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2 JIETHANE 

Of these industrial gases, only toAvn’s gas is 
produced primarily as a fuel. The others are 
used incidentally as such, notably coke-oven 
gas, which is generally employed to heat the 
settings, but is sometimes utilised also as a 
source of hydrogen ; cracker gas is an im- 
portant source of olefins. 

In connection with the synthesis of ammonia, 
coke-oven gas (c/. V ol. Ill, 268c) is separated by 
refrigeration (e.g., in the Linde-Bronn plant) 
with the formation of a liquid rich in methane 
{ca. 76%). This is normally re-evaporated and 
used as a fuel to heat the settings, but it could, 
in principle, be diverted to more profitable uses. 
The separation of methane from mixtures con- 
taining 30% or less, either by refrigeration or by 
solvent extraction might, in itself, prove to be 
uneconomic, in which case the initial methane 
content could be raised by a catalysed union of 
carbon monoxide and hydrogen, which, in coal 
gases, are the principal constituents other than 
methane. By a similar reaction, the synthesis 
of methane from gases of the water-gas type 
could be effected (v. "Vol. II, 349c). Present 
tendencies in the Gas Industry, in the direction 
of the total gasification of coal, indicate the 
ultimate production of a gas rich in methane 
by a combination of carbonisation and hydro- 
genation processes. 

Unlike certain other potential fuels (e.g., 
alcohol, benzene) methane is not in great 
demand for chemical simthesis. The manu- 
facture of carbon black is perhaps the only 
technical purpose for which it is at all widely 
used. Indeed, owing to its inactivity, it seems 
unlikely that methane will be employed to a 
great extent in chemical industry, and the 
world’s vast resources can therefore be assumed 
to be potentially available as fuel. 

It has been suggested that methane, by 
catalytic hydrolysis to water gas, followed by a 
Bergius or Fischer-Tropsoh synthesis, might be 
converted to petrol. In this article however, 
only the application for fuel purposes of methane, 
as such, be considered. 

Combustion Pbopeetiks. 

Methane reacts with twice its own volume of 
o^gen when completely converted to carbon 
dioxide and water. 

CH*-h20j=C0,-)-2Hj0. 

The theoretical mixture with air therefore con- 
tains 9-47% of methane. Hydrogen and carbon 
monoxide (hence coal gas also) require less air 
for complete combustion but aU gaseous hydro- 
carbons require more. 

The concentration range of inflammability in 
air [ca. 6-15%) is considerably wider than that 
of petroleum [ca. 2-6%) and other hydro- 
carbon fuels, but narrower than that of hydrogen 
[ca. 4-75%) or carbon monoxide [ca. 13-76%), 
or fuels rich in these gases (town’s gas, producer 
gas).« This characteristic is reflected in the 
mixture range available in engines. 

The minimum temperature of ignition of 
methane so far observed is about 660°o. This 
corresponds to a considerable lag and probably 
represents the lowest temperature of any source 
capable of igmting the gas. Localised sources 


AS FUEL. 

require higher temperatures, depending upon 
their shape and size. Methane is thus more 
difficult to ignite than petrol [v. Vol. IV, 420). 

The net calorific value of methane is 12,000 
kg.-cal./kg. (22,000 B.T.U./lb.), as compared 
with 10,710 kg.-cal./kg. for wo-octane and 
10,500 kg.-cal./kg. for No. 1 petrol. In the 
gaseous state the volumetric calorific value 
(895 B.T.U./cu. ft. at 60°!'. and 30 in. of mercury, 
saturated with water vapour) is very high, and 
in the liquid form a value of 100,000 B.T.U./ 
gallon compares with 136,000 B.T.U./gaUon for 
petrol. A gallon of liquid methane weighs 
4-3 lb. and yields approximately 100 cu. ft. of 
gas at normal temperature and pressure. The 
specific gravity of the gas is 0'55 referred to air 
as unity. 

Under comparable conditions the maximum 
speed of flame propagation for methane in air 
is similar to that for carbon monoxide, but it is 
greatly exceeded by that for hydrogen.® Thus 
methane can replace town’s gas in appliances, if 
the aeration is suitably increased, without 
danger of striking back." The tendency to- 
“ blow-off ’’ may be increased, however. Since 
the flame speeds of other hydrocarbons are also' 
greater than that of methane, it can be said that 
when issuing rapidly from a container through a 
small orifice, methane is one of the most difficult- 
fuels to ignite. 

Methane is a “ non-knocking "fuel for internal 
combustion engines, and can be employed at. 
very high compression ratios. Ricardo has 
found a H.U.C.R. with methane of 14-6:1 under 
conditions which with iso-octane gave 11:1. It 
has probably the highest knock-rating of aU fuels. 

Like all gaseous fuels, methane has the 
advantage of good distribution in internal com- 
bustion engines and shows no tendency to dilute 
the lubricating oil. As a consequence of good', 
distribution, gaseous fuels yield an exhaust gas. 
of low carbon monoxide content, and by com- 
parison with heavier hydrocarbons methane 
gives little carbon deposition. By comparison, 
with producer gas also, it is a “ clean ’’ engine 
fuel. 

Stobage. 

For purposes of transport and storage methane- 
can be accommodated : 

(i) at low pressure, in gas-bags, semi-rigid 

containers, or gas holders ; 

(ii) compressed into gas cylinders, with or 

without the use of adsorbent materials ; 

(iii) as a liquid at atmospheric pressure in 

, containers vacuum-jacketed or lagged 

with insulating material. (Since its 
critical temperature is — 82°o., methane 
cannot exist in the liquid form at 
normal temperatures.) 

These three general methods increase in com- 
pactness in the order given. Thus, 1 g. of 
methane occupies 1,520 c.c. at and atmo- 
spheric pressure, 6-3 c.c. at 3,000 lb. per sq. in. 
and 25 0., and 2-35 c.c. in the liquid form at 
atmospheric pressure. The cumbersome cha- 
racter of the first method is emphasised by these 
figures. 

The most suitable pressure at which to store 
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and elsewhere, and in the vicinity of the great 
oilfields of the world the abundant supplies of 
natural gas are put to domestic uses. However, 
where unlimited supplies are not available, it 
appears inadvisable to employ so excellent a fuel 
as methane in an indiscriminate manner ; it is 
better used {e.g., in the liquid form) as a 
“ calorific reservoir ” for the enrichment of gas 
of low calorific value, in the way, for instance, 
in which oil gas is at present employed in some 
cormtries. 

Engine Fuel. — ^The use of methane as a fuel 
for internal combustion engines is an appli- 
cation which takes advantage of most of its 
valuable quahties. When employed in a suit- 
ably designed engine it is superior to petrol, and 
as used in a petrol engine it is probably the best 
substitute fuel available. It has not been 
widely utilised in this way, however, presumably 
owing to difficulties of handling. In Glermany, 
compressed sewage gas, and in Italy compressed 
natural gas, have been employed fairly ex- 
tensively, and in Great Britain a certain amount 
of sewage gas is in use. It is reported that 
methane separated from coke-oven gas by the 
Linde-Bronn process has been applied as an 
automotive fuel in Germany. In America 


per sq. in.) the pressure reduction is effected by 
regulators in two stages,^" the intermediate 
pressure being of the order of 10 lb. per sq. in. 
When the fuel is stored in the liquid form a 
number of methods are available. The most 
obvious is to convert the liquid to gas before 
conveymg it to the engine, by means either of a 
heater in the storage tank, or of an evaporatincf 
device to which the liquid is led under controlled 
conditions, and in which it is evaporated by the 
hot exhaust gases, or otherwise. A fundamental 
objection to these schemes lies in the fact that 
the refrigeration capacity of the cold fuel is not 
usefully employed. It is clear that this property, 
if suitably directed, allows of an increase of 
volimetric efficiency either by injecting the 
liquid into the air supply or by allowing heat 
exchange, whereby the intake air supplies the 
latent heat of evaporation of the fuel. 

In any arrangement in which the methane 
reaches the engine in the form of a gas, a gas-air 
mixer of conventional design {see, e.jr.,i“) may 
be employed, a suitable adjustment of the mi.x- 
ture strength being made. 

It would appear, however, that advantages 
should be gained by adopting alternatives to the 
ordmary suction-intake cycle. Thus, the volu- 
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metals are converted into organometaUic com- 
pounds, e.p., 

^^Brief accounts fonow of the foUowing methyl 
compounds : amines ; cyanide, tsocyanide, iso- 
cyanate, thiocyanate, isothiocyanate, e™eM; 
haUdes ; nitrite, nitrate ; sulphides, sulphites, 
sulphates, sulphonates ; methylene compounds. 

Methylasitses. 



Mono- 

Di- 

Tri- 


methyl- 

methyl- 

methyl 


amine. 

amine. 

amine. 

Formula . . • 

NHzMe 

NHMej 

NMej 

F.p .... 

B.p 

-92-5° 

-96° 

-117-2° 

-6-7° 

7-2-7-3° 

3-2-3-8° 

0-699 

0-6865 

0-6709 

P 

(-10-8°) 

(-5-8°) 


Grit. temp. . 

156-9° 

164-6° 

160-5° 

Grit, pressure . . 

73-6 atm. 

164-6 atm. 

41 atm. 

Basic dissociation 
constant . 

5X10“-* 

7-4x10“-' 

7-4x10-; 


M.p. ofB.HCl . 
JI.p. of B,HBr 
jr.p. of B,HI . 
Mp. of B.HNOj 
M.p. of picratc. 
Acetyl deriv. . 

Benzoyl deriv. 


225-226° 

250-251° 

260-270° 

99-100° 

215° 

M.p. 28°, 
B.p. 206° 
M.p. 80° 


171° 

133-5° 

155° 

74° 

158° 

B.p. 165° 

M.p. 41°, 
B.p. 255° 


277-278° 

243-245° 

263° 

216° 

None 

None 


All are colourless gases at room temperature, 
with characteristic odours, that of methylamine 
and dimethylamine being ammoniacal, and that 
of trimethylamine rather more fishy. They are 
inflammable, burning with yellow flames. 
JIeth5damines are very soluble in water to give 
strongly alkaline solutions, and are more basic 
than ammonia (basic dissociation constant 
2x 10“®). One volume of water dissolves 1,153-9 
volumes of methylamine at 12-5°, and 959 
volumes at 25°. Hydrates described are 
NH2Me,H20, a liquid with 0-8993, and 
NH2Me,3H20, m.p. -35-8°; NHMBj.HjO, 
a liquid 0-8126 and NHMBj.THjO, m.p. 
-16-85°; N M 63,1 IHjO, m.p. 5-34°. 

Several of the methods of preparation give 
mixtures, and various methods are available for 
the separation of mixtures of two or more mem- 
bers of the series consisting of ammonia and the 
three methylamines. On a small scale the four 
can be separated by Bertheaume’s method 
(Compt. rend. 1910, 150, 1251), viz. conversion 
into the hydrochlorides, evaporation to dryness, 
and treatment with dry alcohol-free chloroform, 
which dissolves out dimethylamine and tri- 
methylamine hydrochlorides. These are dis- 
solved in 2,000 parts of water after removal of 
the chloroform, and trimethylamine precipitated 
as the sparingly soluble periodide NIVle3l2, 
m.p. 66° (Delepine, Ann. chim. 1896, [vii], 8, 
462) by a solution of iodine in potassium iodide. 
The chloroform-insoluble ammonium chloride 
and methylamine hydrochloride mixture is 
separated by treating in solution with mercuric 
oxide in the presence of sodium hydroxide and 
carbonate, when the ammonia is absorbed and 
methylamine left in solution (Erdmann, J. Biol. 
Chem. 1910, g, 41). Alternatively, the mixture 
of methylamines and ammonia can be treated 
with formic or higher fatty-acids or their esters 
to give amides, and the unchanged trimethyl- 
amme removed, whilst the amides (e.g.. 
formamides) can be separated by firaotional 


distillation and the amines recovered by 
hydrolysis (U.S.P. 2310478 ; G.P. 454459). On 
a large scale, separation of the amines can be 
achieved by fractional distillation under normal, 
or more usually^, increased pressure, but coinpli- 
cations occur owing to the formation of various 
azeotropic mixtures, although the composition 
of these can be varied by changing the pressure 
(e.g., for methylamine-trimethylamine mixtures, 

see U.S.P. 2126600). Other methods involve 
the use of solvents, e.g., trimethylamine and 
ammonia can be separated by selectively absorb- 
ing the trimethylamine in organic solvents or 
solutions of inorganic salts (U.S.P. 2125905; 
B.P. 475818). Ammonia can be removed from 
trimethylamine-ammonia mixtures by addition 
of an inert substance (e.g., an ether or ^- 
phatio hydrocarbon) which is capable of forming 
with ammonia a binary azeotropic mixtm-e of 
lower boiling-point than that of the trimethyl- 
amine-ammonia azeotrope (U.S.P. 2091636). 
(See also Annual Kep. Prog. App. Chem. 1938, 
23, 139.) 

For general reactions of methylamines, v. 
Amines, Vol. I, 3126. 

Methylamine, NHjMe.— Occurs in certain 
plants as Mentha agitatica L., Mercurialis 
perennis L., M. annua L., and Leptotmnia dis- 
secta. It has also been found in the flesh of the 
coot (Fulica atra), in herring brine, in crude 
wood spirit, and among the products of dry 
distillation of sugar-beet molasses. 

A convenient preparation is by the interaction 
of formaldehyde and ammonium chloride : 

2HCHO+NH^C! = NH 2 Me,HCl-f H-COOH. 

The yield is 45-50% of theory (Organic Syn- 
theses, Coll. Vol. I, 1941, p. 347). Methods 
have been developed for the production of 
methylamine from methyl alcohol and ammonia 
by passage over various catalysts, e.g., alu- 
minium silicate (U.S.P. 1875747), charcoal and 
alumina (U.S.P. 2017051), or alumina gel in a 
tube lined with manganese-copper alloy at 
380°/80 atm. (B.P. 422563). Turner and 

Howald prepared methylamine in 55% yield by 
8 hours’ heating, at 300° in an autoclave, of a 
mixture of methyl alcohol, ammonium chloride, 
and zinc chloride (J, Amer. Chem. Soc. 1920, 42, 
2663) . The numerous other methods of prepara- 
tion include reduction of hydrogen cyanide with 
hydrogen in the presence of the cyanides of 
hydrogenating metals (U.S.P. 2072247) ; reduc- 
tion of chloropicrin with iron and acetic acid 
(Geisse, Annalen, 1859, 109, 282) ; reduction of 
hexamethylenetetramine with zinc and hydro- 
chloric acid (G.P. 73812) ; electrolytic reduction 
of nitromethane (Pierron, Bull. Soc. chim. 1899, 
[iii], 21, 783) ; reduction of methyl nitrite 
(Gaudion, ibid. 1910, [iv], 7, 824) ; reduction 
of formaldoxime (Takaki and Ueda, J. Pharm. 
Soc. Japan. 1938, 58, 276) ; action of ammonia 
on methyl iodide (Hofmann, Annalen, 1851, 79, 
16) ; action of ammonia on methyl chloride 
(Vincent, Chappuis, BuU. Soc. chim. 1886, [ii], 
45, 499) ; action of ammonia on dimethyl sul- 

00m® Knapp, J.C.S. 1920, 117, 

^36); Hofmann degradation of acetamide \vith 
bromme and alkali (Hofmann, Ber. 1882, 15, 
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Betaine is formed -vrith chloracetic acid : 
NMCa+CHaCl-COOH 

=NMe3-CH2-COO+HCI 
and neurine with ethylene dibromide : 
NMes+CHjBr-CHaBr ^ 

=CH2Br-CH2-NIVle3Br 

CH 2 :CH-NIVIe 30 H+ 2 AgBr. 

Trimethylamine Oxide, NMejO, is 
widely distributed in fish and animal tissues 
{Kapeller-Alder and Krael, Biochem. Z. 1930, 
224, 364). It may be prepared by the action 
of methyl iodide on hydroxylamine, or better, 
by treatment of trimethylamine with 3% 
hydrogen peroxide at room temperature (Dun- 
stan and Goulding, J.G.S. 1899, 75, 792, 1004). 
On heating, formaldehyde and dimethylamine 
are formed : 

NrVIe 30 =NHMe 2 +HCH 0 . 

It separates from water as the dihydrate, m.p. 
255-267°. The anhydrous compound forms 
needle-shaped crystals, m.p. 96°. 

Tetramethylammonium Compounds. — 
Tetramethylammonium Iodide is formed by the 
addition of methyl iodide to trimethylamine, 
and is the chief product from the action of 
ammonia on an excess of methyl iodide (Hof- 
mann, Proo. Eoy. Soc. 1851, 381). It is a 
crystalline substance, soluble in hot water, 
sparingly so in cold, and decomposes on heating 
above 230°. The chlorine and bromine com- 
pounds are similar. When the iodide is treated 
with moist silver oxide, or the chloride with 
potassium hydroxide in methanol, the free base, 
tetramethylammonivm hydroxide, NIVle 4 -OH, is 
formed. It forms a pentahydrate, m.p. 62-63°, 
a trihydrate, m.p. 69-60°, and a monohydrate 
which decomposes without melting at 130-135° 
to give methyl alcohol and trimethylamine. 
The hydroxide is a strong, hygroscopic base, 
which absorbs carbon dioxide from the air and 
will saponify fats. It forms salts with acids. 

Tetramethylammonium salts form a series of 
complex polyhalides of the type N M where 
X is 3, 6, or 7 {e.g., Chattaway and Hoyle, J.G.S. 
1923, 123, 664). 

A solution of free ielramethylammonium has 
been obtained by treating tetramethylam- 
monium chloride with metallic lithium in liquid 
ammonia. Tetramethylammonium amalgam has 
been prepared by the electrolysis at —35° of 
tetramethylammonium chloride in alcoholic 
solution, using a mercury cathode. It is un- 
stable and decomposes rapidly, probably accord- 
ing to the equation : 

4Hg3;N M e4=4N M e3-h2C CjH 44- diHg 

(McCoy and West, J. Physical Chem. 1912, 16 
261). 

Methyl Cyanide (Acetonitrile, Cyano- 
methane), MeCN. — ^A colourless liquid, b.p. 
81-6°, f.p. -44-9°, pf 0-7828, with a pleasant 
ethereal odour, miscible with water, from which 
K separates on the addition of sodium chloride. 
It buras with a luminous flame with a peach- 
rea-colouted edge. 


It may be prepared by distilling ammonium 
acetate or acetamide with phosphorus pentoxide 
(Dumas, Compt. rend. 1847, 25, 383); from 
aqueous potassium cyanide and dimethyl sul- 
phate (Walden, Ber. 1907, 40, 3216); from 
methyl iodide and aqueous potassium cyanide 
(Henry, Compt. rend. 1887, 104, 1181) ; by the 
decarboxylation of cyanoacetic acid at 165° 
(Van’t Hoff, Ber. 1874, 7, 1383) ; by passing 
acetic anhydride and ammonia over alumina at 
500-600° (Van Epps and Reid, J. Amer. Chem. 
Soc. 1916, 38, 2130) ; and by the passage of 
methyl alcohol and hydrogen cyanide vapours 
over a catalyst (G.P. 463123). It is among the 
products formed by passing acetylene and 
ammonia over a catalyst at 360° (G.P. 295276) ; 
it has also been prepared by numerous other 
methods. 

Methyl cyanide is a good solvent for ma-ny 
organic compounds and forms numerous addition 
compounds with acids and metallic salts. 

Methyl isoCyanide (Methylcarbylamine, 
isoAcetonitrile, MoCyanomethane), MeNC. — 
A liquid, b.p. 69-6°, f.p. -45°, with a very un- 
pleasant odour and burning with a bluish-^een 
flame ; it explodes readily, is extremely poison- 
ous, and is soluble in 10 parts of water at 16°. 

It can be prepared by heating methyl iodide 
with silver cyanide at 120° and decomposing the 
resulting addition compound, MeNC-AgCN, 
with potassium cyanide solution (Gautier, 
Ann. Chim. Phys. 1869, [iv], 17, 216). A large 
number of addition compounds with metalDo 
salts are known. 

Methyl isoCyanate, MeNCO. — ^A liquid, 
b.p. 43-45°, with a pungent odour, prepared from 
potassium cyanate and dimethyl sulphate in the 
presence of lime (Slotta and Tschesche, Ber. 
1927, 60 [B], 298), or from methyl iodide and 
silver cyanate (Polonovski and Nitzberg, Bull. 
Soc. chim. 1916, [iv], 19, 29). Readily poly- 
merises to trimethylisocyanuric acid. Methyl 
cyanate is not known. 

Methyl Thiocyanate, MeCNS. — A liquid, 
b.p. 130°, f.p. —51°, prepared from dimethyl 
sulphate and barium thiocyanate (Schmitz, 
Chem. Zentr. 1913, 11, 1348) or from potassium 
thiocyanate and calcium methyl sulphate (Mus- 
pratt, Annalen, 1848, 65, 259). On heating to 
180° it is partly converted into methyl iso- 
thiocyanate. 

Methyl isoThiocyanate (Methyl mustard 
oil), MeNCS . — A white crj'^staltme solid, m.p. 
35-93°, with an odour similar to that of horse- 
radish. It is prepared from methylamine and 
carbon disulphide (Delepine, Bull. Soc. chim. 
1908, [iv], 3, 642). 

Dimethyl Ether, Me^O . — A colourless gas 
with an ethereal odour, f.p. -138-5°, b.p. -23-6°, 
^.gr. of gas 1-617 (air=l), flash point —41° ; 
burns with a slightly luminous flame. One 
volume of water dissolves 37 volumes of the gas 
prepared by heating methyl 
alcohol with cone, sulphuric acid (Erlenmeyer 
and I^iechbaumer, Ber. 1874, 7, 699) or with 
phosphoric acid (Newth, J.G.S. 1901, 79, 917). 

^^^ydration of methyl alcohol may be 
earned out in the vapour phase by passing over 
heated pumice soaked in sulphuric acid 
(benderens, Compt. rend. 1931, 192, 1335). On 
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bromide and sidphuric acid (Bygden, J- P^"- 
Cbem. 1911, [ii], 83, 422), or from methyl 
alcohol, bromine and red j 

Ann. Chim. Phys. 1845,[iii],15,373). Methods for 
large-scale preparation include the passage oi 
methyl alcohol vapour and hydrogen bromide 
over activated charcoal and phosphoric acid at 
280-320° (G.P. 478126). . v 

Methyl bromide is used as a fire extmguisner', 
for rvhich purpose it is usually kept in sealed 
vessels imder constant pressure and released by 
the destruction of the sealing device (a. Eike 
Extikction, Vol. V, 209d). The vapour is 
poisonous and can be detected by a hahde 
detector lamp (Anon., Amer. Chem. Abstr. 1941, 
35, 1365). It has been employed as a fumigant 
(Andrews ef al., ibid. 1943, 37, 3560) (v. Fumi- 
gation, Vol. V, 397a). It is effective as a non- 
inflammable rodenticide (Berry, BuU. Dept. 
Agric, Calif. 1938, 27, 172). It can be used as a 
methylating agent (Lucas and Yoimg, J. Amer. 
Chem. Soc. 1929, 51, 2535) and has been sug- 
gested for use aa a refrigerating agent (U.S.P. 
1647202). 

Methyl Iodide (iodomethane), Mel. — A 
colourless liquid with a sweet ethereal odour, 
m.p. -66-45°, b.p. 42-4°/760 mm., 2-3346, 
2-26102, 1-6293. A brown colour due to 

the separation of iodine develops slowly on ex- 
posure to light, and this may be greatly retarded 
by the addition of a drop of mercury. Soluble 
in about 60 parts of water. 

Convenient methods of preparation are from 
methyl alcohol, iodine, and a mixture of red and 
yellow phosphorus (Organic Syntheses, Coll. 
Vol. II, 1943, p. 399), and from potassium iodide 
and dimethyl sulphate at 60-70° in the presence 
of calcium carbonate (ibid,, p. 404). Both 
methods give yields of 90-96% of theory. Other 
methods of preparation include the slow distil- 
lation of methyl alcohol and a large excess of 
constant-bofling hydriodic acid (Norris, Amer. 
Chem. J. 1907, 38, 639), interaction of aqueous 
potassium iodide and methyl yi-toluenesnl- 
phonate (Peacock and Menon, Quart. J. Indian 
Chem. Soc. 1925, 2, 240; Rodionow, Bull. Soc. 
chim. 1926, [iv], 39, 323), and the electrolysis of 
aqueous potassium acetate in the presence of 
iodine or potassium iodide (Kaufler and Herzog, 
Ber. 1909, 42, 3860). 

Methyl iodide is widely used in the laboratory, 
especially as a methylating agent, owing to the 
reactive nature of the iodine, and because, being 
a liquid at room temperature, it is often more 
convenient than the gaseous chloride or bromide. 
For large-scale work it is usually replaced by a 
cheaper methylating agent such as methyl 
chloride, bromide, or sulphate. Many tertiary 
bases form crystalline methiodides -with methyl 
iodide which may be used for characterisation 
purposes. It is used in microscopy because of 
its high refractive index. When methyl iodide 
is applied to the skin and covered by impervious 
material, blisters may result, and methyl iodide 
can be tmed in medicine externally as a counter- 
irritant in neuralgia and sciatica. 

Methyl Nitrite, MeO-NO,— A gas, b.p. 
— 12 , prepared from equimolecular quantities of 
methyl alcohol and jsoamyl nitrite (Bertoni, 


Gazzetta, 1882, 12, 438), or from sulphuric acid, 
methyl alcohol, and sodium nitrite (Slater, 
J.C.S: 1920, 117, 688). 

Methyl Nitrate, MeO-NOg.— A hqmd, 
b.p. 65°, prepared from methyl alcohol, potas- 
sium nitrate, and sulphuric acid (Deldpine, Bull. 
Soc. chim. 1896, [iii], 13, 1044), or from methyl 
alcohol, urea nitrate, and nitric acid (Lea, 
Jahresber. 1862, 387). It explodes violently 
when struck, or when heated to 150°. 

Methyl Hydrogen Sulphide (methyl mer- 
captan, thiomethylalcohol methanethiol, mer- 
captomethane), MeSH (v. Meboattans, Vol. 
VII, 561a). 

Dimethyl Sulphide (dimethyl thioether), 
MejS. — A colourless liquid with a disagreeable 
odour, f.p. -83°, b.p. 37-6-38°, pf 0-8468. Is 
prepared from sodium methyl sulphate and 
cone, aqueous potassium sulphide solution (Beck- 
mann, J. pr. Chem. 1878, ^iil, 17, 463). Addition 
compounds are formed -w-ith many metallic salts, 
e.g., 2MeaS,PtCI,, m.p. 159°, 2Me2S,3HgCl2, 
m.p. 150°, etc., and crystalline compeunds 
MCjSBrj and MejSlj with bromine and 
iodine. With methyl iodide, trimethylsul- 


phonium iodide, MegSI, is formed at room 
temperature as a crystalline solid, from which 
the free base, trimethylsulpJioniiim hydroxide, 
MejS-OH, can be obtained. Oxidation of 
dimethyl sulphide with nitric acid gives dimethyl 
sulphoxide, MejSO, and dimethyl sulphone, 
Me2S02, according to conditions (Saytzeff, 
Annalen, 1867, 144, 160). 

Dimethyl Disulphide, MeS-SMe.— Aliquid, 
b.p. 116-118°, prepared by the oxidation of 
methyl hydrogen sulphide (Cahours, Annalen, 
1847, 61, 92). 

Methyl Hydrogen Sulphite (methyl sul- 
phurous acid), MeO-SO-OH. — ^The salts are 
prepared by the action of sulphur dioxide on 
alkali methoxides in methyl alcohol (Rosenheim 
and Leibknecht, Ber. 1898, 31, 409), or by the 
passage of dry ammonia and sulphur dioxide 
into absolute methyl alcohol (Goldberg and 
Zimmermaim, Z. angew. Chem. 1902, 15, 901). 

Dimethyl Sulphite, (MeO)„SO. — ^A liquid 
with an acetone-like odour, b.p. 126°, prepared 
by the action of thionyl chloride or sulphur 
monochloride on methyl alcohol (Carius, 
Annalen, 1859, 111, 97; 110, 219). It is 
isomeric -with the methyl ester of methane- 
Bulphonic acid, MeSOg-OMe. 

Methyl Hydrogen Sulphate (methyl sul- 
phuric acid), MeO-SOj-OH, — Oily liquid, 
which does not solidify at —30°, very soluble in 
water and completely miscible 'with ether, 
although the monohydrate is ether -insoluble. 
It is prepared from equimolecular amounts of 
methyl alcohol and sulphuric acid at tempera- 
tures below 100° (Dumas and Peligot, Ann . 
Chim. Rhys. 1835, [ii], 58, 19). It also results from 
the action of methyl alcohol with sulphur tri- 
oxide below 00 (G.P. 133542), or with chloro- 
sulphonic acid (Claesson, J. pr. Chem. 1879, [ii], 
19, 231). The salts are usually prepared by 
adding the hy(froxide or carbonate of a metal 
to the sulphuric acid-methyl alcohol reaction 
mixture. , The acid chloride, Me0-S02Cl, is 
usually called methyl chlorosulphonate ; it is a 
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maj' be prepared by the reduction^ of cHoro- 
'form irith zinc and hydrochloric acid (Greene, 
Compt. rend. 1879, 89, 1077), or by the chlorina- 
tion of methane {t.g., McBee, Hass, Neher, and 
Stricldand, Ind. Eng. Chem. 1942, 34, 296) or 
of methjd chloride (G.P. 444799 and 503716). 

It may be employed as a local amesthetic, and 
as a refrigerant, and is widely used as a solvent 
and as a degreasing fluid, the vapours not being 
inflammable or explosive in air. 

Treatment with sodium iodide in methyl 
alcohol gives methylene chloroiodide, b.p. 109°, 
which if treated with bromine gives methylene 
chlorobromide, b.p. 68-69°. 

Methylene Bromide (dibromomethane), 
CHoBrj.— A liquid, b.p. 96-5-97-5°, prepared 
by the reduction of bromoform with sodium 
arsenite and caustic soda (Organic Syntheses, 
CoU. Vol. I, 1941, p. 357) ; from bromine and 
methylene iodide (Butlerow, Annalen, 1859, 111, 
251) ; or from methyl bromide and bromine at 
250° (Steiner, Ber. 1874, 7, 507). Methylene 
bromoiodide, CH^Brl, b.p. 138°, can be pre- 
pared from methylene iodide and iodine bromide. 

Methylene Iodide (di-iodomethane), CH 2 l 2 - 
— A yellowish liquid at room temperatme, b.p. 
180°, p]l 3-3326, 1-7559. The density is 

the highest of any known organic compound, 
and for this reason methylene iodide is used for 
separating mixtm-es of minerals b}' flotation, in 
which benzene or ether may be used as a diluent. 
Two solid forms are known, an unstable one, 
f.p. 5-64°, and a stable one, f.p. 6-01° (Stone, 
J. Amer. Chem. Soc. 1932, 54, 112). Solubility 
in water 1-565 g. per 100 g. at 0°, and 1-446 g. per 
100 g. at 10°. Best prepared by the reduction 
of iodoform with sodium arsenite and sodium 
hydroxide (Organic Syntheses, Coll. Vol. I, 
1941, p. 358). Other methods include the treat- 
ment of iodoform with iodine (Hofmann, 
Annalen, 1860, 115, 267), with sodium ethoxide 
(Butlerow, Ann. Chim. Phys. 1885, [iii], 53, 313), 
or with hj-drogen iodide (Leben, Z. Chem. 1808, 
712). 

A 1:1 solution of phosphorus can be made in 
methylene iodide at ordinaiy temperatures. 

Methylene Diacetate, CH 2 (OAc) 2 .— A 
liqmd, b.p. 169—171°, prepared from methylene 
iodide and silver acetate (Butlerow, Annalen, 
1858, 107, 111), or, better, from paraformalde- 
hyde, acetic anhydride, and a trace of con- 
centrated sulphuric acid (Knoevenagel, ibid. 
1914,402,127). 

Methylene Dibenzoate, CH 2 (OBz) 2 .— A 
crj’'stalline solid, m.p. 99°, b.p. 225° with decom- 
position, prepared by heating paraformaldehyde 
and benzoyl chloride in the presence of zinc 
*j^ride (Descude, Compt. rend. 1901, 133, 

Methylene Diamine, CH 2 (NH 2 ) 2 .~The 
xee base is unstable, but can be prepared in 
olution from the stable crystalline dihydro- 
’hloride, which is made by condensing form- 
imide with formaldehyde to give methylene di- 
onnamide, CH 2 (NH-CHO )3 and then hydro- 
ysing with hydrochloric acid": 

'.H-CONHo-hH-CHO CH2(NH-CHO)2 

-5- CH2(NH2)2,2HCI-f2H-COOH 

Knudsen, Ber. 1914, 47, 2698). 


Alkylated derivatives such as CH 2 (NR 2 ) 2 , 
where R is methyl, ethyl, or propyl, are known. 

Hexamethylenetetramine. See Eorm- 
ALDEHYDE, Vol. V, 320&. 

B. A. K. 

METHYL ALCOHOL, CHg-OH. Meth- 
anol, carbinol, hydroxymethane, wood naphtha 
(impure methyl alcohol). 

B.p. 64-609°/760 mm. ; variation of boiling- 
point with pressure dt/djp=0-0331°O./mm. at 
p=760 mm. (Wajcieohowski, J. Res. Nat. Bur. 
Stand. 1936, 17, 721) ; p\l 0-79647 ; pf 0-79577 
(U.S. Bureau of Standards Tables Circ. No. 19, 
1916, pp. 22-24) ; m.p. -97-8° ; 1-33118 ; 

heat of vaporisation=262-8 g.-cal./g. at 16°0. ; 
heat of combustion 170-9 kg,-cal./g.-mol. 
[CHj-OH (liquid) it CO 2 (gas)-h2H20 (hquid)] 
(Kharasch, Bur. Stand. J. Res. 1929, 2, 359) ; 
heat of formation 60-24 kg.-cal./g.-mol. 

Methyl alcohol is a colourless, mobile, in- 
flammable liquid of characteristic, pleasant 
odour when pure. It is miscible in all propor- 
tions with water. Methyl alcohol arises in the 
destructive dry distillation of wood, and is said 
to bo present in small quantities in all fermented 
liquors. In the form of esters, such as oil of winter- 
green (meth 3 d salicylate), it is found in plants. 

Formation. — ^Methyl alcohol may be pro- 
duced from the dry distillation of wood, from 
the waste water of steamed wood pulp in paper 
manufacture, by the partial oxidation of 
methane, and by the catalytic reduction of 
oxides of carbon. Methyl alcohol also arises in 
many organic reactions by processes common to 
all aliphatic alcohols. 

Preparation. — The principal method of 
manufacture of methanol was formerly through 
the dry distillation of wood. The rapid develop- 
ment of the sjmthetic process in the third decade 
of this century has considerably reduced the 
relative importance of this method, and at 
present probably less than one-tenth of the 
world’s methanol output is derived from wood. 

Wood Distillation . — ^The distillation of wood 
may be conducted in various ways according as 
the main object of the process is to produce 
charcoal, methyl alcohol, and other by-products 
or gas. The production of bj'-products is best 
carried out by the distillation of hardwood ; 
softwood is used to a smaller extent, but yields 
onty half the amount of methyl alcohol. The 
wood is introduced, either by stacking or by 
being run in on steel trolleys, into iron retorts, 
which are then heated to 400-500°c. by any 
suitable means. The gases resulting from the 
decomposition of the wood are passed into water- 
cooled condensers, and the liquor (crude pyro- 
ligneous liquor) is allowed to settle in wooden 
vats. The gases leaving the condenser may be 
scrubbed to recover methyl alcohol, acetone, etc. 
The settled tar is removed from the crude 
P 3 rroligneous acid. The aqueous pyroligneous 
acid is distiUed in order to remove “ dissolved ” 
tar J the original tar is steam distilled to recover 
methyl alcohol, etc., and the aqueous distillate 
added to the aqueous pyroligneous acid. Any 
oils which separate from the aqueous acid are 
water-washed and the washings returned to the 
aqueous acid. 
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of this reaction, which leads to dffic^ty of 
control and the possible damage of the con- 
verter, and to a wastage of compressed gas, oy 
ensuring the absence of metals of the eighth 
group of the periodic table, which are toown 
specifically to catalyse the methane reaction. 

Another side reaction that may occur, again 
favoured by high temperatures, is that leading 
to the formation of higher alcohols : 

nCO+2nHj C„H 2 „+i-OH-f (n-l)Hj,0. 

The possibility of this reaction ocoiming can be 
reduced by the choice of a suitable catalyst. 

The pressures and temperatures employed, 
together with the processes used for the manu- 
facture of the synthesis gas, bear a great re- 
semblance to the practice of the synthesis of 
ammonia, and it is, therefore, found that in 
most cases the manufacture of S 3 mthetic methyl 
alcohol is carried out by firms already versed in 
the technique of ammonia synthesis. In many 
cases synthetic methyl alcohol plants are run I 
as an integral part of synthetic ammonia plants. 

History. — Experimental work on the pro- 
duction of synthetic methyl alcohol dates from 
1913, in wlfich year the Badische Anilin und 
Soda-Fabrik concern carried out some experi- 
ments on the reduction of carbon monoxide 
tmder pressure. They succeeded in producing 
a mixture containing alcohols, acids, aldehydes, 
hydrocarbons, etc. This represented a new 
step, as previous attempts to reduce carbon 
monoxide had always led to the formation of 
methane. The B.A.S.F. discoveries were pro- 
tected in G.P. 293787, 295202, and 295203. The 
First World War interrupted the experiments, 
which were, however, re-opened in 1922. The 
rapid success of these experiments led to a semi- 
technical plant being erected at the end of that 
year, followed by a full-scale plant at Leuna. 

Independently of the German experiments, 
work had been carried out in France by Georges 
Patart, who patented a process for the pro- 
duction of alcohols by the reduction of oxides 
of carbon in 1921 (F.P. 540543). There have 
been conflicting claims to the prior invention of 
the synthetic process by the Badische and 
Patart companies (see, for instance, Z. angew. 
Chem. 1927, 40, 166 ; Ind. Eng. Chem. 1926, 17, 
869). The Patart company did not operate its 
process, but issued licences for the manrrfacture 
of methyl alcohol according to its patents. The 
first methyl alcohol plants in France were 
erected in 1927—29. Other French pioneers 
were E. Audibert and Georges Claude, who each 
worked out individual processes. 

The development of the synthetic methyl 
alcohol industry in the rest of the world was 
rapid. The import of cheap German methyl 
alcohol upon the U.S. market instigated in- 
tensive research by E.I. Du Pont de Nemours, 
which led to the speedy erection of plants. 
Plants were also erected in England, Belgium, 
and Holland. More recently Italy and Japan 
have entered the field ; an individual process 
has been developed by G. Natta in the former 
country. The U.S.S.R. has carried out original 
research which, in conjimction rvith' plants 
operated under licence, has enabled her to meet 
part of her large demand for formaldehyde. 
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Any estimate of the World production of 
s 3 Tithetic methyl alcohol must be to a large 
extent speculative, as full statistics are not 
available. However, it is probable that the 
total World production of methyl alcohol was 
of the order of 300,000 tons per annum im- 
mediately preceding the Second World War. 
Of this total, probably less than one-tenth was 
produced by wood distillation. 

The Synthetic Methye AlcohoIi Pbooess. 

The process consists of the following steps i 

(а) The production of a mixture of carbon 

monoxide and hydrogen (or carbon 
dioxide and hydrogen) of a suitable 
composition. 

(б) and (c) Purification and compression of 

the gas mixture. 

(d) Heating the gas to reaction temperature 

by means of external heaters, or heat 
interchangers, or both. 

(e) Passage of the heated gas over the 

[ catalyst. 

(/) Separation of the methyl alcohol and 
passage of rmreacted gas, either back 
to the converter or to some other 
process. 

(g) Purification of the crude methanol by 
distillation. 

(a) Production of Synthesis Gas. — ^The 
methods of preparation of the synthesis gas 
vary according to the sources of carbon and 
hydrogen available, and different methods are 
preferred by different manufacturers. It is not 
usual to use a sjmthesis gas containing the 
stoichiometric proportions of carbon monoxide 
and hydrogen, but rather one containing an 
excess of hydrogen. The exception to this 
practice occius when a self-contained circulation 
system is used, in which case the gas fed to this 
system to compensate for the formation of 
methyl alcohol must be of the stoichiometric 
composition if the composition of the gas in the 
circulating system is to remain unchanged. 
The following are the main general methods 
used ; 

1. Water Gas . — The gas formed by the re- 
action C-b HjO -)■ CO-t- Hj contains the desired 
components, but not in the correct proportions, 
as it has been pointed out that the ratio of 
hydrogen to carbon monoxide should be at least 
2 to 1. Water gas may, however, be treated 
with steam over a promoted iron catalyst at an 
elevated temperature in order to increase the 
proportion of hydrogen at the expense of that 
of carbon monoxide (v. Vol. I, 334c). 

C0-bH20->C0j-bH2. 

If this reaction is controlled so that it pro- 
ceeds to any given extent, and the resultant 
carton dioxide is removed by water-washing 
undCT pressure, or by other suitable means, a 
B^thesis gas of any composition between that 
ot water gas and nearly pure hydrogen may be 
obtamed. - = j 

If, instead of steam, a mixture of steam and 
air IS used as the gasifying agent, a gas contain- 
ing nitrogen is formed, which after being used 
lor methanol synthesis, followed by removal of 



methyl alcohol. 


Zinc-Chromium Catalysis.— This, the 
important ckss of catalysts, includes the 
original catalysts of Patart, srhich consisted of 
ba=ic zinc chromate reduced in the syi^esis ga^ 
(B.P. 247178, 1925; 247932, 1925). The addi- 
tion of a heat-conductiiig material is also claimed 
bv Patart to improve such a catalyst by pre- 
venting local over-heating (P.P. 61843^ 

A zinc chromite of the composition 4Zn O.^rOa 
has also been patented by I.C.L (B.P. 275345, 
1926). E.I. Du Pont de Nemours (B.P. 272555, 
1926) claim a catalyst made by heating a 
chromate of zinc either alone or ivith other 
metals at a temperature above 600°, also^ a 
catalyst formed by igmtion of a basic zinc 
ammonium chromate (B.P. 313093, 1928). A 
methyl-alcohol catalyst can also be made by 
mechanical admixture of zinc and chromi um 
oxides either alone (Doglov and Ha^ov, Amer. 
Chem. Abstr. 1934, 28, 5212) or uith chronuc 
acid (Veltistova, Doglov and Karpov, ibid._ 
1935, 29, 1059) or tvith the addition of zind 
chloride (Commercial Solvents Corporation, 
B.P. 272864, 1926; U.S.P. 1625925; K.P. i 
644525), or by ignition of the mixed oxides in 
the presence of ammonium nitrate (Commercial 
Solvents Corporation, U.S.P. 1668838, 1928). 
Zinc oxide may be dissolved in molten potassium 
dichromate, and the solidified mass broken up 
and used as a methyl-alcohol catalyst (I.G. 
Parbenind. A.-G., B.P. 229714, 1923), or zinc 
oxide may be treated vrith chromic acid, as 
claimed by I.G. Parbenind. A.-G., in B.P. 
286284, 1927, in tvhich zinc oxide is made into 
a paste tvith magnesium chloride solution, the 
paste heated to expel acid, and the product then 
heated in a stream of air carrying chromic acid. 
The magnesium chloride adds to the mechanical 
strength of the catalyst. 

Active catalysts may be prepared by heating 
the basic carbonates of zinc and chromium either 
alone (I.C.I. Ltd., B.P. 293056, 1926), or with 
zinc chromate or basic zinc chromate (I.C.I. 
Ltd., B.P. 290399, 1926). The Compagnie des 
Mines de Bethune have claimed catalysts formed 
by impregnating a porous support vrith the 
formates of zinc and chromium either alone (B.P. 
274492, 1926) or with the addition of nickel or 
nickel oxide or formate (B.P. 275600, 1926). 

Zinc-chromium catalysts are also mentioned 
in the following patents : B.A.S.P., B.P. 

229715, 1923 ; Commercial Solvents Corpora- 
tion, U.S.P. 1797569, 1931 ; British Celanese, 
B.P. 345649, 1929 (by electrolysis of a solution 
of the nitrates or formates) ; E.I. Du Pont de 
■ Nemours, U.S.P. 1984884, 

A catalyst formed by the admixture of zinc 
sulphide and chromium oxide has been claimed 
(British Celanese, B.P. 334924, 1929). The in- 
sensitiveness of an ordinary zinc— chromium 
catalyst makes it suitable for use in a “ guard ” 
converter before a converter containing a sul- 
pbm-sensitive catalyst (Dreyfc, B.P. 335962, 

There is rough agreement among inventors as 
to the ideal proportion of zinc to chromium. 
Patart, the originator of the zinc— chromium 
catalyst, states (B.P. 252361, 1925) that for a 
zmc oxide-chromium trioxide catalyst, the 
molar proportion of zinc oxide to chromium 


trioxide should be at least 2:1 (1:1 atomic ratio). 
In the case of a zinc chromate the atomic ratio 
should be at least l*o:l, I.C.I. Ltd. (B.P, 
275345) claim a zinc chromate of atomic ratio 
4:1. It is stated by B.A.S.F. (B.P. 227147) that 
zinc oxide containing only 1% of Cr 203 is an 
excellent catalyst, Veltistova, Doglov, and 
Karpov (l.c.) obtain satisfactory results with a 
zmc-chromium trioxide-chromic acid catalyst, 
which has a zinc-chromium atomic ratio of 8:3. 
A 2:1 catalyst is claimed by Doglov and Karpov 
(Lc.). Ivanov and Gusev (Amer. Chem. Abstr. 
1936, 30, 1525) state that an 8:3 catalyst is the 
most efficient at 370°; and Nikitin {ibid., 
p. 2170) finds that catalysts containing more 
chromium than 8:2-4 lead to the increased 
formation of bj -products. 

The position has been reviewed by Molstead 
and Dodge (Ind. Eng. Chem. 1935, 27, 134), and 
it was found that in the case of catalysts formed 
from solutions of the mired nitrates by ammonia 
precipitation, the highest initial activity is given 
by a catalyst of atomic ratio 3. Catalysts with 
more chromium have a lower initial activity, 
but increase in activity during tests, the im- 
, provement being accelerated by the use of 
temperatures higher than the running tempera- 
ture. Tor long service, the best catalyst is 
found to be one of atomic ratio 1. 

It has been shown that maximum adsorption 
of carbon monoxide takes place on catalysts of 
atomic ratio 4, and the maximum hydrogen 
adsorption at 1-5. Maximum activity towards 
decomposition occurs at approximately 2, and 
this coincides with maximum activity to syn- 
thesis. It is suggested that maximum reaction 
takes place when equal numbers of hydrogen and 
carbon monoxide molecules are adsorbed on the 
catalyst. 

Zinc-Chromium-Alhali . — ^The addition of a 
compotmd of an alkali metal to a zinc-chromium 
catalyst tends to lead to the formation of higher 
alcohols than methanol, in addition to methanol 
itself. E.g., I.C.I. Ltd. (B.P. 293056, 1926) 
claim that the addition of alkali to a zinc- 
chromium catalyst obtained by heating together 
basic zinc and chromium carbonates makes the 
catalyst suitable for higher-alcohol production. 
I.G. Farbenindustrie A.-G. (B.P. 286284, 1927) 
achieve the same result by the addition of an 
alkali bichromate to a zinc-chromium catalyst. 

Ztnc . — The most important member of this 
class is the smithsonite catalyst of Natta. 
Smithsonite is a natural zinc carbonate, which 
after being broken down and heated, is suitable 
without further treatment as a methyl-alcohol 
catalyst. Natta has stated (B.P. 330919, 1929), 
however, that the superiority of smithsonite 
over artificially prepared zinc carbonates is 
probably due to the impurities present in the 
mineral, which act as promoters. Natta has also 
described the preparation of methanol catalysts 
by the decomposition of organic salts of zinc, 
for instance, zinc acetate (Amer. Chem. Abstr. 
1938, 32, 5166). British Celanese Ltd. (B.P. 
300142, 1927) claimed a catalyst made by heat- 
mg a zinc carbonate gel; I.C.I. Ltd. (B.P. 
316113, 1928) describe a catalyst made by 
heatmg zinc carbonate alone. The use of zinc 
oxide alone has been patented by Dreyfus 
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synthesis system in those plants where the 
methyl-alcohol plant is mn in con]nnction with 
ammonia synthesis. . , . . i. 

The circulators used in a circulatmg symem 
resemble closely the similar machine used in 
ammonia-synthesis systems. A device is used 
in the Casale system whereby the passage ot 
make-up gas to the circulatmg system is used 
to induce circulation on the principle of a steam 
injector. 

(g) Distillation.— Crude synthetic methyl 
alcohol is usually contaminated with water, the 
amount of which depends on the extent to which 
water-forming reactions are allowed to take 
place. The principal water-formmg reactions 
are those which involve the reduction of carbon 
dioxide, and the formation of methane, dimethyl 
ether, or higher alcohols. In addition to water, 
the crude product may he contaminated with 
small amounts of amines (if nitrogen is present 
in the synthesis gas), higher alcohols, aldehydes, 
hydrocarbons, sulphur compounds, and iron 
carbonyl. It is essential that the last two im- 
purities be removed if the methyl alcohol is to 
be used for the production of formaldehyde by 
catalytic oxidation over a silver catalyst. 

The production of methyl alcohol of A.E. 
quality can be accomplished without much 
difficulty by the use of ordinary distillation 
technique. The iron carbonyl may be first 
removed by air oxidation, which precipitates 
the iron as a hydrated oxide, and the iron-free 
crude methyl alcohol submitted to distillation 
on a continuous column, firom which water and 
higher alcohols are removed as a purge, and 
aldehydes, hydrocarbons, and other light ends 
removed as a top product, together with some 
methyl alcohol. Nearly pure methyl alcohol is 
removed from a point near the top of the column. 

Analysis. 

Detection . — ^No simple specific test applicable 
to the detection of methyl alcohol under all 
conditions is known. Tests should, therefore, 
be applied taking into account the other known 
constituents of the mixture, and more than one 
independent method should be used in order to 
confirm the presence of methyl alcohol. 

Most tests depend on the production of form- 
aldehyde by oxidation of the methyl alcohol. 
This is best carried out by a regulated oxidation 
procedure, such as that of Henigfes (Compt. rend. 
1910, 150, 832). The oxidising medium is potas- 
sium permanganate and sulphuric acid, and the 
lormaldehyde is detected by the coloration 
produced by Scbiff’s reagent. This test is 
capable of being made quantitative by careful 
control of the conditions, and by comparing the 
colour produced with that arising from known 
amoMts of methyl-alcohol. This test has been 

Pharmacopoeia, 

which^ should be consulted details. The 
Deniges test will detect about 0-2% of methyl 
alcohol (expressed as a fraction of total alcohok 
pre^nt) and the U.S. Pharmacopoeia test aboul 

Chapm (J, Ind. Eng. Chem. 1921, 13 543 ' 
hy the introductioi 
sulphuric acid 

and the use of a standard Schiff’s solution pre 


pared according to the method of Elvove (ibid. 
1917, 9, 295). 

The Vousek test (J.S.C.I. 1900, 28, 823) uses 
chromium trioxide as the oxidising agent, and 
the formaldehyde is detected by the blue colour 
produced in the presence of an alcoholic solution 
of gallic acid. Alternatively, the use of morphine 
sulphate or apomorphine has been proposed as 
a colour test for the formaldehyde. Crystalline 
derivatives of formaldehyde may be used as 
means of detection, such as that with ^-naphthol 
(E. H. Huntress and S. P. MuUiken, “ Identifi- 
cation of Pure Organic Compounds,” Vol. I, 
New York, 1941, p. 24), or the compound formed 
between hexamethylenetetramine, obtained by 
the action of ammonia on the formaldehyde, and 
mercuric chloride. 

The Vivario test (J. Pharm. Chem. 1916, 10, 
145) depends on the oxidation of methyl alcohol 
to formaldehyde by hydroxylamine, followed 
by the formation of formaldoxime with excess 
hydroxylamine. Eormaldoxime on heating gives 
hydrocyanic acid, which may be readily detected. 

The Riche-Bardy method (Compt. rend. 1876, 
80, 1076) depends on the production of Methyl- 
aniline violet from the methyl alcohol. The 
alcohol sample is converted into methyl and 
ethyl iodide, which are separated and treated 
with aniline. The product is oxidised, and the 
dye extracted udth^alcohol. Ethyl alcohol alone 
gives a red dye, but the presence of methyl 
alcohol causes a violet tint to appear. Pieces of 
wool or silk floss may be dyed and compared 
with standard samples resulting from known 
mixtures of methyl and ethyl alcohols. 

For a rapid microchemical test, see Vol. V, 
302a. 

Estimation of Methyl Alcohol. — Although 
the above methods of detecting methyl alcohol 
in the presence of ethyl alcohol may be made 
roughly quantitative by comparison of the 
effects produced with those caused by known 
amounts of methyl alcohol, more accurate quan- 
titative methods are available. 

KreU’s method (Ber. 1873, 6, 1310) has been 
used in the British Government Laboratory for 
the estimation of methyl alcohol in wood naptha. 
It involves the conversion of the methyl alcohol 
into methyl iodide, which is distilled off and 
measured, AU compounds containing alkoxy- 
groups are converted to iodides by this method, 
so that the process cannot be used in the presence 
of esters or other alcohols. 

The estimation of methyl alcohol in form- 
aldehyde solutions is of commercial importance. 
This may be carried out by conversion of the 
formaldehyde into a non-volatile compound, 
distilling off the methyl alcohol, and estimating 
this separately. Suitable reagents for combina- 
tion with the formaldehyde are sodium bi- 
sulphite (Bamberger, Z. anorg. Chem. 1904, 17, 
1246) or sodium phenylhydrazinesulphonate, 
and many others. A suitable procedure is 
described by Gnebm and Kaufler (Z. angew. 
Chem. 1904, 17, 673). Alternatively, the form- 
aldehyde may be determined initially, for 
instance, by the hydroxylamine method (Broohet 
and Camhier, Compt. rend. 1896, 120, 449), and 
the mixture oxidised with chromic acid, the 
amount consumed being measured. The contri- 
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METHYL ORANGE, Helianthin, Tropse- 
olin D (V. Vol. II, 640^; VI, 426a). to acid 
solution Methyl Orange is bleached by tree 
chlorine but not by chloroamines, and may be 
used as a distinguishing test, e.g., in a treated 
water-supply (Besemann, Amer. Cbem. Abstr. 

1929,23, 792). t r. 

J. N. G. 

METHYL RED (v. Vol. II, 641a) is fre- 
quently used instead of Methyl Orange, especially 
for titrating ammonia (Tizard, J.C.S. 1910, 97, 
2489 ; Howard and Pope, ibid. 1911, 99, 1333 ; 
Lehmann and Wolff, ibid. 1917, 112, ii, 326). 

J. N. G. 

METHYL VIOLET, -AfelAyl Violet 2B, a 
triphenjdmethane dyestuff consisting chiefly of 
a mixture of the hytoochlorides of tetra-, penta-, 
and hexa-methylpararosanilines. Green powder 
with a metaOic lustre. It dyes violet shades on 
wool, silk, and mordanted cotton, and is used 
in the manufacture of inks. Methyl Violet has 
a limited application as an indicator for detect- 
ing strong acids in the presence of weak acids, 
the following colours being shown : pH —0-3, 
yellow ; 0, yellow-green ; 1, green-blue ; 2, blue- 
violet; 3-13, violet fades (E. B. R. Prideaux, 
“ Theory and Use of Indicators,” London, 1917, 
p. 349). 

Methyl Violet is an antiseptic, but for clinical 
purposes Crystal Violet is generally employed. 

J. N. G. 

••METHYLANOL" {v. Vol. VI, 226a). 

METHYLANTHRACENE AND 
OTHER SUBSTITUTED ANTHRA- 
CENES. 

Contents. 

Structure (p. 20c). 

meroAlkylanthraoenes; Preparative Methods. 

Eeview of methods (p. 22o). 

A. Addition Of alkyl (aryl) groups to anthracene 

and its derivatives (p. 22c). 

B. Addition of substituent groups prior to for- 

mation of anthracene ring (p. 31c;. 

C. Simultaneous introduction of aUcyi (aryl) groups 

and anthracene ring-ciosure (p. 23d). 

Transarmular tautomerism of 9-alkyl- 
anthracenes (p. 35a). 
Bz-Methylanthraoenes (p. 456). 


Anthracene Carboxylic Acids (p. 52o). 
Dianthracenes (p. 52c). 

Alkylanthracene Derivatives found in Nature 

(p. 52d). 

Literature References (p. 52d). 

STRUCTURE. 

The structural formula of anthracene has two 
similar benzene rings connected through a dis- 
similar central ring, on the properties of which 
the chemical behaviour and isomerism of the 
anthracene derivatives largely depend (c/. 
Antheaoene, Vol. I, 382). The central ring in 
anthracene can be regarded either as o-quinonoid, 
or as being ^)-quinonoid but possessing a bridge 
bond which is opened by addition or oxidation. 
The latter view is scarcely tenable on modern 
knowledge of strain, but is valuable in offering a 
simple mechanism for the reactions of anthracene 
derivatives by addition, which opens the bridge 
bond, to the present article its use is largely 
retained on this groimd; it must however, be 
understood that it is conceived as being merety 
a device to indicate the mean position of equili- 
brium between the two o-quinoid forms which 
are possible, for instance in a monosubstituted 
derivative : 


H 



to simple reactions of anthracene, for instance 
halogenation, the bridge bond is like an ethylenic 
double bond. Addition occurs, and then sub- 
stitution, and either halogen or halogen acid 
can be abstracted, the di- or mono-halogen 
anthracene being formed, with re -formation of 
the bridge : 


Cl Cl 


H 




«cuerany, aenvatives having the bridge bond 
or o-qumonoM structure are luorescentto S 
tion ; those havmg the p-quinonoid are not. 


The central ring, in acquiring two oxygei 
atoms by oxidation, can give rise to severa 
distinct stages between 9:10-dihydroanthraceni 



METHYLANTHRACENE and other substituted AN'THRACENES. 


21 


and 9:10-dioxonnthrnccnc or anthraquinonc. 
Eour successive stages of oxidation bo 

observed in practice, but at each of the two 
middle stages pairs of tautomeric forms arc 
obtained -wbere one member lias the o-quinonoid 

p-Quinonoid. 


and the other the p-quinonoid central ring. In 
addition, the dihydro-derivatives of the inono- 
and di-hj-droxvnnthraccncs make up in all nine 
types of'compnund between dihydroant hraccne 
and anthraquinonc inclusive : 

o-Quinoiwid or JBridge Bond, 

Ecdncllon. 



O 


0:10-Dioxoaiitlirnccno 

(Anthraquinonc).* 

O 



O-Oxo-lO-hydroxy-lO-liyilroantlirn 
ccnc (lO-lIydroxj'nnttirono, 
O-Oxnntlironc). 


OH 



OH 


OilO-Diliydroxy.tntlifnc'T.!' 

(Antlirnliytlns)ninoae). 



9-0.\o-10-liydro.anthraccnn 

(Anthronc). 


P-llydroxyantliraceno 

(Aiitlirnnol-O). 



9-Hydroxy-0:10-dihydronnthrnccno 

(Dlhydroanthranol-9). 



Anthracene. 



9:10-Dlhydroanthracono. 


Oxidation. 


9.p^sS;7^thraq&VtenuJ^^^ nnthranols are numbered with the oxyficn in th 

the literature areli^in parcnttt. necopted manner sliown above. Altcrm.tlvo name.s used 1 
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The series of anthracene derivatives obtained 
by substituting the central-ring hydrogens by 
alkyl or aryl groups, or the meso- or 9-mono-, or 
9:10-dialkyl-anthracenes, have properties dis- 
tinct from those in which the hydrogens of the 
external benzene rings are similarly substituted 
(Rz-derivatives). For any one alkyl group in a 
meso-position in anthracene there is one mono- 
and one di-substituted derivative, while for the 
Bz-derivatives there are two mono-, twelve di-, 
fourteen tri-, and sixteen tetra-substituted 
derivatives possible. Where both meso- and 
Bz-positions are substituted, larger numbers of 
isomers are possible. 

• The wftso-alkyl derivatives are the most 
thoroughly studied and are therefore discussed 
first. 

otmoALKYLANTHRACENES. 

The principal methods by which the ms-alkyl 
and -aryl anthracenes may be prepared are as 
follows : 

A. Where the suhsiituent group is added io a 
preformed anthracene ring. 

1. C-alkylation of reduction products of 

anthraquinone. 

2. Action of Grignard reagents on anthrones 

and anthraquinones. Preparation of an- 
thrones, and their properties. 

3. By Friedel-Grafts type reactions : 

{a) with anthracene and alkyl halides, 

(6) with anthracene and acid halides (or 
anhydrides). 


(p) from halogeno-antbracenes and re- 
active aryl compounds, 

(d) with halogeno-anthrones and aromatic 
compounds. 

4. The reactions of anthrones with aldehydes 
and unsaturated compounds. 

B. The substituent groups are added prior to 
forming the anthracene ring. 

1. From alkyl (aryl) benzylbenzoic acids. 

2. By reaction of Grignard reagents on 

phthahdes. 

3. Mscellaneous methods. 

C. Simultaneous introduction of substituent 
groups, and anthracene ring closure. 

(These methods will be discussed in turn.) 

A. ApnmoN or Adkyl {Aslyl) Gbotjps to 
AjJthbaoene and its Deeivatives. 

1. C-alkylation of Reduction Products of 
Anthraquinone. — Liebermann and his school 
studied extensively the reaction which occurs 
when anthraquinone is reduced with zinc dust 
and caustic alkah, and an alkyl halide of at least 
two carbon atoms added.^"- 

The first compounds formed by adding alkyl 
halide to the reduced alkaline solution are the 
lO-alkyl-lO-hydxoxy anthrones (I) ; under more 
vigorous conditions, however, further reduction 
takes place with formation of lO-hydroxy-10- 
alkyl-9:10-dihydroanthracenes (11), which easily 
lose water from the 9:10-positions to form mono- 
alkylanthracenes (III). 



The (I) series are also obtained by the Grignard 
method (u. p. 235) from anthraquinone, by keep- 
ing the latter in excess. The hydroxyl is readily 
replaced by chlorine by means of phosphorus 
pentachloride. They are readily reduced by zinc 
and ammonia to (II), while more vigorous 
reduction yields 9-'alkyl-9;10-dihydroanthTa- 
cenes. When R=allyl in (I), it is noteworthy 
that sodium amalgam preferentially reduces the 
double bond giving lO-n-propyl-lO-hydroxy- 


anthrone. 9-Methylanthracene is not available 
by this route, as the main product with methyl 
halides is anthranol methyl ether. 

Anthrones, when boiled with caustic potash 
and alkyl (aryl) halides react vigorously in the 
anthranol form and are alkylated to the 
10-alkyl(aryl)anthrones, but can also react 
further, both to introduce a second group directly 
attached to carbon and to etherify the hydroxyl 
group, so that four products are possible : 
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■\Vliilo (U) is of rarer occurrenre, (1), (HI), aiul 
(IV) arc plentifully observed, na the table below 
shows. 


Alkyl fu-onp. 
Methyl . . 

Ethj’l . . 

?i-Propyl . 
fsoAmyl . 
Benzyl. 


rrotliict. 

/(HI), (IV). 

•I (1). 

. (II). (HI). (IV). 
. (HI). (IV). 

. ( 1 ). 

. (IV). 

(I). 


Itofi-rcnrc. 
el. 1S3. lOT. Its 
2JJ, 5524 
eo. 193 
01 
01 

01. lOI. 219. 

212'. 219, 277 
219, 212». 2124. 
274. 271 


Oenernlly, pood yield-i an* eonfined In a f<'W 
re.apetils. such us luethyl iodide, ethyl broiiudc, 
iKuizyl chloride, niid bromolK'itrene. The Imt 
pener.allv pivea pood results; thus lO.jiheuyl* 
nnthroiie with phenyl luapneMum bromide 


O 



The monoalkylanthrones may bo reduced to 
9-alltylanthracene.s, and tho diallcylanthrones 
to 9:9-diall{yl-9:10-dili3’dronnthraccnc.s, but tho 
first-mentioned series can also bo used to pro- 
duce unsj'mniotrical 9;10-dintkjdnnthraccne,s b^* 
method A2, next discussed. 

2. Action of Grignnrd Reagents On 
Anthrones and Anthraquinoncs. — Hero the 
major reaction is normal in each caao, ono or 
both carbonyl groups, ns tho case niaj' bo, being 
converted to alkyl-carbinol groups in tho usual 
way. Thus anthrones yield 9-hydroxj'-9-nlk}d- 
9:10-dihydronnthraconcs, and 10-all:j'lanlhroncs 
yield 9 - hydroxy - 9:10 - dialkyl - 9:10 - dihj'dro- 
anthraccnes. Both can bo dohj.dratcd, uHuall 3 . 
in acetic acid solution by means of a little added 
hydrochloric or sulphuric acid, 3 ’ielding 9-nlkyl- 
or 9:10-dialkyl-anthraconc3 ; tho alkyl groups 
can also bo tho same or difforont.^^®. 

200, 201, 202, 228a, 228i:, 232, 238, 211, 211, 210, 251, 252, 
253a, 263i:, 256a, 258a, 259a, 200, 207, 272, 277, 300 

The reaction is, however, complicated by tho 
enolising effect of tho Grignnrd reagent, and tho 
anthranol so formed gives a magnesium- 
organic complex which only regenerates an- 
thranol with acid. It is usual to cmplo 3 . 2jl-3 
molecules of tho Grignard reagent to minimiso 
this effect, but it is worthy of note that tho 
enoUsing tendency is much diminished whon 
lithium phenyl is employed as tho roagont.^®^ 


XMgO R 





followed 1 ) 3 ' dehydration gives a (10% yield of 
9:10-diphon3'lanthrncono. Molh 3 ’l magnesium 
iodido or cth 3 'l magnesium bromide and 1:5- 
dichloroanthrono 3 'iold, after dch 3 'dration, a 
75% 3 dcld of l:5-clichloro-9-meth3'l- or -oth 3 ’l- 
anthracono.®®® Although tho l:5-diohloro-9- 
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hvdroxT - 9 - alkyl :9:10 - dihydroanttoacenes are 
stable enough to be recrystallised from acetic 
acid or alcohol and do not lose water on keeping 
in a vacuum desiccator, yet when dissolved m 
acetic acid it is only necessary to add a lew 
drops of mineral acid to cause the immediate 
formation and crystallisation of l:5-dichloro-9- 
alkylanthracenes. „ , . „ , , t. j 

Owing to the mechanism of this final dehydra- 
tion, which consists in the loss of the elements 
of water across the 9:10-positions, if alkoxy- or 
acj'loxy-groups are already present in the 10- 
position of the anthrones, then the alcohol or 
acid may be split off in the final step. This 
usually consists of the treatment with hydro- 
chloric acid in acetic acid solution ; the methoxy- 
group may then be replaced even by chlorine. 
Thus 10-methoxyanthrone with benzyl mag- 
nesium chloride gives a 9-hydroxy- 10-methoxy- 
9:10-dihydroanthracene which loses methyl 
alcohol to give 10-chloro-9-benzylanthracene.2’* 
Again, 10-acetoxy- (or benzyloxy-)>anthrone-9 
and its Bz-methyl derivatives, with methyl 
magnesium bromide followed by the dehydrating 
reagent, split off acetic (or benzoic) acid to give 
9:10-dimethylanthracenes.^*'“ 

Cases where the dialkyl-dihydroanthranols do 
not yield anthracenes but alkyl-alkylidene-di- 
hj’droanthracenes, owing to co-ordination effects 
of the a-chlorines present are discussed later in 
this memoir.®*^*' 

The enoUsation which reduces the yield with 
Grignard reactions from anthrones can no longer 
occur when I0:10-dialkyl(aryl)anthrones are 
employed as starting materials, hence good 
yields are obtained, but the products are 9- 
hydroxy - 9:10:10 - trialkyl(aiyl) - 9:10 - dihydro- 
anthracenes which cannot be dehydrated, but 
only reduced to the corresponding 9:10:10-tri- 
alkyl(aryl)anthracenes.2''<’ One of the 10:10- 
substituents may be a hydroxy- or methoxy- 
group ; the latter gives good results. 

The Preparation of Substituted Anthrones [of. 
Aktheone, Vol. I, 430). — ^The preparation of 
anthrones containing substituents is an essential 
step in building up a wide variety of ms-alkyl- 
anthracenes, and it is convenient to discuss the 
subject at this point. As anthrone and anthranol 
are unsymmetrical anthracene compounds, one 
substituent in the Bz-rings of anthracene can 
give rise to two isomers ; in the case of two sub- 
stituents in the Bz-rings, when these are sym- 
metrical, only one anthrone can exist, but when 
imsymmetrical there are again two isomers. 

Anthrone was first produced by reduction of 
anthraquinone by means of hydriodic acid 
and, later, more economically by tin and hydro- 
chloric acid or reduction under pressure with 
caustic potash and carbohydrates,^®® at low 
temperatures with aluminium and sulphuric 
acid,®^®^ or by means of alkaline'hydrosulphites. 
More recently catalytic reduction of anthra- 
quinone by hydrogen and nickel has been stated 
to give good results.^^^ Anthracene can be 
orifeed to dihydrodianthrone with acetic and 
nitric acids and the product reduced to an- 
throne.-®* There is also the method of reducing 
o-benzoylbenzoic acid by activated zinc and am- 
monia to o-benzylbenzoic acid, followed by ring- 
closure with sulphuric acid to anthrone,’®- 



II 
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w'hich in a number of cases is useful for con- 
firming constitution, as the 2'- and 4'-mono- 
substituted acids can only give single com- 
pounds when ring-closed, whereas the and 
5'-derivatives can each give mixture of two 
isomers. Similar rules apply when two sub- 
stituents are present. 

Properties of Anthrones . — The Bz-substituted 
anthrones have been prepared as pure single 
isomers by a variety of methods, largely by the 
work of the late A. G. Perkin and his col- 
laborators for hydroxyanthrones,^®® who found 
the method of boiling hydroxy- and alkoxy- 
anthraquinones with stannous chloride and con- 
centrated hydrochloric acid very useful, while 
E. de Barry Barnett and his school chiefly in- 
vestigated, and in great measure cleared up, 
various inaccuracies in the polychloro- and 
polymethyl-anthrones by various methods, such 
as the reduction and ring closure of o-benzoyl- 
benzoic acids ®®®’ ®®’’ by tin and 

hydrochloric acid,®®*- aluminium 

powder and sulphuric acid,®®®- ^®*’ ®®®“’ 
zinc and acetic acid, ®®®''- ®®®“' ®®®“ or stannous 
chloride and hydrochloric acid.®®®- ®’® Steyer- 
mark prepared Bz - 1 - hydroxy - Bz - methyl - 
anthrones,®®* and Zahn a further series of 
Bz-hydroxy-methoxy- and -hydroxy-acetoxy- 
anthrones.®’®’ ®®® 

The development of the chemistry of anthrone 
and anthranol was slow until K. H. Meyer *®® 
showed that Liebermann’s anthrone was a 
mixture of the two tautomers, and first prepared 
anthranol in a state of purity by acidifying the 
alkaline solution at low temperature. It passes 
readily into anthrone even on keeping, while 
anthrone is stable, and anthranol is at once 
oxidised in solution, even by atmospheric 
oxygen, to dihydro-dianthrone. The many 
doubts that existed previously owing to the 
varying behaviour of anthrone-anthranol mix- 
tures under different conditions was largely 
cleared up by the work of K. H. Meyer, whose 
methods enabled the composition of the equili- 
brium between the tautomers in any solvent to 
be determined. Thus the velocity of attaining 
equihbrium is in descending order in the solvents 
acetone, ether, chloroform, acetic acid, alcohol, 
benzene, and light petroleum. The equilibrium 
usually favours anthrone, but in acetic acid is in 
favour of anthranol. Solvents in which-only 
anthranols can exist are pyridine and piperidine. 

The chemical behaviour of anthrone and 
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anthrone, and acetic acid lO-acetoxyanthrone. 
Ammonia and amines convert 10-bromoantlirone 
to dianthrones,”* but primary arylammes yield 
10-aiylaminoanthrones by condensing m the 
p-position to the nitrogen. However, Bz- and 
ws-substituents e.vert a very powerful influence 
on this reaction, and even a Bz-2- or -3-metliyl 
group enables 10-arylamino-derivatives to_ be 
obtained with primary, secondary, or tertiary 
amines.185- am 

Bromoanthrone also reacts readily with 
resorcinol, with no condensing agent, to give the 
dihydroxyphenyl-derivative. 

Anthraquinones, with alkyl (aryl) magnesium 
halides, can give the hydroxyalkylanthrones, 
but they generally yield 9:10-dihydroxy-9:10- 
dialkyl - 9:10 - dihydroanthracenes (dialkyl- 
anthradiols),!!®' which can 

be easily reduced to the dialkylanthracenes, as 
they are strong oxidising agents. Variable 
yields have been reported, but for instance 2- 
methylanthraquinone gives with phenyl mag- 
nesium bromide a 95% yield of 9:10-diphenyl-2- 
methylanthradiol.^i®® Barnett only obtained 
a 50% yield of 9:10-diphenylanthradiol from 
anthraquinone,^*^ some anthrahydroquinone 
being formed by the reducing action of the 
Grignard reagent, which is a frequent source of 
loss. It may even be made to lead direct to the 
anthracene derivative, for 1 - chloroanthra- 
quinone when boiled with 4 mol. of phenyl 
magnesium bromide yields l-chloro-9:10-di- 
phenylanthracene, only traces of the diol being 
observed.®*'- Good yields have been obtained 
from several mono- and di-alkylanthraquinones 
and phenyl magnesium bromide, n-butyl ether 
being used as solvent.®®* An interesting special 
case occurs when lO-acetoxy-2-methylanthrone 
is treated -with magnesium methyl bromide, 
which causes some replacement of the 10-acet- 
oxy-group by methyl, in addition to the normal 
carbinol formation on the 9-carbon atom, so 
yielding directly a significant amount of 2:9:10- 
trimethylanthracene.®®® 

The dialkylanthradiols have a tendency to 
lose water from a 9 or 10 position and the a- 
carbon of the alkyl group in the same posi- 
tion. 
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The ^all^lanthradiols liberate iodine from 
potassium iodide and acetic acid, and are readily 
reduced to the dialkylanthracenes by zinc dust 


and acetic acid, by hydriodic acid and phos- 
phorus,*®- ®® or preferably with glacial formic 
acid, with or without sodium formate,*®® as 
this is a quantitative method for aU triaryl- 
carbinols : 

RgCOH-l-H COOH ^ RgCH-l-HaO-fCOj,. 

It is, however, of interest to note that 1:2:9:10- 
tetramethyl - 9:10 - dihydroanthraquinone - diol 
does not give the tetramethylanthracene on 
reduction with hydriodic acid, but the reduction 
proceeds to the limiting stage, the corresponding 
dihydroanthracene.®®® 

If the anthraquinone is kept in excess, only 
one carbonyl group reacts and the lO-hydroxy- 
lO-alkydanthrones are formed exclusively. 

3. By Friedel-Crafts, Type Reactions. 

(a) Between Anthracene and Alhyl Halides . — 
This reaction is of little importance. The only 
recorded examples are the condensation with 
cyanogen bromide and aliuninium chloride to 
give anthranyl cyanide,*®* and -with benzyl 
chloride and zinc dust to give 9:10-dibenzyl- 
anthracene.®*’ ®* 

(b) Anthrace7ie and Acyl Halides, Anhydrides. 
— ^Liebermann and his pupils obtained small 
3delds of anthroic acid from anthracene and 
phosgene, or at higher temperatures, 10- 
chloroanthroic acid, *■ ®- ** or from 9-chloro- 
anthracene and phosgene.®® 



Better yields are obtained with oxalyl 
chloride,*®®- *®® giving a mixture of anthroic acid 
and aceanthrenequinone, the latter being 
obtained in larger amount (60%) when alum- 
inium chloride is present, and yielding the 1:9- 
carboxylic acid on oxidation.*®® 

Malonyl chloride reacts similarly,*®®- *®® 
whereas diethylmalonyl chloride reacts in the 
Bz-positions.**® The reactions of benzoyl chlo- 
ride or, better, benzoic anhydride,®®®” -with 
anthracene have been studied in detail, first by 
Perrier, who claims to have prepared three 
isomers ®® ; later workers, however, fully 
described anthraphenone (9-benzoylanthracene) 
as the main product®®-®®- ®®®- ®®® with 9:10- 
dibenzoylanthracene as a second product. 
Phthalic anhydride condenses with anthracene 
in presence of aluminium chloride gi-ring what is 
most probably o-anthroylbenzoic acid.*®^- *®*’ *®® 
Slaleic anhydride condenses with anthracene to 
give a product to which Oddy®®® -wrongly 
ascribed the keto-acid structure (I) : 
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in. 

Even dichloroacetic acid (but not chloroacetic 
acid) undergoes this reaction to a small ex- 
tent, and the otherwise inaccess- 
ible anthronylacetic acid can be prepared by 
condensing anthrone with cinnamyl chloride and 
oxidising with chromic acid.®®^ 

(c) From Halogen Anthracenes and Reactive 
Aryl Compounds. — 9-Halogen-lO-phenyl- or 
9:10-dihalogen-9:10-dihydro-anthraccnes (where 
the Rz-rings may also he substituted by chlorine 
or methyl groups) react very readily with aiyl 
or heterocyclic compounds having a reactive 
nuclear hydrogen due to the presence of a 
powerful basic grouping, such as the p-hydrogen 
in dimethylaniline. The group may enter once 
with removal of halogen acid, or twice, and when 
the halogen is bromine it may remove halogen 
or halogen acid so that some monohalogen 
anthracene and anthracene itself are found in 
the products.®^®' Where Rz-substitutents 
(chlorine or methyl groups) are present, and 
alkyl or aryl groups in the 9-position, facile 
condensation occurs in many cases with di- 
mothylaniline, methylaniline, aniline, and piperi- 
dine, giving a large range of nitrogen-suhstituted 
dialkylanthracones, and the same reactivity ex- 
tends to the bromine atoms in co-bromomethyl- 
anthracenes, which can be prepared from methyl- 

or henzylanthracenes.^^sa, 232, 238, 262.1, 2626, 268, 

205,206, 267, 270, 274 Examples are : 


(d) From Halogen Anthrones and Aromatic 
Compounds. — ^The halogen atoms in mono- 
halogenanthrones are extremely active; thus 
bromoanthrone with resorcinol, in absence of 
any condensing agent, gives tetrahydroxydi- 
phenylanthrone (I), and phenylchloroanthrone 
reacts similarly, although with phenol, and with 
cresol it is said to be substituted in the carbonyl 
group giving O-aryl ethers (II).ii® Compounds 
of type (I) are also obtained by heating anthra- 
qninone with phenols, resorcinol, etc., and zinc 
chloride.®®’ 

O HO OAr 



O 

II 



V. 
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anthrone (II) (below).!^?''. This reaction also 
proceeds with Bs-iS-cMoroanthrones but faite 
with 1:8- and 4 : 5 -dichloroanthrones, with which 
the corresponding dianthiones ate the only pro- 


CPha 



ducts.^*® This is another example of the effects 
of Bz-a-substituents on the activity of the meso- 
hydrogens. 


PhCPh 




Barnett also found that 10:10-diphenylanthrone 
readily condensed with benzophenone chloride 
giving 9:9-diphenyl-10-10-diphenylmethylene- 
9:10-dihydroanthracene (111).^^“ The double 
bond in the latter was stable to reduction by 
zino-acetic-hydrochloric acid, to sodium and amyl 
alcohol, and to hydriodic acid and phosphorus. 

The reaction of aldehydes with antluone is, 
however, a very general reaction and also occurs 
under other conditions, such as in 82% sulphuric 
acid. There is also the complication that when 
the carbon chain of the aldehyde is of three or 
more carbons, there is a tendency to form a new 
benzene ring between the meso-carbon and the 
peri-carbon. This is manifested by Bally’s 
fundamental discovery of the benzanthrone * 

HOCH-CH:CH, 


-H„0 -H, 




OH 



“ sometimes known as l:9-benz- 
anthrqne. By tbe nomenclature of the nresent 
memoir it.woiUd be named 4:10-benzanthroue. It is 
nie-benzantluone, but the latter is open to 
objection as description of a ring as " nis-benz ” does 
express the fact that this benzene ring is fused to 
the system by three common carbon atoms. 


reaction. This is carried out by heating an- 
throne, or anthraquinone and a reducing metal, 
in 82% sulphuric acid, with glycerol.^^^ The 
reaction was elucidated by Bally and Scholl 
and explained as an aldol condensation of 
anthranol with acrolein followed by loss of 
water and dehydrogenation. 

The Bally-SchoU benzanthrone synthesis was 
checked by a new “peri ring-synthesis,’’ due to 
Scholl and Seer, by fusing phenyl- a-naphthyl 
ketones with aluminium or ferric chloride.^®® 
The benzene ring formation is encouraged by 
the 82% sulphuric acid, but it can be separated 
into a condensation and a ring-closure stage 
under certain conditions. It is to be noted 
however, that ajS-unsaturated ketones of the 
tjqie R'CO-CRiiCHRj may condense with 
anthrone by one of two possible mechanisms : 

(a) when R = H, generally b 5 f the aldol 
mechanism suggested by BaUy and 
Scholl, to yield a condensation pro- 
duct (I) and by ring-closure a sub- 
stituted benzanthrone (II) ; 

(b) when R is not hydrogen, by a Michael 
addition to the double bond giving a 
condensation product (HI) which on 
ring-closure gives the oppositely sub- 
stituted benzanthrone (IV). 


HO-CRCRpCHRj 



H CHRa'CHRpCOR 



Very frequently the group R^ is split off in the 
condensation. This possibility was first foreseen 
by Meerwein,^®® who indeed condensed anthrone 
with diethyl benzylidenemalonate 

PhCH:C(CO,Et)j, 
ethyl benzylideneacetoacetio ester 

PhCH:CH (COCHgl-COaEt, 
and benzylideneacetophenone 

PhCH;CH-COPh 

to yield the SEchael addition products, which, 
however, were in general too unstable for ring- 
closure to be carried out. The first was, how- 
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Monoarylplitlialides are prepared by reduction of 
pbtbal^bc acids, ;«■ and 

by the Friedel-Crafts reaction mth aromatic 
hydrocarbons they yield diarl 3 'phthalidesA^* - 



Diajylphthalides in which one aryl has a tertiary 
amino-group are often quantitatively obtained 
by adding a tertiary amine (with free p-position) 
to the phthahde (from the acid and acetic 
anhydride) ; when a m-hydroxy -tertiary 
amine is used, no condensing agent at all is 
required.®* 

Phthalic anhydride in some cases gives good 
yields of diaiylphthalides [e.g., diphenyl- (III), 
dimethyl-, diethyl- and dibenzyl-phthalides] by 
the Grignard method.*®* 

The £arylphthalides, when the ring is opened 
with alkalis, are readily reduced to the triarjd- 
methane carboxylic acids, which can then be 
dehydrated and yield monoarylanthrones.*®- 



O 


2. Action of Grignard Reagents on Phthal- 

ides.— The mechanism of this reaction has not 
been fully worked out. Two types of products 
are obtained : 



Type (A), R=aryl, give 9:9-diaiyl-9;10.dih 
anthracenes on reduction with sodium ama' 
TOth loss of water. If one Ar is hydrog 
further dehydration occurs, giving a n 
arylanthracene. ° 

Type (B), if the ring is opened by alkali 
tom anttocene derivatives by dehydi 
vath sulphuric acid, and again if one 
hytogen, dehydration occurs with fomati 
a phenylarylanthracene. 

With phthahde itself (Ar=H) three moh 


of the reagent, where R= methyl, ethyl, iso- 
propyl, benzyl,*®* and phenjd*** yield only 
t^e (B). The diol passes into the phthalane (B, 
Ar=H) very easily with dilute hydrochloric 
acid, except when R is phenjd, when the 
phthalane is formed only with difhculty. In this 
case 9-phenylanthracene is much more readily 
obtained by treating a benzene solution with sul- 
phuric acid. Monoarylphthahdes, being readily 
available, have been more fully examined, both 
(A) and (B) types having been observed.*®*- *®*- 
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Diphenylphthahde, with three molecules of 
phenyl magnesium bromide, gives type (B), and 
dehydration occurs with glacial acetic acid to 
give tetraphenylphthalane (B, Ar=R=Ph).*®® 
When, however, diphenylphthahde is added to 
a large excess of phenyl magnesium bromide 
type (A) is obtained, and this on reduction 
and dehydration yields 9:10-diphenylanthra- 
cene.*®* 

Phthahc esters act as dialkoxyphthahdes and 
give products of type (A),*®*- ®** the alkoxy- 
groups being simultaneous^ replaced by aryl 
groups. Shibata however, ivith methyl mag- 
nesium iodide and benzjd magnesium iodide, 
found that dehydration occurred with formation 
of methylene- and benzyhdene-dialkylphtha- 
lanes.**® When phenyl magnesium bromide 
was used the disthled product (m.p. 194-195°) 
was described as diphenylphenylenephthalane 
on the same lines, but Barnett has shown that 
this substance is diphenylanthrone,®*® the 
dehydration occurring either in the distillation 
or by means of the excess Grignard reagent, 
Phthahc anhydride acts as ketophthahde and 
gives type (B) products with methyl or ethyl 
magnesium hahdes **® and ivith phenyl or 
benzyl magnesium hahdes,*®® only two mole- 
cules of reagent being used in both these cases. 

The phthaloyhc esters react as arylalkoxy- 
phthahdes ; for instance, methyl o-benzoyl- 
benzoate gives type (A) with simultaneous re- 
placement of the methoxy-group,*®® and the 
ethyl ester behaves similarly.®*® 

The transformation of the products to 9:9- 
diphenyl-9:10-dihydroanthracene takes place 
as already mentioned. The jdeld is only 40% 
in the case of the ethyl ester, but o-benzyl- 
benzhydrol is also formed, probably owing to 
the reducing action of the Grignard reagent. 

3. Miscellaneous Methods. 

The Gwjot Compounds . — According to Haller 
and Guyot,*®* the methyl ester of triphenyl- 
methane o-carboxyhc acid, with phenyl mag- 
nesium bromide, gives the methoxy-compound 
(I). passing into 9:9:10-triphenyl-9:10-dihydro- 
anthracene with dry hydrogen chloride.*®® 
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Bamctt. Cook, and Nixon, by obtaining tho 
same compound whether tho methyl or cthj’l 
ester was used, have shomi that (I) is reall.y Ihc 
carbinol and not tho methyl cthcr.=^o ^ 

The Guyot schooP^®- 1*® employing their 
remarkable series of dialkylanilinc derivatiyes, 
prepared the 9-dialkylanilinophcnyl derivatives 
of 2-dialkjdaminoanthrncono. 

Action of Oriejnard Jkagents on Kclonts.— 
Tho o-aryloylbcmr.oic acids react normally with 
Grignard' reagents, and tho resulting iVobcnr.- 
furan may bo reduced to tho triatylmcthano car- 
boxj’ho acid and c^'cliscd to tho anthrono : 


,COAr 


-COOH 




l, 

O 

(X= Me, halogen. Ar-^l 1 

\/ 


Thus, the ease where Ar=p-tolyl, R'-n/ctohexyl 
{X=Me or halogen) has rcccntlj' liccn de* 
scribed,-®® yielding 10 • cyctohexyl - 2 • methyl - 
enthrone, reduced by zinc and ammonia to the 
9-hydroxydiliydroanthraccnc, which was de- 
hydrated by acetic anhydride to 10-cyclohexyl- 
2-methylanthrnccnc. 

9:9-Diaryl- or alkylaryl-9:10-dihj'droanthrn- 
cenes are obtained by commencing with o-bcnzyl- 
phenyl aryl ketones, and treating these with a 
Grignard reagent to yield benzylphcnyl diphenyl 
carbinols, which can bo cycliscd with acetic- 
hydrochloric acid. 





The case Ar=Ph, R=»-anisyl has recently 
been described.®®® 

Similarly, o-dibenzoylbenzeno, w'ith phenyl 
VoL. VIII.— 3 


mn.gncsium bromide, yields 2-bcnr.oj‘ltriphcny 
carbinol, yielding diphenylanthronc at ,'100'’.**® 

Ph Ph 



BrniDhcr ticacribes a unite to nlkylanthra- 
ccncs which has novel fentun'’'. o-Kcnryl- 
iH-nzonitrilc, prep.vnd by heating 2-chlora- 
diphcnylnu'thnne with rniiroim cynnid", u.acts 
with methyl mngrK'‘>iiiin iodid'-, giving o- 
iK'iizylncctophcnonc. 1'he latt'^r, on long Ij-uling 
with acetic and hydmbromic acids, gives SO'),', 
yields of 9-nu’lhylnnthrnccnc ; similar rrnilts 
au' obtained when the Grigimul reagent is 
jirt'pared from ethyl iodide atid IkmizvI chloride, 
giving ti-cthyb and O-lH-nryl-anthraeone. The 
rlehytimtion is jirobably pnweded liy cnoli'<a- 
tion : 





CN 

\cH.Ph 



COCHjR 


'\CHjPh 




R-H, Me. Ph. 

C. St.Mfi,T.\M;ot;,s iNTnonucriox or Ai.kyi. 
(.Anvi.) Gnour.s and Axtiiiuoksi; Kik(! 
Cr.osu«r.. 



It was noticed by I'riedel and Crafts that 9- 
phenylanthracono was a by-product in the 
prejmration of triphcnylmothano from chloro- 
form, benzene, and aluminium chloride. 

This reaction was subserpiontly discussed by 
Linobnrgcr ®®; it is similar to tho formation of 
anthracene from diphonylmcthano.*®® 

Tho mechanism of tho last reaction, however, 
is still obscure, ns Barnett has ahown that the 
conversion (l)-(II) does not occur with alumi- 
nium chloride in carbon disulphide solution, 
onl3' 9:10-diphenj’lanthrnceno being formed, 
although ^ 9;9-diphenyl-9;10-dihj'droanthrncono 
rcadilj' splits off benzene in similar circumstances 
to jdcld 9-phonjdanthraccno.®'‘® 

Ethjdideno dibromido or dichlorido, or bromo- 
othj'Ieno, reacts with honze.no or toluene and 
aluminium ehloride to j’iold produots originalK’’ 
considered to bo n;10-dimothyl-9:10-dihydro. 
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anthracenes.^ but shown by Barnett "28'’ to be 
9;10-diinethylanthracenes, because they are 
identical with the product obtained by methyl 
magnesium iodide on 10-methylanthrone ; mis 
product also forms a picrate, which dihydro- 
anthracenes do not. 



I. 


II. 


A number of reactions occur in which anthra- 
cenes, including alkylanthracenes, are formed 
directly by the action of simple acid condensing 
agents on aromatic substances iii which the 
necessary reactive groups are already present. 
Thus the dimer produced by Ewins from 
homopiperonyl alcohol was more simply pre- 
pared by Robinson,^®® and its constitution 
shown to be dimethylene-2:3:6:7-tetraoxy-9:10- 
dihydroanthracene (I) as Ewins suspected. 

Homoveratryl alcohol gives the same reaction 
with equal ease, affording (II),®®® and when 
veratrol is treated with formaldehyde and 60% 
sulphuric acid, a theoretical yield is obtained. 

It is remarkable, however, that (II), on treat- 
ment with 40% nitric acid, does not oxidise to 
the anthraquinone, but opens the ring and 
nitrates to a dinitrodiphenylmethane derivative. 




MeO 

MeO 


+ 


CHj.O 


In the case of isosafrole, the anthracene for- 
mation may occur by hy^ation of the double 
bond and loss of water, (III) yielding the 9: 10- 
diethyl derivative of (I), which should exist in 
cis- and trans-forms, and two apparently distinct 
isomers have been observed melting at 145° 
and 95°,227 the latter being converted to the 
former by distillation.'^®® 



tso-Eugenol imdergoes a similar transforma-, 
tion and the product has been shoivn by R. D. 
Haworth and Mavin,^’® to be (IV). 



MeO'^^X^\CH:CHCH3 





RCHCHg 
V. 

(Not reactive.) 

On the other hand, anethole (V) gives no anthra- 
cene derivative by similar treatment. 
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Tkausannular TAUTOMERrsM* OF O-Alkvl 
Anthbaoenes. 


The clarification of the nnthrnnol-nnthrono 
tautomerism by the researches of K. H. J[c3-or 
and his pupils, referred to above, and the sup- 
porting evidence of a similar tautomerism 
between 9-aminoanthracene and 0-imino-9:10- 
dihydioanthraceno (I-II)» Rfi Barnett 

and his school to investigate and amply demon- 
strate the corresponding tautomerism between 

9- methjdanthraccno and 9-mcth}’lcnc-9;10-di- 
hydroanthracone (III-IV). TJie common factor 
in these related changes of constitution is the 
movement of a hydrogen atom across the 9:10- 
positions of the central ring, hence named bj’ 
Barnett “ transannular tautomerism." 

Eirst evidence of a similar tendenej’ in 9- 
methjdanthraccno derivatives was .shown b^- the 
preparation of a dibromo-compound (VI) from 

10- methyleneanthrono (V), which was cquallv' 
well obtained bj' hlej’cr from lO-mcthjdan- 
(hranol-O.mcthi'lcthcr (VII), so that it.s 
constitution must bo that shown. 


NH. 



H 


I. 


NH 



Barnett first studied the behaviour of bromina- 
tion of 9-alkjdnnthracenc.M. fi-^Icthjdanthrneenc 
gives with one molecule of bromine the 10- 
bromo-O-meth^danthraccne, probably !>}• the 
addition of bromine and .splitting oil' of hydro- 
gen bromide, ns shown, and a second molecule 
of bromine yields a dibromo-compound which 
mu.st bo the l()-bromo-9-bromomcthylanthra- 
cone, ns one of the bromines i.s verj' reactive and 
j’iclds ncetoxj*- and hydroxv-dcrivntives. Henci- 
it is considered to bo (VIII), and not (IX), 
because the bromine atoms in the latter would 
be identical in n-actions, and it would yield 
metln-loncanthrone on hj'drolv.sis, instead of 
which it give.s the hydroxy-compound (X). The 
mechatn’sm of broinination is most probabU' 
explained bj* the 10-bromo-9-mcth}danthracene 
first formed tautomerising to lO-bromo-9- 
mcth3*lene-9;10-dih\‘dronnthnicene, the batter 
then adding bromine to the double Irond ami 
undergoing tran.sanmdnr loss of Imlrogen 
bromide. In addition it formsn monopyriditiium 
salt, which cmdd not be exjilnincd on (IX), but 
is clear in (\TIJ), owing to the neti\‘e iu-brominc 
atom."*^'' 







.. ’ , recommended tlint the wc 

oricfnnTnnmi^*^ 1 ’’G substitutcd, but Barnet 

original nomenclature lias been retained in this menu 



fi-Elhyl-, -wpropyl- and -mamyl-anthracencs 
do not yield dibromidcs of this type, but oxec.ss 
brommo in all cases (except O-mcthylanthracone, 
winch gives a hexabromo-compound) vields 
pentabromo-dorivatives, which on treatment 
with caustic potash j’leld tribromo-D-alkyl- 
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anthracenes; two of the bromines are in the 
2:3.poBitions and the third in the 10-position : 

Br Alkyl 


Alkjd 




,Br 

Br 





However, 9:10-dimethylanthracene 3delds 9:10- 
di(bromomethyl)anthracene, giving a dipyridin- 
ium salt, and lO-phenyl-9-methylanthracene 
yields 9-bromomethyl-lO-phenylanthracene.^^®' 
Influence of Bz-chloro-substituents. — ^The 
researches now extended to the Hz- chlorinated 
9-alkylanthracenes, where the effects of the a- 
chlorines were already known to be powerful. 

9- Methyl-l:5-dichloroanthracene gives a mono- 
bromo-compoimd in which the bromine is 
attached to the methyl group and not to the 10- 
carbon. This would be expected, because the 

10- hydrogen is already to some extent protected 
by co-ordination ivith the 6-chIorine atom, 
according to previous knowledge. The bromine 
of the bromomethyl group is very active. 
It jdelds 9-alkoxymethyl-derivatives by heating 
with the corresponding alcohols, and the 
acetoxymethyl compound with sodium acetate. 
It also yields a dimethylaminophenyl derivative 
with dimethylaniline, and apyridinium salt with 
pyridine. It can have either the methylene- 
dihydroanthracene (I) or the bromomethylanthra- 
cene structure (II), but the former would 
probably be colourless, and as the substance is a 
bright yellow, this points to (II) for the solid 
form. 


regenerates the same acetoxy-compoimd with 
acetic anhydride in pyridine. But if the bromo- 
compound is delicately hydrolysed with aqueous 
acetone and calcium carbonate, a hydroxy’^- 
compound is obtained, melting at 133-134°, 
unchanged by recrystaUisation, and depressing 
the melting point of its isomer, showing that it 
is different in structure. On the other hand, 
by acetylation the same acetyl compound, m.p. 
149°, is regenerated. The two hydroxyl de- 
rivatives aho regenerate the bromo-compound 
with hydrobromic acid, but they give with 
phenyl isocyanate two different phenylurethanes, 
one melting at 179° (from the hydrolysed 
acetate), and the other at 193° (from the 
hj'drolysed bromo-compound). The latter is 
colourless, the former yellow.®^® Consequently 
the tautomerism of the bromo-compound 
(I ^ II) is established, and it seems most Ukely 
that the colourless compounds possess structure 
(I) and the yellow compounds structure (II). 

l:5-Dichloro-9-ethylanthracene gives a similar 
series of derivatives, the presence of the chlorine 
atoms enabling the a-caxbon to be brominated. 

Cook had already shown that 9-benzylanthra- 
cene resembled 9-ethylanthracene in giving the 
lO-bromo-compound by bromination,®^®' but 
again, with l:5-dichloro-9-benzylanthracen6 the 
behaviour is different. Here again two series, 
of yellow and colourless compounds, are ob- 
tained, which clearly could be defined as before 
by the tautomerism (I ^|n). 


or 


PhCH 


II Cl 



I. 


PhCHX 
I Cl 



II. 


X=Br, OH, OAcyl, OAlk, NH.-CsH,, 
NLCH^]^. 





However, in its reactions it is shown to behave 
as two different substances. The acetoxy- 
compound above, m.p. 149°, can be hydrolysed 
to a hydroxy-compound, m.p. 139°, which 


When the transformations of the monobromo- 
compounds to the derivatives are kept neutral 
by calcium carbonate, except where sodium 
acetate is used for a short heating in acetic acid, 
the resulting derivatives are colourless, but all 
of them are easily changed over to the yellow 
varieties by carefiil treatment ■with acids ; both 
the yellow and the colourless hydroxy-com- 
pounds give the same original bromo-compound 
■with hydrobromic acid. In the case of the 9- 
methylanthracenes and the corresponding 1:6- 
dichloro - derivatives, an isomerisation un- 
doubtedly takes place first, although ' the 
hycfroxy-compounds give the same acetoxy- 
derivative. Thus formula (I— II) would demand 
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the transnnmilar migration of the group X. 
Barnett was at first inclined to regard this ns 
unlikely, and thus was led to propose an eiulo. 
cyclic structure =3® for the colourless compounds 
tini recalling earlier suggestions for anthracene 

derivatives '"V- i T' 

doubted endocyclic types later discovered b\ 
addition of maleic and other acids to anthracene, 
Avhere, however, the endocyclic ring contains 


one more carbon. The alternative' view of 
ISO, 21 S that (I=iII) 'vns flic correct 
interpretation, and that tlie facile change of a 
derivative of typo (1) to one of type (H) could 
occur by tission of the group X, and ds 
in tho new position. Cook cnnsidcrcil Innt flic 
bromine in Bnniett’s pror-oscfl endocyclic type 
(111) would bo less active than is the case, tlio 
constitution thus being rendered unlikely. 


Cook. 


PhCH 


II Cl 




Barnett. 


Brj 


Y 


H PhCHBr 



H Br 


PhCH 



Colourless scries. 
(Ckiok.) 


PhCHX Cl 



Yellow scric.s. 



Colourless Boric.s. 
(Barnett). 



Barnett. 


Free radical. 

PhCX 

il c 



IsonuTisation 


Phdx Cl 




Cl 





Tho proof of the correctness of the second view, 
and that alkoxy-groups could indeed migrate 
across tho ring, came later."’®- Thus if the 
endocyclic structure is correct, l-chloro-9-(I) 
and 1-chloro-lO-bcnzylanthraccno (II) should 
yield the same bromo-compound. 

Cook showed "‘‘® that (I) and (II) behaved 
quite differently on broraination, tho former 
giving mostly tho lO-broraobcnzylidcno typo, 
which could be converted to both colourless and 
yellow types of derivatives ; tho latter yields a 
bromo-compound which gives only yellow-type 
derivatives. In this case tho movement of 
groups into the 9-position is probably hindered 
by the 1-chlorine atom, and tho oi-bromo- 
compound is the stable form in this case, just as' 
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in the former the l-chlorine atom renders the 
lO-bromobenzylidene type the stable tautomer. 
The proof of the migration of O-alkyl groups 
was supplied by Barnett and Cook (l.c.). 
Thus, colourless l;5:dichloro-9-hydroxy-10- 
methoxy - 10 -phenyl-9 - methyl - 9;10 - dihydro- 
anthracene (in which no free hydrogen atoms are 
present to complicate the isomerisation), on 
treatment with methyl- alcoholic hydrochloric 
acid, is converted into a greenish-yellow 
fluorescent substance, l:5-dichloro-9-(methoxy- 
methyl)-10-phenylanthracene, m.p. 154°. 



R=Me, Et. 


This proves that the O-alkyl group can wander 
from the 10- to the ai-methyl posiition. If 
ethyl-alcoholic hydrochloric acid is used, the 
migrating group becomes ethoxymethyl. 

The accepted isomerisation is therefore ex- 
pressed in the scheme : 


RCH 



Colourless, 


Yellow. 


actions of the a-phenylalkyl systems investi- 
gated by Burton, 

PhCHR-CH:CH» PhCHiCH-CHjR, 

where the mobility of the anion R 
(Br>OAc>OH,OR) 

follows exactly the same order as in the com- 
pounds here discussed. Eurther, the ionic 
h 3 rpothesis is supported by the fact that the 
presence of hydrogen ions favours migration of 
hydroxy groups (as in the experiment just dis- 
cussed), i.e. (I -5- 11) (e.p., conversion of colourless 
hydroxy-compounds to the yellow form by 
mineral acid), while hydroxyl ions favour the 
movement of hydrogen (as,* for instance, in all 
anthrone -> anthranol conversions) exemplified 
by Cook’s experiment in which l:6-dichloro- 
lO-hydroxy-9-benzylidenc - 9: 10 - dihydroanthra - 
! cene (I) is converted by boiling caustic soda 
1 solution into l:6-dichloro'10-benzylanthranol 
(III). 

PhCH-OH PhCH 

H- 


II. I. 



Cl OH 
III. 




Cook has advocated the theory that ionic dis- 
sociation in solution occurs prior to any trans- 
formation, and points out analogies to the 
simplest three-carbon systems investigated by 
other workers, such, for instance, as the re- 


Bamett points out that the same efieots 
could be produced by hypothetical addition of 
the elements of water across the 9:10-positions, 
followed by splitting off water from the cs- and 
adjacent positions, or vice versa : 


9:10-addition 


Me 

i 

X X 

I 

Ph 

Yellow - 


HO Me 

Ph H 


CH, 


X X 

X \ 

Ph H 

Colourless 


9;w-fission 


9:to-addition 


PhCH 


X X 

^ "oh 

Colourless — 


H PhCHOH 
X \ _ 

H bH 


PhCHOH 

I 

X X 

I 

H 

Yellow 


9:10-fission 



methylantheacene and other substituted anthracenes. 
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Extending the investigation to l:4-dicliloro-9- 
benzylanthraccne,-®"'’ Barnett lound similar 
results, bromination gi\'ing a stable 10-bromo- 
derivativo of the benzylideno structure, which 
yields colourless derivatives under neutral con- 
i^tions, and a yellow acotoxy-derivativc in 
acetic acid; the colourless derivatives arc 
changed to the yellow by mineral acid under 
mild conditions. 

Meanwhile it was shown that the chlonno 
atom in ji-cldorobcnzylnnthmccnc is not sufii- 
cient to create the necessary mobility, ns the 


monobromo-dcrivntivo is unrcactive.^s-' and in 
l:5-dichloro-9-jJ-chlorol)Cnzylantlimccno the be- 
haviour was identical with that of l;.T-dicliloro- 
9 -benz 5 'lnnthrnccnc, so that the ;;).chlorino atom 
has no influence at all. 

The case of the 1:8- and •li.'i-dichloronnthrones 
and their alkyl derivatives is interesting, ns it 
is complicated by the effects of the a-chlorincs 
on hydrogens iii the adjacent wc.m-po'iitions. 
Tins effect in one of the cases to be eon«idcred is 
enough to prevent transnnnular loss of water 
in the cnrbinols arising from Grignanl reactions 





on the alkylanlhroncs, and instead, water- 
splitting occurs from the 9-hydrogcn atom and 
the a-hydrogen of the nlkj’l group on the same 
position. 

The two unthrones mentioned were first 
alkylated by means of caustic potash and benzyl 
chloride to the lO-bcnzylantlirones (I, 111), 
and the latter treated cither with magnesium 
methyl iodide or with magnesium benzyl 
chloride. This resulted in the two dihydro- 
anthranols (II) and (IV) (R = H, Ph). 

In the case of (IV), the 4- or /i-chlorinc atom 
immobilises the 10-hydrogcn, and water is thus 
split from the only other available position, viz. 
the 9-a-hydrogcn, giving the alkylidenc deriva- 
tive (VI), which is identified by its oxidation to 
the original enthrone (HI). In the other case, 
transannular loss of water occurs because a 
yellow fluorescent solution is obtained when the 
usual dehydrating agent, acctic-hj'drochloric 
acid, is used, but this very quickly tautomoriscs 
to an alkylidene derivative also, identified by 
its oxidation to the same anthrone, (III). The 
fact that the alkylidene form is the stable one 
in this case is probably also a co-ordination 
effect, as the 1- or 8-chlorino atom, by im- 
mobilising the hydrogen on the 9-position, can 
greatly hasten the conversion of the dialkyl- 
anthraceno tautomer to the alkylideno-alkyldi- 
hydroanthracene.2''2* 

Barnett found that the two very closely 
related substances (IH) and (VI), obtained by 
the synthesis shown below from l:5-dichloro- 
anthrone, showed little or no tendency for 
tautomeric change on long heating with acetic- 
hydrochloric acid. 


This is again probably ilue to the fi-ehlorine 
atom so immobilising the 10-hydrogen that the 
nlkvlideno forms shown are stable.*^*' 




HO 


CHjPh 


H \Hj-CeH,Cl-p H ^Hj-CeHiCl-ji 


I. 

CHPh 

II 

-C. 


H CHj-CjHtCl-;! 

III. 

HO CHa-CgHiCl-j) 

H CHoPh 


II. 


/CO^ 
X X 


H 


"^Hj 

IV, 


Ph 


CH-CjH,Cl.p 

II 

x^% 

'X 

H 


CHaPh 


V. 


Vf. 


X^CoHaCl-o. 



40 


METHYLAI^THEACEI^E OTHER SUBSTITUTED AHTHRAOENES. 


The co-ordination effects so clearly 
strated in the derivatires of 4:5- 1:8- 

dichloroanthrones were careMy developed in 
as complete a manner as possible by Barnett and 
his school. One method was by examinn^ e 
behavionr of the nnstable bromme addition 


products of l:8-dichloro- and 4:5-dicliloro-9- 
alkylanthracenes. Thus the l:S-series give as 
the* stable product the lO-bromo-9-aIkylidene- 
9:10-dihydroanthracenes (I), while the 4:o-series 
give the 9-£o-bromoalkylanthracenes (II) : 



The bromine atom is in each case repelled as 
far as possible from the a-chlorines, and the 
latter binds either the a-hydxogen in the alkyl 
group in (I), or the 10-hydrogen in (II). The 
wandering of a bromine atom in the latter case 
is a remarkable phenomenon; it was already 
noted in the similar case of l-chloro-9-benzyl- 
anthracene, investigated by Cook, in which case, 
however, both forms are isolated and there is 
no tendency for iuterconversion, probably 
because of the geometrical configuration of the 
dibroniide.-^® 


PhCHo Cl 



groups are not mobile, as they are stable to long 
heating with acetic-hydrochloric acid. 

Further illustrations of the influence of the 
a-chlorines follow. 

Whereas 10-hydro3:yantlirone enolises im- 
mediately to anthrahydroquinone, even on 
heating with water, this is scarcely affected 
by chlorine at 1- or 8-positions, or both, but 
profo\mdly hindered by chlorine at 4- or 5- 
positions, or both. 10-Phenylanthrone, when no 
co-ordinating chlorine is present, -behaves 
normally, enolising and giving an acetate; on 
treatment with Grignard reagents it gives di- 
hydroanthranols, which suffer transannular 
dehydration to alkylphenylanthracenes.-°‘' 

With two chlorine atoms in positions 1 and S, 
similar properties are exhibited, resulting in 
formation of l:S-dichloro-9-benzyI-10-phenyl- 
anthracene or the like. 



The bromines in both (I) and (H) are reactive 
and can be replaced in the usual ways, the 
dOTvarives of (D being colourless and those of 
(U) yellow and fluorescent, but the substituent 


The isomeric 4:5-dichIoro-10-phenylanthrone, 
however, behaves very differently. It gives no 
^etate, and the dffiydroanthranol obtained 
from it with magnesium benzyl chloride de- 
hydrates in the 9:w-positions to give 4:6- 
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dichloro - 9 - Lenzylidcnc - 10 - phciwl-9:10 - cli - 
hj’-droantliraccnc. 


PhCH 


With single chlorine aloins present, the 1- 
chloro-lO-phcnylanthrono is not afTcclcd, and 
eventually gives by the above normal pro- 
cedure l-chloro-9-bcn7.yl-10-phenylnnthrncene. 
Tlie isomeric 4-chloro-lO-phenyianthrone is a 
co-ordinated compound, and therefore can yield 
the 4-chloro-9-bcn7.ylidcnc-10-phenyinnthmc<uio 
by 9-tu-dch3'dration of the diln'dronnthrnnol, 
but owing to the unsaturated nature of the 10- 
phenj’l grouping adjacent to the co-ordinate 
link, it is also sufTicicntlj- neutralised to make 
possible the anthracene bridge-bond formation 
bj' transannular dehydration, so that both forms 
are here obtained,"^'’ and the case is similar to 
that of l:5-dichloro-10-phcnylnnthronc.*“ 

l:8-Dichloroanthronc, by condensation with 
benzyl chloride, j'iclds onlj' a motiolK'nzyl 
derivative. Although in the present discussion 
no grounds e.vist for the hope, it was thought 
that lO-o-chlorobenzj’lanthrone might be all 
that would bo produced from anthrono and o- 
chlorobenzjd chloride, thus showing a co- 
ordination link duo to chlorine orlho to the 
benzyl group. Strangely enough, the reagent 
yields 1:8 - dichloro - 10:10 - di - o - chlorobenzjd- 
anthrone, and the matter was not fvirthor 
pursued. 2''®“ 

l:G-Dichloroanthrono gives onlj’ a mono- 
o-chlorobenzyl derivative, ]:G-dichloro-10-o- 
chlorobcnzj’lanthrone, but it is impossible from 
the properties of this substance to reach a 
definite conclusion that the C-chlorino prevents 
the reaction of the second molecule of bcnzjd 
chloride. The compound docs not acetylato bj' 
the usual pyridine-acetic anhydride method, 
even on refluxing, but the reaction proceeds bj' 
addition of alcohol. Erom the red colour pro- 
duced by alkali, it is suspected that the 10- 
hyckogen is reactive in an unexpected way, 
both in l:5-dichloro-10-bcnzylanthrono and in 
l:6-diohloro-10-p-chlorobenzylanthrono.-®-‘'’ 

4:5-Dichloroanthrono gives also a mono-o- 
chlorobenzylanthrono which, ns expected, gave 
no coloration with alcoholic alkali and could 
not be acetylated. 1:8 -Dichloro- and 4:5- 
Qichloro-lO-alkoxyanthrones are readily pre- 
pared by heating the corresponding bromo- 
antmones with an alcohol in presence of calcium 
carbonate. Both onolise in cold alcoholic alkali, 


and both acetylato easily, the reaction being 
more rapid with the l:S-dichloro-rompmmd. 
This is clcarh' duo to the unsaturated cliarnctcr 
of the nlko.xj--group lowering the potency of the 
co-ordinate link between the ?n?.*o-hydrngcn and 
the -1- or 5- chlorine atom.-'’''' 
B:-Chloro-10-nitronnthroncs are readily pre- 
pared b\' treating the corrc«ponding antbranyl 
acct.atcs with nitric acid in acetic acid ."olu- 
tion.-'*®’ B.v treating the /l:-rbloro-10-nitro- 
nntbroncs with pyridine-arctic anhyilride at 
ordinary temperature, the 10-nitroanthranjd 
acetates arc obtained rapidly, provided no 
chlorine is prc.sent in the -1- or 5- po4i(ions. 
Thus nc«,'tntcs arc readily prepared from 10- 
nilroatitlironc itself"®'* and from I-, 9- and 
3-cbloro-ll)-nitroanthronc.‘i. but not from 4- 
ehloro-, or 1:5- or-l:-’i-dichlnro-10.nitr<jajithroncs. 
The last compotinrl, whieli is tinrh.angcd in 
17 hours at ordinary temperature, gives an 
nncxpertcrl result ; afl the c>ther i\itroanthronc-< 
exnmiiHsl until now sufi'er exteniUM’ dreompo- 
sition with jn'ridine, and acetylation in preicnec 
of this reagent is fi-.a-silfie onh' Is’causc the 
reaction is rapid and tisuallv tomplcte in tlirc" 

! minutes. No ncs-tato was obtained from 1:S- 
dicblortj-lO-nitnjanthrone in spite of the nb umw- 
of chlorine in -1- or 5- positions, which mc.vns that 
no co-ordinate link can Ik: formed. I’ostibh' 
storic hindrance is responsible, the h.S-chlorincs 
protecting the 9-hydroxyl so that the decom- 
position i).v j>,vridinc is the main reaction. 

Influence’ of Dr-Mclhyl Substituents. — 
It was not exjM’ct< (l that e.-tnclliyl groups woultl 
have a aimilar influenct' to c.-rhlorinc atoms iti 
jiromoting co-ordination eflVets. However, in. 
bronin.l:-l-dimoth\danthrom) easily \-ields a 10- 
melhoxj’-compound.*®® and reads with ba.M-s 
(piperitline. aniline, mdhylaniline, and dimcthjd- 
aniline) with formation of nifrtigenons rleriva- 

Tho lO-bromo-compotmd easilc* undergoes a 
I'Vicdel-Crafta reaction with benzene, and tho 
rc.sulting H-t-diinethyl-IO-jdienylant Krone gives, 
by a Grignard reaction with magnesium methyl 
iodide or mnguesium iH'U/.yl cldnride. dih.vdro- 
aufhrnnols (not isolated), which bv cntalylie 
reaction of li^’drogen ions do not sulfer trnns- 
annular dehydration, but nlkjdidene formation 
occurs, giving colourless, non-lliiorescent com- 
pounds, identified In’ oxidation bad: to l:-t- 
climcthyl-10-phcn\'lantlironc. 

The formation of an alk^didene coinpotmd is 
not posail)Io when tho inethj’l or hen7.3’l group 
is replaced by phenyl ; water is tlicn split off by 
tho normal transannular method, and the 9:10- 
diplicn 3 ’l-l :4-dimolh3’laul liraceno results. I’tir- 
tber, 9-bon7.3’lidono-10-plienyl-l:4-dimeth3-l-9:10- 
dihydroautliraccne, on heating with acolic- 
h 3 ’drochloric acid, gives a yellow, strongly 
fluorescent substance, but this was not obtained 
in good cryatallino form. 

The l:4-diincth3’l-9-alk3’lanthrnconoa (all: 3 ’l 
=mctli 3 '], phon 3 ’l) nro obtained in the usual wa 3 ' 
from l:4-dimcthylanthrono. Tho l:4-dimcthyl- 
9-benz3danthracono gives a monobromo-com- 
pound wliiob affords colourless, nou-fluorcscent 
compounds with piperidine and with methyl and 
ethyl alcohols. The latter lautomoriso in acid 
solution to 3 ’cllo'W fluorescent substances which 
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do not crystallise in a pure form, but on 
analogy ndth the 1:5- and l:4-<bchloro-coin- 

0^1^ ass, 239, 21S, 251. 25»a ]jave the structure 
9-a)-alkosybenzyl-l:4-dimcthylanthracene. 


PhCH 



PhCH 



PhCH 

II Me 



R=Me, Et 


Von Braun and Bayer reported failure to 
acetylate l:4-dimethyIanthrone, but the pyri- 
dine-acetic anhydride method readily succeeds, 
although the corresponding l;4-dtmethyl-10- 
phenylanthranyl acetate could not be formed 
even on long heating, so that here the methyl 
groups give rise to even greater resistance than 
chlorines in the same positions.^^" 

1:4-Dimethylanthracene, obtained by re- 
ducing l;4-dimethylanthrone to the dihydro- 
anthranol uith zinc and ammonia, and then 
dehydrating by the usual method, adds on 
bromine giving an unstable dibromide. This 
dibromide at ordinary temperature splits off 
hydrogen bromide slowly, and by heating in 
benzene, loses both bromine and hydrogen 
bromide, thus resembling the unstable anthrone 
dibromide more than the unstable dibromides 
of 1:4- and l:5-dichloroanthracenes.^®® 

It is clear from the above that in spite of the 
impossibility of a co-ordinate peri-link being 
formed in derivatives of l:4-dimethylanthracene, 
the latter resemble the 1:4-, 1:5-, and 4:5- 
dichloroanthracenes, whereas l:5-diphenoxy- 
anthracene derivatives are more similar to 
anthracenes themselves. 

Methyl groups in the jS-positions exert effects 
also. 2:3-Dimethylanthrone reacts normally 
with Grignard reagents (methyl, benzyl), and the 
dihydroanthranols, without isolation, give by 
the usual methods 2:3:9-trimethyl- and 2:3- 
dimethyl - 9 - benzylanthraeene.-®"’ The latter 
readily gives a monobromo-compound, 10- 
bromo - 2:3 - dimethyl - 9 - benzylanthracene, in 
wMch the bromine is not reactive. In this, 2:3- 
dimethyl-9-benzylanthracene differs from 1:4- 
d^ethyl-9-benzylanthracene, for the latter 
gives the benzylidene-dihydroanthracene form. 
^ 10-Bromo-2:3-dimethylanthrone shows dis- 
tinct, though slight, resemblance to the a- 
derivattves_ (Barnetts “ a-properties ”). It re- 
acts with piperidine, aniline, and dimethylaniline 
giving nitrogen derivatives [cf. and although 
It resembles 10-bromoanthrone in that on lon^ 
heating with methyl alcohol it gives impure and 
leebly soluble substances, it gives the pure 


methoxy-derivative on 15 minutes heating, a 
length of time which even with an anthrone 
having real “ a-properties ” would be wholly 
insufficient, and with lO-bromoanthrone almost 
excessively long. 

Further, 10-bromo-2:3-dimethylanthrone re- 
acts with benzene by the Friedel-Crafts reaction, 
giving 2:3-dimethyl-10-phenylanthrone, which 
is easily acetylated and methylated and thus 
resembles phenylanthrone more than 1:5- 

diehloro-10-phenyIanthrone,®2Ss 4:5.dichloro-10- 

phenylanthrone,^®®'’ or l:4-dimethyl-10-phenyl- 
anthrone.”®® 

Grignard reagents (methyl, benzyl) react with 
10-phenyl-2:3-(Smethylanthrone and the pro- 
ducts yield anthracenes by dehydration, whereas 
the l;4-dimethyl-10-phenylanthxone, discussed 
above, gives only the alkylidene-dihydroanthra- 
cene. 2:3-Dimethylantlmacene also is sharply 
distinguished from l:4-dimethylanthracene in 
its behaviour on bromination. It readily reacts 
with two molecules of bromine, and on standing 
at ordinary temperature yields rapidly the 9:10- 
dibromo - derivative, whereas 1:4 - dimethyl- 
anthracene does not give a trace of bromination 
product with two molecules of bromine in 
carbon disulphide in 24 hours at ordinary 
temperature. 

IO-Bromo-2- and 3-methylanthrones were 
similarly investigated.”®®^ Here, although both 
react with dimethylaniline to give dimethyl- 
aminophenyl derivatives, only the first gives a 
piperidine derivative, as lO-bromo-3-methyl- 
anthrone with the latter yields 10-bromo-3:3'- 
dimethyldianthrone, thus resembling lO-bromo- 
anthrone very closely; the product splits off 
bromine and not hydrogen bromide, yielding 
dianthrone.^®® 

1:3- and 2;4-Dimethylanthrones were similarly 
studied. As it has been found that the 2-methyl 
and 3-methyl groups had only a sHght influence 
on the properties of 10-bromoanthrone, this was 
expected to show which of the methyl groups in 
l:4-dimethyIanthrone had the most influence on 
its properties.®®® 

Both 1:3- and 2:4-dimethylanthrones reacted 
with benzyl magnesium chloride to give di- 
hydroanthranols (I), dehydrated easily to the 
dimethylbenzylanthracenes (II, III). 


HO 


CHoPh 




C.H, 


CfiH-Meo 


H H 


I. 
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Both of these hydroenrbons give nioiinI)ronio- 
derivatives with verj- reactive bromine atom**, 
which must be cither (IV) or (V). or n tniitomerie 
mixture of the two. 


no trace of the nnthrone (X). Hence, the other 
very tinlikcly 'Jil-dimetJiyl-O-bcnr.yl- 

10-niethoxynnfhrncene. is ruled out {IX -v X). 


PhCH, 



OMc 

IX. 


PhCH 

I! 

CA - 

H Br 
IV. 


PhCHBr 

I 


CgH.Mc, 


* ■ 


V. 



X. 


10 - Bromo - 1:3 - dimethyl - O-lK'nrylantliracf'ne. 
(H’') or (V). with mctliyl alcohol and c.ah ium 
carbonate, gives a methoxy-compound, colntir. 
less and free of fluorescence, hence of .strucltire 
(VI). Its solutions in methanol show .slight 
fluorescence, whicli Incomes inteiue on heating 
with a trace of hydrochloric acid, hut the new 
compound could not I>c obtained crj'stalline, 
and probabl}’ consists of the <ij.niethoxv-cnnv 
pound (VII), 


PhCH 
li Me 



VI. 


PhCH(OMe) 
1 Mo 



VII. 



2:4.dimothyl.9 

^nzylanthraceno gavc,_by methanol treatmen 
vellnw calcium carbonate, a pal 

mrn fluorescent motlioxy-compoum 

heatS’^Sn^ is actually very stable to lon| 
g vith acetic-hydrochloric acid, and give 


The verj* iliffi-rent ly'haviour of th'- two hrotno- 
comjwunds tow.snls methanol r.vn b- cxplnim'd 
on slrtictur.al grottnils, and mu*.! b’ a'cnl^^d to 
the r.To uith uhirh thf mcthnty-group uanden 
in the one tax' (l:3-dinwthyl) and not in the 
oth> r (C: l-dim' thyl). 

Further roearrh n’Ve.vh-^! a range of alkoxy- 
compounds with Ix'ttcr cry.st.a!li'Mti(nt prtiperties. 
1:3- ami 11: 1.Dinwlliyl'anthronei brominafe 
rc.adily. Both hnunomthnnii-s readily re.acl 
«ith aniline, dimethyhniline, and pip'ridine, 
giving romjKUinds of th*' m^ual tyjx*. In this 
Ix'lmvionr they diflVr from Itidinnnoanthrone.i*’ 
as do all the Br-methyl-mr-hromoanthrones so 
far prcpaml, 'I'he I •methyl group in 10-hromo- 
l:3.<ii!nethylatithrone enables a pi[«'riiline com- 
jHmnd to formetl, in contrast to It). bromo. 3- 
melhyianthnme, which gives hromodianthrone. 
Both the above pi[>eridine derivatives uere 
enolised with alcoholic alkali; they rc'emhle 
2:3. dimethyl eomi>oiinds in this **'* and differ 
from the l:l.dirnethyl eomiwninds, which with 
boiling alcoholic alkali, alone or with piperidine, 
are not enolised.-*^ 

Both hromoanthrones react very smoothly 
with methanol in presence of e.ah-inm e.arhonate 
and give the metho.xynnthrones, rcsemhling flie 
lO-hromo-l:!- and 2:3.dimcthylanthrones in tliis 
re.spect. As o.vpeeled, both inetho.xyantlnones 
readily give the eorre.sjnmding nnthranyl ace- 
tates witli jiyridine and acetic nnliydride. 

The Fricdel-Crnft.s reaction with benzene on 
the two hromoanthrones give.s the corresponding 
phonylanthrones, with the qualification that the 
2:4-dimelhyl-eompound reacts smoothly with 
little tar formation, while the l:3-compound 
give.s much tar, and the yield of pure phenyl- 
nntlirono docs not exceed 10%. It is seen tliat 
10 - bromo - 1:3 - dimcthylantivrono resembles 
bronionnthrone, while 10-bromo.2:4-dimclhyl- 
anlhrono is akin to the 1:-1- and 2:3-dimetliyl- 
nnd most of the n-chloro-jji,s-l)romonnthronos 
discuBRcd earlier. In addition 1:3- and 2:4 • 
diinethj'l-lO-phonylnnthroncs readily give the 
nnthranyl acetates, thus resembling the 2:3- 
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dimethyl-, and differing from the l:4-dimethyl- 
lO-phenylanthrone. 

2:4-Dimethyl-10-phenylanthrone yields a well- 
defined crj'staUine hydrocarbon by Eriedel- 
Crafts reaction with benzyl magnesium chloride 
and dehydration of the dihydroanthranol. It 
is yellow and fluorescent and hence is the benzyl- 
phenyldimethylanthracene and not a benzyli- 
dene compound. The corresponding l:3-dimethyl 
compound falls to crystallise, but is intensely 
fluorescent and hence is probably also of the 
anthracene form. Similar results are obtained 
with methyl magnesium iodide, giving the 
1:3:9- and 2:4:9-trimethyl-10-phenyl anthracenes. 

Thus most of the abnormalities found in the 
l:4-dimethyl series are absent in both 1:3- and 
2:4-dimethyl series ; the investigation of the 2- 
and 3-methyl- and the 2:3-dimethyl-compound8 
makes it very improbable that there is any 
restraining influence due to a methyl group in 
the j3-position. 

Influence of Bz-Chloro- and Methyl Sub- 
stituents. — ^A comparison of 2:3-dichloro-10- 
bromoanthrone with 2:3-dimethyl-10-bromo- 
anthrone confirms the slighter effect of chlorine 
atoms compared with methyl groups. Thus 
the dimethyl compound readily yields the di- 
methylaminophenylanthrone and the piperidino- 
anthrone, while the dichloro-, although it gives 
a dimethylaminophenylanthrone, 3 delda di- 
anthraquinone by the action of piperidine.®’® 

The 2-chloro- and 2:3-dichloro-10-dimethyl- 
aminophenylanthrones both have deep green 
solutions in hot indifferent solvents, the colour 
being discharged on cooling ; this effect is 
absent in the 3-chloro-derivative. The effect, 
usually attributed to presence of dianthra- 
quinones, is not due to that cause here, as it is 
undiminished in low-boiling solvents in wliich 
dianthraquinone is insoluble. 

2:3-Dichloro-10-bromoanthrone gives by the 
usual method 2:3-dichloro-10-phenylanthrone, 
which easily acetylates to the 9-anthranyi 
acetate. In contrast to the corresponding 1:4- 
and l:5-dichloro-derivatives, aU give the 
anthranyl acetates and none give anthranyl 
methyl ethers. 1:4 - Dimethyl - 10 - phenyl - 
anthrone, however, cannot be acetylated 
the greater effect of the methyl group thus being 
shown. ■ Both 1:4- and l:5-dichloro-10-phenyl- 
anthrones give benzyUdene compounds with 
benzyl magnesium chloride and subsequent de- 
hydration. 

2:3-Dichloroanthrone, by alkylation with 
benzyl chloride and alkali, gives an excellent 
jdeld of the lO-benzylanthranyl-9-benzyl ether, 
and is thus distinguished from 2-chloro- and 
3 - chloro - anthrones, which give dibenzylan- 
thrones,®®® and 1:4- and l:5-dichloroanthrones, 
which give monobenzylanthrones.®^®- ®®® 

The formation of a benzyl ether was not 
observed m any other case, although such com- 
pounds might be present in the usual tarry by- 
products obtained in such reactions. 

3-methoxy-anthrone give the 
10-bromo-derivatives, which yield dimethyl- 
aminophenylanthiones ; neither gives piperidine 
compounds, but some 2-methoxyanthraquinone 
and 3:3'-dimethoxydianthraqmnone are isolated 
in tne respective cases. 


5:8-Dichloro-l:4-dimethjdanthrone ®’* has an 
aggregation of a-substituents, but these do not 
prevent enolisation, as it gives a red colour with 
alcoholic alkali and easily gives the acetate, 
which is only feebly fluorescent. It is reduced 
with zinc and caustic potash to the anthracene, 
which is more sluggish in its reaction with 
bromine than l:4-dichloroanthrone,®®’ but forms 
a stable dibromide. The bromination of the 
anthrone gives the normal 10-bromoanthrone, 
which can be converted to the piperidine-, 
phenyl-, and methoxy-anthrone by the usual 
methods. 

The strong restraining influence of the sub- 
stituents on the wieso-hydrogen atom is very 
marked in these compounds. Boiling for 3 
hours with pyridine-acetic anhydride leaves 
them unchanged, and none gives any colour 
on heating alone with pjrridine. The difference 
is particularly noted in the 10-phenyl deriva- 
tives, as l:4-ichloro-10-phenylanthrone gives a 
red colour in these conditions and readily forms 
an acetate, whereas l:4-dimethylanthrone gives 
an orange colour but is not acetylated.®®® 

6:8 - Dichloro - 1:4 - dimethylanthrone reacts 
especially easily with benzyl chloride and 
caustic potash, giving the 10-benzyl compound, 
which, as expected, shows no tendency to enolise. 

The investigations were completed by the 
examination of 2:4- and l:3-dichloroanthrone, 
2:3:6:7-tetrachloranthrone, 6:7-diohloro-2:3-di- 
methylanthrone, and 2:3:6:7 - tetramethyl- 
anthrone, but the yield of the tetrachloro- 
derivative by reduction of the corresponding 
anthraquinone was so small as practically to 
exclude it from the investigation.®” 

The 2:4- and l:3-dichloroanthrones both give 
10-bromo-compounds, which yield the anilido- 
derivatives with aniline, but are distinct in their 
behaviour with piperidine. Whereas the 2:4- 
dichloro-lO-bromoanthrone gives a well-deflned 
piperidine - derivative, the 1:3 - dichloro - 10 - 
bromoanthrone easily yields the corresponding 
bromo-dianthryl.®^®® 

The 4- chlorine atom also shows its influence 
on the behaviour to benzene in the Eriedel- 
Crafts reaction : the 2:4-readily gives 2:4- 
dichloro-lO-phenyl-anthrone, while the 1:3- 
gives only tarry products. In the benzyl 
chloride alkylation with caustic potash, the 
l:3-dichloroanthrone gives a dibenzyl compound 
in good yield, thus resembling anthrone itself; 
the 2:4- compoimd only gives tarry products. 

By the Grignard method with benzyl mag- 
nesium chloride and dehydration of the dihydro- 
anthranols, both dichlorobenzylanthracenes are 
obtained. These, by bromination, 3 deld bromo- 
derivatives with reactive bromine atoms, which 
probably consist of a tautomeric mixture of 
the usual type.®®®> ®®i' 25®“. s®® The amount of 
the two tautomers present in the two cases 
is probably very different, for the l:3-dichloro- 
compound gives a colourless (I), whereas the 
2:4-dichloro- gives a yellow piperidine deriva- 
tive (11). 

The nitroanthrones obtained by nitration of 
the anthranyl acetates obey the rule that a nitro- 
anthrone dissolved in pyridine can only be 
acetylated when no chlorine atom is present in 
the position peri to the nitro-group. 
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6-7-Dicliloro-2;3-diniethylnnlliroiic, by tbc 

Grignard reaction Avith benzyl magnesium 
cMoridc and dehydration, easily gives G:7-di- 

chloro-9-benz5'l-2:3-dimcthylnntbrnccne. ivhich 

is readily brominated to n yellow fluorescent 
monobromo-derivntive, and is thereforo 0:7- 
dichloro - 10 - bromo - 9 - benz 3 -I- 2 : 3 -dimcthylnn- 
thraccnc. 

PhCH PhCH-NCjHjo 



1. II. 


Eemoniboring that 2:3-dimctlu-lautbrono with 
benzj-1 chloride and caustic potash gives the 
10:10-dibeuz3d derivative, whereas 2:3.di- 
chloroanthrone gives the benzylanthrnnol benzyl 
ether,-'® it is found that both such reactions ran 
occur with G:7-dichloro.2:3-fiiinelhylnnthrone. 
and both have been described. 

2:3:G:7-Tctrameth3’lanthrona (the source of 
this is the corresponding totrainothylanthra- 
quinono of ^Morgan and Coulson),*'* gives no 
acetate 1 ) 3 ’ the usual method (pyridine-acetic 
anh 3 ’dride), according to these authors, but it is 
found that when the anthrono is prepared 1 ) 3 * 
aluminium reduction of the totrnmoth 3 'lanthra. 
quinono, it gives a normal acetate. Benz 3 'l chloride 
and alkali give the 10 : 10 .dibonz 3 'l derivative; 
bonz 3 ’l magnesium chloride and dehydration give 
2:3:G:7-tetramcthyl.9-bcnz3d anthracene wliieh 
3 uelds a fluorescent lO-monobronio-derivativo, 
the bromine being unrcactive. 

Of the si.xtccn derivatives of 9-bonz3'lanlhrn- 
ceno, containing one or more raeth 3 'l groups or 
chlorine atoms, investigated 1)3’ Banictt and his 
school, there are only six which, like 9-benzyl- 
anthracenc, give on bromination a normal iO- 
bromo-compound as a single substance. These 
have no substituent in nn 3 ' a-positiou. The 
other ten derivatives give bromo-coinjimiiulH 
with reactive bromine atoms, although 1-chloro- 
9-benz3'lanthracono gives at the same time 1- 
chloro - 10 - bromo - 9 - benz 3 ’lanthrnccno. 'J'ho 
structure of the bromination product of t\^ns- 
benzylanthraccne seems to depend on the posi- 
tion of the substituents in the side rings, a- 
substituents, whether in the peri -position to the 
benzyl group or to the Hi5-h3'drogon, lending to 
compounds with active bromine atoms. 

Bz-jMETHYLANTHRACENES. 

The Bz-meth 3 'l anthracenes can bo projiared 
by six methods. These are as follows : 

1. Friedel-Crafts reactions between homo- 

logues of benzene and halogenated 

Paraffins, c.g., moth3deno chloride. 

2. Dehydration by long heating of homo- 

Issues of phen 3 d o-tolyl ketones. 

3. Pyrolysis of homologucs of o-bonz 3 'I- 

toluenes. 

4. Reduction of anthraquinono homologucs. 

. Zinc-distillation of homologucs of o- 

benzoylbenzoic acid. 


G. Certain special methods, c.p., Dewar and 
Jones ’.s .s 3 -nthe?cs from benzene homo- 
logiies with nickel tetracnrbonyl and 
aluminium chloride, and Limprirht's 
heating of benzyl rhloritb' and water 
under pressure (Annalcn, 1898,139,307), 
whirh .suggested Van Dorp Vs similar 
experiments with xylyl chloride and 
water.® 


These methods are now discuB.scd in more 
detail. 

1. FrUM-Crafh Si/ntKm.t . — ^'riicsonre mostly 
carried out with methylene chloride,*® chloro- 
form,*’' ** totrabromelfmne,'**^ ethylidene chlo- 
ride ** and some a-hnlogcnated benzene homo- 
logucs. 1 ’ho diflicnlties of the method lie in the 
orientation of the products. Their constitution 
must bo checked 113 * tedious methods, and the 
dubiet 3 ' arises in two wax'S. Firstly, the benzene 
hoinologiies c.sn usunlh' rc.sct in more than one 
wax', and sccondh', there is ample evidence that 
aluminium chloride in practic,’ favours the 
migration of methyl or other groups, often in 
unton".' cn ways, i'ixainples are thiee. tlrurrili-.'d 
bv Lavnux,’*® who, from di-j)-tol 3 'linet!inne and 
metlu'Ieno chhiride, which c.sn onU’ react to- 
gether in one wav, obtained a mixture of two 
dimeths'lnnthnicene^, iii'-te.sd of jiure 2:7- 
dimcthylnnthracene. The migr.stion of a mctlnd 
group i>- the onls' jcuHibh' explanation. This 
occurs in nearh' cvers' c.sse wiiere aluminium 
chloride is used. 


2. Prh^.-iration of iVicrsyl o-Tohjl A'cfour.s. — 
Although the constitutions of tlie ntarting 
materials in this method are known, tlm tempera- 
tures used are .so high that meth 3 'l migration is 
probable; con'icqiientlv the orii'iitation of tlm 
product mu.sl nlwa 3 'H bo established indepen- 
dentU*, and this is a difllcull problem.**' 

ih/rob/.si.t of — Pytsdvsis of 

mnn 3 ' naturalh* occurring aromatic aubdanccA 
(c.f/. di-;j-tol 3 'lnu'thnno and l)cnr.ylmesit 3 'Iene) 
3 'iehl.s not anthracenes but methylanthracenes. 
The method Hufl'en! from tho high temperature 
emplo 3 'ed, which givc.s ri«o to splitting out and 
migration of groups. 

• 1 . Jifduclion of Anf/irn'/iiitiouf.s.— Zinc distil- 
lation utilises high temporatures, and mcth 3 ’l 
groups aro Komotimc.s aplit off, .so that mix- 
tures aro obtained containing anthracene. Thus 
BirukofT®* obtained onl 3 * impure l-meth 3 'l- 
anthraceno b 3 ' zinc di.stillntion of l-mothyl-l- 
h 3 *droxynnthrnquinono, tho product containing 
anthracene.’®* Tho zine-ammonia reduction 
developed b 3 * von Berger is more Batisfactor 3 ', 
and in several cn.se.s give.s excellent results in this 
field. Tho numerous diliydroanthranols svhich 
aro intermediato jiroduct.s in this reaction do not 
all readily loso water to form tho anthraceno 
derivatives. Elbs ®*' described now reduction 
products, homologue.s of anthracene, which ho 
considered contained a l: 0 -four-mombored ring 
{“ an thra cyclones ”), but von Braun and 
Bayor *** showed that such compounds do not 
o.xi 8 t and that von Berger’s method converts all 
meth 3 d- and dimoth 3 ’l-nnthraquinone 3 into 
nnthracono homologucs. 

G. Zinc Distillaiwn of o-Bcmoylbtnzo\c zlcW.t. 
—Tho same remarks apifly as in tho zinc distil- 
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lation of antliraquinone homologues, but the 

method has not beemvidely developed.* 

6. Special Methods.— The uncertamty m the 
constitution of the Friedel-Crafts condensation 
products applies here also. Limpricht described 
the first synthesis of anthracene and its homo- 
lot'ues. Dewar and Jones’s reaction has not 
b^n completely clarified and the products are 
impure mixtures.^®® They suggest that alde- 
hydes are formed as intermediate products, yet 
the pure aldehydes do not yield anthracene 
derivatives with aluminium chloride : 



II 

O 


Monomethylanthracenes. 

1-Methylanthracene . — Birukoff and later 

C. Fischer and Sapper, by zinc distillation of 

1- methyl-4-hydroxyanthraquinone, obtained an 
impure hydrocarbon, mostly anthracene; 1- 
methyl-4-chloranthraquinone was shown to give 
better results, the methyl group being more 
stable. Then von Braun and Bayer, by 
ammonia-zinc reduction of 1-methylanthra- 
quinone obtained it in a pure condition, 
and so disposed of Elbs’ suggestion that the 
reduction product of 1-methylanthraquinone by 
this method was a cycUc compound (“ anthra- 
cyclene ”). They also showed that the inter- 
mediate l-methyl-9:10-dihydroanthranol was 
stable at 100°c. and was easily converted by dis- 
tillation to the desired 1-methylanthracene. 
The m.p. of 1-methyl-anthracene is much lower 
than that of the 2-methyl (207°), in fact all 
a-methylanthiacenes melt below 100°c. This 
phenomenon is also found in the naphthalene 
series' (naphthalene 79°, 2-methyl- 32-5°, 1- 
methyl — 20°). 

1- Methylanthracene in sunhght readily yields 
a dimer, reconverted to the monomer at the 
melting point ; it also yields an addition 
compound with 2:7-dinitroanthraquinone con- 
sisting of orange-red crystals, m.p. 259°.23o 

2- MethyIanthracene is rarely found in coal 
tar 10 . 12 , 125 and is indeed very undesirable in 
ahzarine manufacture. It is not present in low- 
temperature tar 225 nor in turpentine tar,® but 
is obtained by zine distillation from several 
natural products, such as chrysarobin,^®. o® 
ch^sophanic acid,®*- ? frangula emodin,’- o®. i®® 
abietic acid, or colophony.i* Zinc distillation of 

2- methylhydroxyanthraqumones [e.g., 2-methyl- 
quuiizarinio and 'C-methylbystazarin®®], ob- 
tained by the benzoylbenzoic acid route, gives 
2-methylanthracene by eliminating the hydroxyl 
groups. It can be obtained by pyrolysis of di-p- 
Wylmethane * and aa - di - ^ - tolylethane.® 
Kraemer and Spilker pyrolysed )S-phenyl-a- 


tolylpropane (from m-xylene and styrene), 
which splits off methane and hydrogen and gives 
2 -methylanthracene ®o : 





Me 



It is obtained in small yield (with some of the 
three different dimethylanthracenes) by con- 
densing toluene with methylene chloride, chloro- 
form, or tetrabromoethane, and aluminium 
chloride.i®!. iw, 1200 , ibob jg obtained in fair 
yield by Elbs’ method 2 I' ®® of long continued 
boiling of homologues of phenyl o-tolyl ketone, 
in this case phenyl 2:6-dimethylphenyl ketone. 
Gresly obtained it from phthaho anhydride and 
toluene, which gave 4'-methylb6nzophenone-2- 
carboxylic acid, which on heating with zinc was 
reduced and split off water to give 2-m6thyl- 
anthraquinone.®® 

It is most conveniently prepared from 2- 
methylanthraquinone (from phthalic anhydride, 
toluene, and aluminium chloride, followed by 
sulphuric acid for ring closure) by zinc- 
ammonia reduction,*® but the quinone can also 
be reduced with zinc®* or with hydriodic acid 
and phosphorus.*®® 

Whereas anthracene is reduced to dihydro- 
anthracene, 2-methylanthracene does not give a 
dihydride, and hydriodic acid-phosphorus only 
converts the quinone to the aromatic hydro- 
carbon. 

2-Methylanthracene yields a dimer in sun- 
light.®® By oxidation 5vith acetic-chromic acid, 
anthraquinone-2-carboxylic acid is obtained 
when excess oxidising agent is used; with 
theoretical amounts or with nitric acid in 
alcohol solution the oxidation stops at 2- 
methylanthraquinone. It gives an addition 
compound with 2:7-dinitroanthraquinone, con- 
sisting of violet-green needles, m.p. 219°. 

Dimethylanthracenes. — ^liinowledge of the , 
dimethylanthracenes from the point of view of 
their constitution was for long scanty. Four 
homonuclear compounds are theoretically poss- 
ible; these are known with fair certainty by 
reduction of the well-characterised dimethyl- 
anthraquinones. Of the six possible hetero- 
nuclear compounds hardly one had been oriented 
with certainty until 1929. 

The Friedel-CrafCs reaetion is the commonest 
method for the heteronuclear dimethylanthra - , 
penes, the melting-points of the products foUow- 
mg closely those of the corresponding quinones 
(about 225°). 
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Lavaux in a series of original papera nncl Sccr.^®* by using (oluone and ctl.ylideno 

120, 129. 139. iBOa, IBI, ICO gljoiTcd that all tho chloride, in flic one case, and the dohydnition of 
early preparations consisted essentially of a 2;-l::i'-trimothylbcn7.ophciiono in tlio otiicr, 
eutectic mixture of tivo dimcthvlanthraccncs obtained dimcthylanthraccncH of m.p. 2 l.l-dM , 
of m.p. 240° and 244-5°, with quiiioncs of ni.p. m'th quinoncs of in.p. 2.'ir>-2.10°, which are almost 
169° and 236-6°, and a small amount of a third pure substances. Havnux al to found that di-;>- 
isomer; this isomer was almost absent from tho lolj-lmethane and methylene chloride gives the 
reaction product of methylene chlorido and mixcrl hydrocarbons, although thcorcticallv it 
toluene, and quite absent when tetrabromo- should give only a single hydrocarbon, which 
ethane and toluene were used. Anschutz ”, 4 ,n„gt be 2-.7.dimcthyl anthracene : 


2:4:3'-trimcthylben7.ophenono'l Ir.'i.dimcthylanthracene 

m-xylene • u n i I (2:7 not possible) 

Seer + ->-2:0:3 -tnmcth3-lbcnzophcnoncJ ' * 

m-toluoylchloridcv 

^ 3:6:3'-trimclhj-lbcnzophcnone (cannot yield an anthr.iccno derivative). 


Lavaux 



CHjClj -*■ 2:7 (unless migration of Me occurs). 


Seer’s hydrocarbon was subsequentU- shown 
by Plumiani to be identical with that ob- 
tained by the action of sulphuric acid on 2:5- 
dihydroxy-3-mcthj-lbcnzoic acid, the resulting 

OH 



tetrahydroxydimethjdanthraquinono being re- 
duced by zinc distillation to the dimeth}'!- 
anthraceno. This could only bo tho 2:0- 
dimetbyl-compound. 


While Ravaux consideretl that the nlmve Indro- 
carbon obtainc<l by his ditolylmethanc nu-thod 
was 2:7- or 2:0-, the other i-omer from the 
eutectic mixtures was considered to Iw probabh- 
T.O-dimethylanthr.acene, a ccitielusion based on 
evidence from it.s destnictive oxidation, but tho 
rvhole field remaitu'd iloubtful until Morgan and 
Coulson chan-d the obscurities b\- scver.al 
quite independent methods. 

The intermediate 2:4:4' • trimethylR-nzo - 
phenone (I), an oih* hetone chamctori.s-d In- its 
oxime, can onl}- «ie*h\-dmte in one wn\- b\- heat, 
giving 2:7-dimethylanthmcene, nnlcss’migr.ation 
of a methyl group occurs. 'I'he intermediate 
was made in two ways, in btdl: by the I’riedel- 
Crnfl.s reaction of p-toluyl chlo'ride with m- 
xylene, and in small quantity by the completch* 
unatnbiguous Grignard reaction between p- 
toluonitrilo and tho magnesium comjwnnd from 
4-bromo-l:3-ilimcthyllM-nzent>, whicli yields a 
hetimine hydrolysing to the same ketone. 'J’his 
hydrocarbon is thus identical with I..avaux'.s 
supposed I:6-eompound and is thea-foro 
2:7-dimeth3-lanthracene. 

l^avaux's other hj-droearbon, .supposedK- 
2:7-, was shown to bo identical with one j)n'- 
pared from 2:5:4'-trimethyllH'nzophenone (11) 
w-hieh again can only dehj-drate in one way, to 
give the 2:6-dimcfhylanthrneene; the ketone 
was prepared in bulk by Eriedel-Crafts reaction 
of p-tohiylchlorido and ^J-.xylene, and its eonsti- 
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tution checked hy an nnambiguous Grignard 
method from ^-toluonitrile and the magnesium 
compound from 2-iodo-p-sylene. j 4. u.. 

Thus Seer’s compound was coimrmed to ne 
the 2:6-dimethyl, just as Elumiani’s expen- 
ments had shown, although Seer’s method was 


open to two other meoharusms, but could not 
give the 2:7-dimethyl isomer. Lavaux’s hydro- 
carbon, m.p. 240°, with its quinone of m.p. 169°, 
is thus 2-.T-dimethylantliracene, and that of m.p. 
244-5°, with quinone m.p. 236-5°, is 2:6-dimethyl- 
anthracene. 


Me, 





+ 

COCI 


Me 






Quinone m.p. 242° 


Dewar and Jones’s compoimd, obtained 
hy the action of toluene on niekeltetracarbonyl, 
is also shown, as suspected hy Seer, to he 2:7- 
dimethylanthracene : 



Morgan and Coulson also checked the con- 
densation of di-p-tolyhnethane with methylene 
chloride, studied by Lavaux, and confirmed that 
the 2:7-dimethylanthracene predominates in the 
product. Lavaux’s preparation must have 
suffered the migration of a methyl group, this 
migration accounting for the eutectic mixture 
he obtained. 

The other heteronuclear dimethylanthracenes 
probably consist of mixtures.^os R. D. Haworth 
and Sheldriok describe the h5-dimetJiyl-com- 
pound.'^o ^ 


The four homonuclear dimethylanthracenes 
are prepared by zinc-ammonia reduction of the 
corresponding anthraquinones. Thus 2:3-ii- 
methylanthracene was prepared from the 2:3- 
dimethylanthraquinone arising by Friedel- 
Crafts reaction of phthaUc atdiydride with 0- 
xylene, and dehydration. The structure of the 
dimethylbenzoylbenzoio acid was confirmed 
by E. Meyer,** 3delding benzoic and 3:4-di- 
methylbenzoic acids. The ring-closure by 
dehydration can, and does,*®® give 1:2- or 2:3- 
dimethylanthraquinone. The anthraquinone di- 
carboxylic acid prepared by oxidation, how- 
ever,®® is different from the l:2-dicaTboxylio 
acid, obtained by oxidising l:2-benzanthra- 
quinone,*®® but while Elbs and Eurich’s di- 
methylanthracene is certainly mainly the 2:3- 
dimethyl-, it is contaminated by some l:2-di- 
methyl-compound. An unambiguous route to 
l:2-dimethylanthraquinone is to treat the 
Grignard compound from 3-bromo-o-xylene with 
phthalic anhydride, giving 2-(2':3'-dimethyl- 
benzoyl) benzoic acid. The latter can yield 
only l:2-dimethylanthraquinone on ring-closure, 
which may be carried out with benzoyl chloride 
and a little sulphuric acid,*®* or the ketonic acid 
may be reduced, and the dimethylbenzylbenzoic 
acid converted into the corresponding anthrone 
with zinc chloride in acetic acid.*®® 1:3- and 
I'A- Dimethylanthracenes were first prepared by 
von Braun and Bayer **® from the quinones by 
zinc-ammonia reduction, Elbs having only im- 
pure material, which he named “ anthra- 
cyclenes.” ®*“ The quinones from which the 
1:3- and l:4-dimethylanthracenes were prepared 
are of certain constitution. Gresley *® and 
Heller *®* obtained the l:4-dimethylanthra- 
quinone by condensing p-xylene with phthalic 
anhydride; m-xylene gave the l:3-dimethyl- 
compound in an equally certain manner. 

The pyrolysis product from benzylmesitylene, 
obtained by Louise,®®-*® is probably an impure 
l:3-dimethylanthracene, as it corresponds with 
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that by the Friedcl-Crafts route from mcpitylcno 
and phthah'c anhydride : 



Kraemer, Spilkcr, and IRx'rhardt’a jiyrolystn of 
a-pheny]-a-^!r-cumy]cthnno is probably impure 
2:3-dimethyIantkraconc, although both 1:2-, 
l:4-dimethylanthrarcnes can arise in tliis way : 


CHMo 




It was also obtained by Weiide b}’ r.ine distil- 
lation of triniefhylnnlhntgnllol from the con- 
<lensation of dtnylic and gnllio acids ; 


HO 

HO* 




'Ni 


COOH 


Me 


HOOC 


Me 


Me 



O 


—w. 


I. 


Other contradictory statements arc given in the 
literature.'* 

Trimethylanthracencs. — 1:2:4 -7Viwe//o/l- 
antliraccnc is known with fair certainly. It was 
prepared by Grc.slcy “ and Elbs **'•*'«• «' by 
I'riedel-Crafts reaction of pici/docymcno with 
phthalic anhydride and r.ine distillation of the 
resulting trimcthylbcnzoylbenr.oic acid. 


I:9:tJ-7V»()iri/iyJrta.diriiiva»-, by long he.ating of 
2:4:2':4'-, and Ithl-lrinrHi/hjalhraryi;', by the 
same method fn>in 2:.'i:2':.''-telra!nethyll)en7.o- 
phenone, were pn’p.ared by Elbi.***-*- *• 
'J:U:G-7’rirrirt/:;/!<jril/>riiri’itr was synthe.sjs-'d by 
Morgan and Conlson,”'** by a method similar to 
that use<l for the 2:15- and 2:7-diinethylanthra- 
cenes. 2;;i:5: J'-Ti'tramethyllKmr.ojihenone (1), 



VoL. VIII.— 4 



50 ilETHYLAXTHRACEXE AKD OTHEE SUBSTITDTED ANTHEACENES. 


synttesised through the ketimine by Grignard 
reaction of y)-tolnonitrile mth the magnesium 
compound of 5-iodo-v!'-cnmene_ to make its 
constitution certain, and identical irith that 
prepared in quantity by Friedel-Crafts reaction 
of p-toluoylchloride -with i^-cumene, suffers on 
heating not the usual dehydration, but dehydro- 
genation to the anthrone (11), a reaction 
hitherto unknoTvn for the o-methylbenzo- 
phenones. On longer boiling, hoTvever, ivater is 
eliminated in the normal marmer, and 2:3:6- 
trimethylanthracene, m.p. 255°, results; the 
corresponding quinone melts at 240^ and can be 
reduced to the pure trimethylanthracene (IH). 
The constitution was rendered doubly certain by 
synthesising a quinone, identical with that 
already obtained, by condensing 4-methyl- 
phthahc anhydride with o-sylene, and de- 
hydrating the resulting trimethylphthaloylic 
acid, when the required trimethylanthraquinone 
is formed (although it is probably accompanied 
in smaller amounts by the other possible isomers, 
1:2:6- and 1:2:7-). 

Tetramethylanthracenes. — 1;3;5:7-Tc£ra- 
meiJiyJanthracene, obtained by Eriedel and Crafts 
by interaction of m-sylene with methylene and 
aluminium chlorides,®° was also obtained by 
Seer by zinc distillation of the quinone firom 
mesi^lenoyl chloride and aluminium chloride.^'i 


The latter can give only a l:3:5:7-tetramethy 

derivative : 



O 

II Me 



while the former can also give rise to the 1:3:6:8' 
compound which Seer obtained from a repeti- 
tion of the Friedel-Crafts experiments : 



The IzoiG-.S-ieirameihylanfhracene was also 
obtained by Anschutz from m -xylene, tetra- 
bromoethane, and aluminium chloride,'*®'’ and is 
probably identical with Dewar and Jones’s 
hydrocarbon obtained by using nickel tetra- 
carhonyl in place of tetrabromoethane,*®® and 
is not the l:3:5:7-tetramethyl-compound as 
these authors considered on untenable grounds. 


The quinone (I) corresponding to 2:3:6;7-f€£ra- 
meihylanthracene was prepared by Morgan and 
Conlson,^^* by Friedel-Crafts reaction of 3:4- 
dimethylbenzoylchloride (o) by itself and 
(b) with ^-cumene, to 2:4:5:3':4'-pentamethyl- 
benzopbenone, subsequently-pyrolysed to 2:3:6;7- 
tetramethyl-anthrone-9, which was oxidised to 
the quinone: 



The anthracene prepared by reduction melted 
at 30S°. Barnett, Goodway, and TFatson pre- 
pared a similar substance by the Friedel-Crafts 
metho^ from o-xylene and methylene chloride, 
wMch in a mixed melting-point determination 
with Morgan and Coulson’s preparation melted at 
299% and so was not quite pure ; it gave an an- 


throne melting at 271°, identical with that quoted 
by Morgan and Coulson. The latter authors also 
prepared the quinone independently by the 
Diels— Alder method and mild oxidation, by 
condensing benzoquinone with ^y-dimethyl-A**®- 
butadiene to the octahydroanthraquinone and 
passing air into an alcohol solution of the latter- 
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+ 2 






Mel 




Me 


(i) 




The reduction of the quinono with podium 
and amyl alcohol gave the tctrnmctlnddilu'dro- 
antliracenc, dehydrogenated to the anlhrarene 
itself by selenium. The 2:3:G:7-tctramcthyl- 
anthraceno has been detected in the heavy 
neutral oils of low-tempcraturc tar. 

l:2:3:i-Telramcthylanlhrnuiic was obtained b}’ 
Hewett by chloromcthjdating 2:3-dimcthyl- 
naphthaleno and removing the ehlorino by 
reduction with h 5 ’drogen to give I:2:3-trimcth5d- 
naphthalene. This process was repeated, giving 
l:2:3:4-tetramcth3'lnaphthalene. This, l),v re- 
action mth succinic anhydride and aluminium 
chloride in nitrobenzene, gave a-(l:2:3:'l-tctra- 
meth 3 d-C-naphthojd)-propionie acid, which w.as 
reduced to the tctramethylnaphlhjdbutjTic 
acid, ring-closed to the kctotctrntjj’droanthrn- 
cene, and dehj’drogenatcd in two Pteps to 
l:2:2‘A-ietramethi/Iauthraccnc, 


COOH 




Me 


Me 


When hydroquinone is condensed with diaco- 
tone in solution in acetic and sulphuric acids, two 
molecules of the y-diketono react with the loss of 
tour molecules of water, and the product simul- 
l:4:5:8-tc<ramc/7i2//ant/iru- 


Hexamcthylnnthrnccncs. — iJi-Cmnotw, ine- 
thvleno chloride, nnd aluminium rhloride j-ie1d 
a iiexnmethvlantlirncene which must be either 
1:2:1:C:G;S- o'r l:2: l:.’'):7:8-.'o 
Octamethylanthrnccnc, — Backer, Strating. 
and Huisnmn obtained the fiillv substituted 
oetametlijdanthraeene b\' the Dicls-.AItler 
method, condensing iH-nr.oquinone with two 
molecules of tetrnmethvibutatlienc to \-ield the 
adduct, t be octametlnd oetnhj'droanthraciuinone. 
The latter is of rour>e a inixiureof many pt<Teo- 
isomers, but nil x'ield the same octamethyl- 
nnthmquinone on oxidation in a boiling butyl 
alcohol solution of eaustie potash b\‘ parsing in 
oxx'gen. The nnthmquinone is stable to the 
classical zinc distillation method nnd even to 
h\-drindic acid nnd i)hosphorus. but is nulueed 
to tho dihydroant hracene b^* Clemmensen’.s 
method with amalgamated zinc nnd hydni- 
cliloric ncid ; th(> latter is dclnalrogenated b^' 
selenium in najihlhalene solution to tlu* oetn- 
mcthylanthrnccme, m.p. 2S3-28»‘'. 



CHMc 

’^CMo 


d- 2 




yCMe 


CHMc 


McH H 11 H HMe 
M 0 Me 


McH 



HMe 


McH H II H HMe 
O 


' • 


Octamclhj'lnnthrnquinono 

1 ”- '^^^6 
0otamothyl-9:10-dihydronnthrncgnc ' - 

I - 

Octnmethylanthracono 


^ U ^ 
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anthracene carboxylic acids. 

Only tLe mono-ms-carbonyUo acid is knoTO, 

and this has already been discussed (p. ibc), 
under the action of acyl hahdes on anthracene. 
The Bz-acids can be obtained through the 
nitriles, which are saponified by means ot 
alcoholic potash. The nitriles are prepared by 
distilling the corresponding alkah sidphonates 
with potasainm cyanide ot dry potassium ferro- 

cyanide^ suiphonic acid is unknown, but the 

9-nitrile can be prepared by Karrer and ZeUer s 
method, by treating anthracene with fresh 
cyanogen bromide and aluminium chloride. 
Again, Barnett, Cook, and Matthews converted 

l:5-dichloranthracene-9:10-dibromide to 1 :6- 
dichloroanthracene-9-nitrile by heating with 
alcohoUc potassium cyanide.^^®' 

The main method for preparmg anthracene 
carboxyhe acids is zinc— ammonia reduction of 
the corresponding anthraquinone carboxylic 
acids, both di- and tri-carboxyUc acids thus 
becoming available.®®’ ®®’ ®®' 

The l:9-dicarboxylic acid is obtained by 
regulated oxidation of aceanthrenequinone 
and the action of dilute alkalis on the latter 
produces, among other products, some anthra- 
cene-l-aldehyde-9-carboxyhc acid. 

Whereas the 9-carboxytic acid readily decom- 
poses on heating, giving off carbon dioxide, the 
Bz-aoids are generally stable yellow substances 
which fluoresce blue in solution. Di- and tri- 
carboxylic acids with vicinal groups give orange- 
coloured anhydrides by sublimation,®®’ ®^ the 
l;9-dioarboxylic acid doing so even in solu- 
fien,”® in winch, it leaemhica nscphthaienc- 
l:4:5:8-tetracarboxylic acid. The same acids 
also give yellow imides by the action of am- 
monia on the anhydrides, or from the oximes of 
the corresponding aceanthrenequinone by re- 
action with acids, and the imides or oximes 
yield leuco-vat dyes by alkah fusion, dyeing 
green shades from red vats (Aceanthrene 
Green).®-’® 

While the carboxylic acid groups can be split 
off by heating the alkahne-earth salts, the nitriles 
are very difficult to hydrolyse, the amides do not 
readily do so, and the acid chlorides are stable 
to water.®®’ ®®® The 9-carboxylic acid cannot 
be esterified by the normal method ®® ; the 
methyl ester is prepared by heating the silver 
salt -with methyl iodide, and is very stable to am- 
monia. The l-carboxylamide does not undergo 
the Hofmann reaction.®® All three mono- 
carboxyhc acids readily form dimers in light, 
but the 9-carboxylic acid is specially light- 
sensitive and must be kept in the dark in vacuo. 
The acids are oxidised to the corresponding 
anthraquinone carboxylic acids by chromium 
trioxide, the 9-carboxylic acid giving anthra- 
quinone itself. 

Whereas ant1iracene-2-carboxylic acid behaves 
likft anthiacene on hronunation, giving only the 
9:10-dibromo-derivative, the 1-carboxylic acid 
gives a ms-monobromo-derivative which cannot 
be further brominated, another example of the 
influence of the a-suhstituent on the 9-t)eri- 
position.®®® 

The 9:10-disulphonic acid can be prepared as 


its disodium salt by heating 9:10-dichlor- 
anthracene with sodium sulphite in phenol solu- 
tion at 170-180° (Marschalk, Ouroussov, Bull. 
Soc. chim. 1935, [v], 2, 1216. 


DIANTHRACENES. 


The discovery of the dimers of anthracenes 
was due to Fritzsche (J. pr. Chem. 1867, [i], 
101, 337 ; 1869, [i], 106, 274) who found that 
sunlight produced, in sointiDns of anthtacenes 
in organic solvents, sparingly soluble sub- 
stances -with higher melting-points than the 
original monomers. They are decomposed to 
the monomers by melting. Elbs ’® determined 
their molecular weight by the cryoscopio 
method, supported by Orndorff and Cameron, 
by ebullioscopic methods,’® both showing that 
the products were dimers. Linebarger deter- 
mined the relative speed of formation in different 
solvents ’® but a solvent is not strictly necessary. 

While 1- and 2-methylanthracenes ®” readily 
dimerise,®® and substituted derivatives, in- 
cluding the 9-halogeno-derivatives do likewise,®’® 
the 9:10-dihydro- and 9:10-dibromo-derivativea 
do not react at all, although this was disputed 
by H. Meyer and Eckert ®®® in the case of 
dihydroanthracenes, which they found reacted 
in absence of air. As already referred to, all 
three monocarboxylic acids give dimers, but in 
the case of the 9-acid, air must be excluded as it 
causes the formation of anthraquinone. 

The dimers are white solids, free of fluores- 
cence; they do not form picrates, are very 
inert and have low solubilities. Linebarger’s 
proposed constitution, 



ALKYLANTHRACENE DERIVATIVES 
FOUND IN NATURE. 


A large number of hydroxyalkylanthracene 
derivatives have been observed occurring in 
nature, sometimes free and in other cases as 
glucosides. These include : 

Aloe-emodin {v. Vol. I, 2616) ; 

Chrysarobin (u. Vol. Ill, 1166) ; 

Chrysophanic acid {v. Vol. I, 433a ; II, 410£i 
III, 116c); . 

Emodin (u. Vol. Ill, 116c) ; 

Frangulin (u. Vol. V, 328d ; VI, 880) : 

Frangula-emodin (u. Vol. V, 328d) ; 

Helminthosporin (u. Vol. V, 55a ) ; 

Morindin (u. Vol. VI, 92a) ; 

Munjistin (v. Vol. V, 4166 ; VII, 437a) ; 

I Ruhiadin [v. Vol. V, 416d ; VII, 437d). 
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METHYLATED SPIRIT (v. Vol. I, 182d, 
183o, b ; III, 5S7d). 

M ET H Y LA U R I N . Red dyestuff contained 
in crude aurin, which is prepared by heating 
phenol with sulphimc and oxalic acids. Atirm, 
a triphenylinethane derivative, CjoHjgOg, also 
known as rosolic acid, is used for colouring 
lacquers, in the manufacture of photographic 
plates, and as an indicator in titration of acids 
with caustic alkalis. 

J. N. G. 

METHYLDIPHENYLAMINE, 

NMePhg, 

prepared by heating diphenylamine with di- 
methyl sulphate, is a pale yellow oil, h.p. 291- 
292°/760 mm., 145-146'5°/10 mm. Ghloro- 
platinate, m.p. 207-209° (decomp.) (Gibson and 
Vining, J.C.S. 1923, 123, 836). 

J. N. G. 

METHYLGLYOXAL (v. Vol. VII, 1496). 

" METHYLHEXALIN " (v. Vol. VI, 226o). 
METHYLHEXANONE (p. Vol. Vn, 141d). 
METHYLKETEN (v. Vol. VII, 104c). 
METHYSTICUM (p. Vol. VII, 9Sd). 

MET MYOGLOBIN (p. Vol. VI, 166d). 
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METOL, j)-Methylaminophcnol sulphate. 

A photographic developer (Hargor, J.S.C.I. 
1919, 38, 234a ; J. M. Edcr, “ Handbuch. dor 
Photographio,” Gte Aufl., Hollo a.d. Snalc, 1930, 
Vol. Ill, Pt. h, p. 129). It forms crystals, 
■which begin to char at 24.0° and melt with 
decomposition above 250°. Mctol has been 
manufactured (Merck, G.P. 2G0234) by heating 
qninol with aqueous methylaminc to 200° and 
neutralising the product with sulphuric acid 
(Ermen, J.S.C.I. 1923, 42, 522 a). .Mctol pro- 
pared by Jlcrck’s j)rocess contains p-phonylcnc- 
dimethylamine sulphate, 

CBH4(NHMe)2,HjSO^. 

which is stated to he the cause of motol poison- 
ing. Eor mctol-cczoma sec Licsegang, A. 1939, 
ITT , 191. Alternative methods of manufacture 
ate given in B.P. 132555-, G.P. 205115. In 
analytical chemistiy', mctol is used as a reducing 
agent in the molybdate colorimetric method of 
determining phosphates. 

J. N. G. 

» METRAMINE “ (r. Vol. I. 32Ga). 
"METRAZOL" {v. Vol. VII, 27Gc). 
METTEGANG METHOD (r, Vol. IV, 

550c). 

M ET YC A I N E. y - (2 - Methylpipcridino) • 
propyl benzoate hydrochloride. Local anicsthetic 
(v. SYNTiTETia Drugs). 

S. E. 

MEXICAN BUCKEYE OIL is contained 
in the seeds of Ungmdia tpedo'^a (Fntn. 
Sapindacea:), a shrub growing in Texas and 
Mexico. Cheol and Pcnfold (.J.S.C.I. 1919, 38, 
74 t) give the following characteristics of the oil 
extracted by ether: j-icld 50%; p’** 0-9117; 
71^® 1-4GG6 ; iodine value 83-5 ; moan molecular 
weight of fatty acids, 288. Tlic seeds contained 
sufficient of a c 3 'nnophoric glj-cosidc to ca\iso 
symptoms of poisoning during the analj-sis. 
According to Schacdlcr (Clicin. Centr. 1889, II, 
101), the oil contains olein 78%, and palmitin 
and stearin together 22%, 

J. N. G. 

MIAN IN (a. Vol. I, 140a), 

MIARGYRITE. Silver thioanlimonite, 
AgSbSj, occurring as small, usuall}- indistinct, 
monoclinic crj'stals. These are black and 
opaque, with a metallic bistro, but thin ejilintcns 
transmit a deep crimson colour; streak dark 
cherry-red ; p 6-2. Crystals were formerly 
found at Braunsdorf, near Freiberg in Saxonj-, 
and compact masses of some size arc mot with 
in the silver mines of Bolivia. 

L, J. S. 

MICA (Ger. OUmmer). A group of minerals 
characterised by an excellent basal cleavage, 
enabling the natural crystals to bo split into very 
thin sheets or films, commonly less than one- 
thousandth of an inch in thicltncss. The 
cleavage fiakes are flexible and elastic through 
a very wide angle, and possess outstanding value 
as electrical insulators on account of their high 
dielectric strength and low thermal conductivity. 
The remarkable facility with, which the minerals 
can be split is the result of an atomic structure 
based on continuous sheets of (Si.AI)©^ totra- 


hedrn, which arc linked loosely through inter- 
vening potassium ion.s, clcavngo being duo to 
tho rupture of the feeble potnssium-o.xygen 
bonds which hold tho strong sheets together. 
Jlicas ciystalliso predominant !,v in tho mono- 
clipic sj'stem, with the ^ angle nc.nrlj- 99° ; 
cr^'Stals arc usually* tabular with prominent 
bas.al planc.s and pseudo-hexagonal Imbit, tho 
prism faces lioing roughened b^v horizontal 
striations and often tapering. Although their 
lmrdne.ss is onlv 2 to .3t. the flakes are strong; 
p 2'7-3-2. 

The micas form incomplete isomorphoiis .serie.s 
of sheet -.structure mineral-.-, consi'-ling of com- 
plex aluminium silicato.s with pota-'-iium and 
hj-droxyl, together witli more or le.ss magnc.“ium. 
ferrous iron, and, in certain varielic'i, sodium, 
lithium, ami ferric iron. Mnnganc.'c, chromittm, 
titanium, and vanadium are rhar.nrterislic of 
sonic siH-cie-,-. and fluorine is rominonl.v present. 
The minerals maj- b” classified chemicalh" and 
structural^' into two groups, the hept.aplwllites 
and the oetoph\-!litcs ; the former have seven 
positive ion >. and the latter eight, necompanj-ing 
twelve negative inns. Ko miscibilit}' exists 
between the two groups. 

The jirincip.al sjh-ck-a. with their simplified 
formuhe, are : 

I. lIcpUiphi/llil'.K : 

Mtisrnrllr, or pota.'.h-mtca, 
KAL(AISi3)0,„(0H.F),. 

Pnmrjntutf , or soda-mica, 
(K.N.n)AI;(AISi3)0,o(OH.F)j. 

JI. Odophpllitrf : 

I^pi'lntilc, or lithia-mic.a, 
K(Li,Al)3(AI,Si),0,o(OH.F).. 

Pfilogopitc, or magncsia-mica. 
KMc3(AISi3)0,o(OH.F),. 

JiioHlr, or ferromngnesinn-miea, 
K(Mg,Fc)3(AISl3)6,„(OH.F),. 

Additional species art' mentioned briefly' below. 

All the true micas yii.fil water when strongly 
heated, tho moisture content being about 5%*; 
muscovite begins to lo.se wafer rapidli' at 700°c., 
but phlogopitc remains almost unaflccted at 
temperatures below 1,000’c. 

Muscovite froquonth' contains tracc.s of 
fcrroiLS and ferric iron, mangane.se, vanadium, 
etc. It i.s sometimes termed in the trade “ white 
mien,” though tlio crj-.stals or “ books ” mn)' bo 
of a greenish, j-ollow, or reddish (“ ruby ”) shade, 
which are transparent and almost colourle.ss in 
thin films. Jluscovite is a characteristic con- 
stituent of deep-seated siliceous igneous rocks, 
such ns granite and syenite, and cspociallv of 
certain pegmatite dykes ; it is also wide.sprend 
in many mctamorphic schists and gneisses. Tho 
varictj’ sericite, occurring as fibrous aggregates 
of minute scales with n silky lustre, tends fo be 
Twbiw wivtcY, is vmmlVy a-n alteration product 
of felspar. Fuchsite, containing small amounts 
of chromium, has an attraotivo emerald green 
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colour; the crushed mineral is used m stucco 
and artificial stone, and polished fuchsite schist 
makes a handsome ornamental stone. Rosco- 
elite, KV„(AlSi 3 )Oio(OH) 2 , is a clove-broim 
to greenish-broivn variety in jrhich alum i nium 
is partly replaced by vanadium, ■with up to 
29% of VjOg. It constitutes an important ore- 
mineral in the unique sedimentary uranium- 
vanadium— radium deposits of ■western Colorado, 
and is one of the chief economic vanadium 
minerals. The term ferri-muscovite is applied 
to musco^vite ■which contains some feme iron, 
and phengite refers to a variety containing 
magnesium and ferrous iron. Among the 
varieties often spoken of as hydro-micas are 
damourite and gilbertite, which are secondaiy 
forms occurring as minute scales and fibres 
■with an unctuous feel and relatively poor 
elasticity. Paragonite, a yeUo^wish or pale 
greenish mica, resembling muscoirite in general 
properties, occurs as scales in certain meta- 
morphic rocks of limited distribution. 

Muscovite is employed in industry either as 
“ sheet mica ” or as “ ground mica ” made from 
mine waste or shop scrap. Most of the sheet 
mica is used as an insulating material in the 
manufacture of electrical apparatus, such as 
commutators, heating units {cookers, irons, and 
toasters), discs, washers, bushings, and con- 
densers. A large quantity is used in the form 
of splittings or films bonded together ■with 
shellac or a special synthetic resin and heat- 
pressed into plates of required thickness, which 
are then shaped as desired into tubes, tape strips, 
V-rings, plates, and so on. This built-up mica is 
kno^wn in the trade as " Micantle." A certain 
amount of clear sheet musco^vite, called " isin- 
glass,” finds employment in stove fronts, furnace 
and kiln windows, lamp canopies, chimneys, and 
shields, gas masks, goggle eye-pieces, etc. Wet- 
ground muscovite is used principally to impart 
lustre to wallpaper and some paints ; it is also 
used to some extent as a filler in rubber and 
plastic compounds. The roofing industry ab- 
sorbs a large proportion of the dry-ground mica 
produced, for use as a backing for rolled asphalt 
roofing and shingles, in order to prevent sticking, 
and for its decorative effect. This scrap mica 
adds finish to stucco, concrete, and artificial 
stone, is used for Christmas-tree “ snow,” and 
in axle-grease, as a dry lubricant, besides 
serving as a dusting and lubricating medium 
dm-ing the manufacture of tyres and other 
rubber goods. 

Lepidolite is a comparatively rare lithia-mica, 
found in granitic pegmatite dykes, usually in 
association ■with other lithium-bearing minerals 
such as rubellite, tourmaline, amblygonite, and 
spodumene. Its composition varies consider- 
ably and includes the rare alkali-metals, rubi- 
dium and cKsium, as normal constituents. One 
variety with considerable iron is called zinn- 
waldite, but^ protolithionite (approximately 
^skiFe^A^SijOjgF^) contains still more. 
Another type ■«!& maximum lithium is poly- 
lithionite, KLijAISi^OjgFj. Lepidolite has a 
characteristic lilac-rose to ■violet-purple colour 
and is seldom found in large, clear sheets ; it 
usually occurs in scaly, granular aggregates ■with 
a pearly lustre, often resembling granular lime- 


stone. It colours the flame crimson and can 
thus be readily distinguished from pink mus- 
covite. 

Lepidolite and its varieties are important 
sources of lithium compounds (v. Vol. VIE, 363c). 
lopidolite is mainly used in its natural form in 
the glass industry for making special types of 
durable glass ■with a low coefficient of expansion, 
and it acts as an opacifier in opalescent white 
glass. It also serves to strengthen glass, glazes, 
enamels, and porcelains. The total annual 
world production of lepidolite, chiefly derived 
from California and New jMexico, is probably of 
the order of 1,000 tons. 

Phlogopite is commonly- yello^wish-bro^wn, 
often ■with eopper- or bronze-red reflections from 
the cleavage flakes, though it is sometimes 
silvery grey, yellow, or green. According to 
the shade it is variously classified in the 
trade as dark amber, silver amber, ■wine amber, 
etc. It is transparent in thin sheets, and when 
■viewed by transmitted light it frequently 
exhibits a starUke effect known as asterism. 
It is distinguished from muscovite by its 
decomposition in sulphuric acid, and from 
biotite by its lighter colour. With increasing 
iron it grades into biotite. Economic deposits 
of phlogopite are usually associated ■with basic 
igneous rocks, especially pyroxenites, which 
invade magnesian limestones. The phlogopite 
is commonly accompanied by apatite, and many 
of the Canadian deposits have been exploited 
for both their mica and their phosphate content. 
In common •with musco^vite its chief use is in 
electrical insulation, the best grades finding 
extensive service in hea'vy-duty spark plugs 
and commutators. Ground phlogopite is an 
ingredient of many moulded electrical insulators, 
in which it is bonded -with various resins, rubbers, 
and cements. 

Biotite is generally dark brown to black, 
though some varieties may be green or yeUo^wish, 
the colour deepening to black in lepidomelane, 
in which there is much ferric iron. Biotite is a 
very common mica, being an important con- 
stituent of many igneous and metamorphic 
rocks, such as granite, syenite, diorite, gabbro, 
gneiss, and mica schist. It occurs in a ■wider 
variety of rocks than musco^vite. Like dark 
phlogopite, biotite is of little value for electrical 
purposes owing to its low dielectric strength, but 
the powdered mineral, obtained by pulverising 
biotite schist, serves as a coating or filler material 
in the roofing and rubber trades. 

Although not strictly a mica, it is appropriate 
to mention here the mica-like mineral vermi- 
culite, a hydrothermal alteration product of 
biotite and phlogopite, which exfoliates and 
Sewells enormously on heating, and is now ex- 
tensively employed for heat insulation and sound 
deadening. 

Apart from the lithium and vanadium micas, 
the annual production of mica ranges from 
30,000 to 50,000 tons, of which the United States 
produces about half, and the U.S.S.R. and India 
approximately 20% each. The American output 
is largely scrap and ground mica, whereas the 
muscovite deposits of Bihar and Madras in 
India normally supply about 90% of the world 
production of sheet mica for electrical insulation. 
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Canada and Madagascar arc the principal 
sources of high-grade phlogopite. 


References. — S. Spenco, "Mica,” Can. Kept 
Jlines Branch, Ko. 701, Ottawa, 1929 ; Indusma 
Mnerals and Bocks," American Institute of Mining 
and Metallurgical Engineers, Bew \ork, 103 <, Chap. 
XXVI (comprehensive, with hibliograpliy) ; B. B. 
Chowdhury, "Handbook of Mica,” I^ndon. 1939: 
C. S. Box, Bee. Geol. Survey India, 1935, 70, 24 «. 
During the past decade numerous articles dealing witli 
the crj-stal stnicture and chemical composition of the 
various micas have appeared in voluin^cs of the 
American Mineralogist, and complete references to 
mlnemlogical publications on mica are noted in suc- 
cessive volumes of Jllnemloglcal Abstracts, issued by 
the Mineraloglcal Society, London. 


MICELLE. Tho mircllo is tho colloid unit 
in a certain clnss of colloidal solutions, often 
called micellar colloids, of which (ho beat known 
examples aro tho soaps and sj*nthctic detergents. 
Tho micelle is built up from moloculc.a of cry.atnl- 
loidal size, and sola contain both molcculnrly 
and colloidally dispersed soluto in ctpulibrium 
according to tho Law of Mass Action. If « 
molecules johi together to form a micelle, it.s 
active mass will bo given bj' tho nth power of 
tho concentration fraction, and, if K is the 
equilibrium constant, c tho concentration of 
soap, and x tho fraction aggregated, wo have the 


relation : 


/i(cg-/n)={f(l-r)}" 


A small rise of molecular solubility of tho soap, 
duo to raising tho temperature, will therefore 
be accompanied by a large increase in tho amount 
colloidally dispersed, and the overall solubility 
curvo will become very stoop at some point. 
This phenomenon is found in tho soaps and 
similar long-chain synthetic detergents. Tho 
criterion for a substance to form micelles is that 
the molecule should bo partly hydrophobic and 
partly polar and hydrophilic, tho whole being 
large enough for tho two properties to function 
separately. Tho simplest of these substances, 
which have been named " amphipathic," are 
long straight-chain hydrocarbons with a terminal 
polar group such ns fatty acid, alkyl sulphate, 
sulphonnte, amino, or amide. When tho chain 
is sufficiently long, it is not carried into solution 
by tho water-soluble end-group, and tho hj'dro- 
carbon tails adhere to form tlio miccllo with a 
hydrophilic exterior of tho polar groups. Tho 
lower membora of a homologous scric.s form true 
solutions, while colloidal properties set in when 
the hydrocarbon tail lias become long enough. 
For tho ordinary sodium soaps, this occurs at 
Cg (caprylic acid). Tho majority of micellar 
colloids are also electrolytes, but not all colloidal 
electrolytes aro micellar ; c.g., tho proteins do 
not fulfil the criterion that tho single molecule 
j of ciystalloidal dimensions. Tho 
word micelle ” is not a synonym for a colloid 
particle or aggregate and its use should bo 
restricted to systems which fulfil tho criteria sot 
out above. 


The nature of solutions of micollar col 
was first clearly demonstrated by tho das 
researches of McBain,* although his pictu) 

nnhiSaUos^°'^T and his co-workors is ir 

published In J .O.S. from 1911 to 1927 A summf 
. early work is found In the Third BoS^ 
^ dish Association on Colloid Chemistry, 1020, r 


their composition has been altered in radical 
rc-spccts, largely owing to work carried out on 
solutions of tho newer svmthctic detergent. s, 
which are free from certain complications shown 
by tho true soaps, probablj' owing to co-ordina- 
tion effects in (ho -COOH and -COOM groups 
(M i.s a univalent metal). Mcllain measured 
electrical conduclivitic.s, osmotic pro.ssure.s and 
hj'drox}’! ion concentrations ; tho rc.sulls proved 
that tho abnormally high conductivity of tho 
more concentrated soap solutions was not duo to 
hydrolysis, but accompanied micelle formation. 
In addition to tlio small amount of molcculnrly 
dispersed soap, ncutr.al and ionic micelles wero 
postulated ns separate entities. It is generally 
accepted now (hat tho neutral mics’lles do not 
exist. A very large amount of work has Is'cn 
carried out by a number of workers in the ffist 
ir» years, mainly on the long-chain alkyl sul- 
phates and sulphonates, u«ing eleclrical con- 
ductivity, transport number, and, less often, 
osmotic pre.s.surc measurements. Tart ini P[K'cific 
volume has also Ijeen u“cd and, indeed, led IJtny 
(.l.C.S. 1929, G79) to the application of tho Mass 
Action Imw given above. 

.Surface tension measurements have played 
an imiiorlant part. This projM-rly is duo to (ho 
molcculnrly di.spen-cd part of the soap, and 
therefore the onset of micelle formation is 
accompanied by a .sharp break in the surface 
ten.sion/concenlrntion curve. The conditions 
for marked lowering of surface tension of water 
by Soaps are the same ns those for micelle for- 
mation, viz. a long hydror.arbon chain and a 
terminal polar group. The .surface lension/con- 
centrntion curve, like that of electrical con- 
ductivity, shows n steep initial fall, after which 
it bends round and then shows a small pnign’.s- 
sivo rise. Tho concent rat ion of soap retpiired 
to reach tho minimum is called tho critical 
concentration. It.s value is smallest for the 
least soluble soaps, and is increased by those 
factors which incrcn.so solubility, viz. increasn 
of temperature, docrc.aso of chain length, and 
choice of Buitable jiolnr end-groups or of tho 
ion.s n.s.sociatcd with them — tho samo factors, in 
fact, wliich dctorminc (he concentration at 
which mircllo formation sct.s in. Considernblo 
controvcr.sy ha.s taken place over tho point at 
which thi.s docs occur — at (ho critical con- 
centration, or, ns ^Icllain originnlly suggc.stod, 
at the higher concentration at which tho steady 
rise begins. So far no deci.sion lias been possible, 
and perhaps tho diffcronco is not so real when it 
is considered that somo sort of aggregation must 
sot in at oven the most oxtromo dilution. It is 
ns.sumcd, without adequate evidence, that tho 
miccllo is of a fixed size. Kecent work on tho 
oxamination of more concentrated soap/wator 
sysloms by Z-raj’s indicates (hat tho soap is 
present in a layer lattico. In this case tho 
conditions which have led to tho idea of a 
spherical micollo, tho size of which is determined 
by packing and charge distribution on its surface, 
no longer hold good, and there would bo a wide 
tango of micollo sizes. This would mako tho 
change of proporties at tho critical concentration 
loss sharp than that given by tho Mass Action 
relation, n being taken as 20 or a largo valuo of 
that order. 
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Micelles can dissolve water-insoluble sub- 
stances inside them. This was first regarded as 
solution in the hydrocarbon interior ot the 
micelle but, in the more concentrated solutions 
of the potassium soaps, addition of oil is accom- 
panied by increase of the long spacing of the 
soap lattice. Further experimental evidence 
is required, however, before the bearing of this 
result upon the nature of more dilute solutions 
can be decided. The nature and number of 
phases in more concentrated soap solutions is 
extremely complex and not yet fuUy understood. 


Bibliography.— TslcBam’s papers quoted above; 
G. S. Hartley, “ Aqueous Solutions of Paraffln-cnam 
Salts,” 1930 (Actualltfe Sclentifiques et Industriclles, 
Ho. 387) ; Chem. Soc. Annual Hep., 1936, 110 (H. K. 
Adam) ; 1940, 99 (A. S. C. Lawrence) ; Faraday Society 
Discussion on “ Colloidal Electrolytes,” Jan. 1935. 
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MICHAELCONDENSATION («. Vol.II, 
367c; VI, 260a). 

MICHAEL REACTION {v. VII, 476&). 

MICHLER’S KETONE (n.Vol. VII, 1316). 

MICRANTHINE (v. Vol. Ill, 547c). 

MICROBALANCES {«. Vol. I, 607c). 

MICROCHEMISTRY. [This article is 
divided into three distinct sections, dealing with 
the use of “ drop reactions ” in inorganic 
qualitative analysis, selected miorochemical 
manipulative methods, and organic micro- 
analysis, respectively. 

Certain aspects of the use of drop reactions 
have been discussed in the article Chemical 
Analysis (Vol. II, 579c), and the additional in- 
formation included below supplements this, and 
provides a review of a field which has developed 
rapidly since the original article was published. 

The increasing use of micro-methods in organic 
chemistry has led to rapid development of new 
manipulative techniques, and to improvements 
in microanalytical methods, and these are 
described in the second and third sections of this 
article, which are again supplementary to parts 
of the article Chemical Analysis (v. Vol. II, 
6296). — Editoes.] 


DROP REACTIONS. 

One of the most valuable results of the appli- 
cation of microchemical technique to practical 
chemistry has been the development of methods 
for detecting very small amounts of a substance, 
either alone or with other substances often 
present in relatively large amounts. Progress 
has been on two main lines, the one depending 
on the recognition of crystalline precipitates 
under the microscope, and the other on the 
formation of products of high visibility, usually 
the result of colour, when drops of solution react 
under suitably controlled conditions. 

The first of these lines of progress, which for 
convenience can be referred to as the Behrens 
tests, was developed much before the other 
(P. D. C. Kley, “ Behrens-Kley Mikrochemische 
Analyse,” Leipzig and Hamburg, 1915 ; E. M. 
Chamot and C. W. Mason, “Handbook of 
Chemical Dlicroscopy,” J. Wiley and Sons, 1938), 
but made a greater apeal to the crystal! ographer 
and to the mineralogist than to the chemist, who, 
partly oiving to the unfamiliar technique in- 
volved, made no serious use of the tests in his 


analytical work. The second line of develop- 
ment, usually but unfortunately spoken of as 
“ spot ” tests, has, with its simpler and more 
trustworthy technique, made a wider appeal, 
and has now established itself, although- tardily, 
as a part of the equipment of every modern 
analyst. 

The term “ drop reaction ” includes both 
types of test, but there are clear indications that 
the second t 3 q)e will continue to be preferred, 
and except for a few Behrens tests which- by 
their excellence deserve retention, this article 
will be confined almost entirely to drop reactions 
of the second type. 

The characteristic feature of these tests is the 
formation of a coloured product by means of 
reagents usually organic in nature, and although 
some of the well-known reactions employing 
only inorganic reagents still hold their own, for 
example, the formation of permanganate ion as 
a test for manganese, future development rests 
mainly with the application of organic materials. 

In order to provide a clearer and more definite 
picture of what these tests are really like, three 
examples will be described in some detail. The 
first, for copper, is carried out on filter-paper, 
the second, for zinc, in a small test-tube, and 
the third, for cobalt, in a micro-crucible, or in the 
depression of a white porcelain tile. 

Copper . — ^A piece of filter-paper is moistened 
with a 1% alcoholic solution of dithioxamide 
(rubeanic acid), and allowed to dry. One drop* 
of an ammoniacal solution containing copper is 
run from a glass capillary, of about the diameter 
of those used in an ordinary melting-point deter- 
mination, on to the prepared paper. A black 
or greenish-black spot or ring, due to the com- 
plex rubeanate, indicates copper. 

The test can be carried out in a different way. 
One drop of the practically neutral test-solution 
is added to filter-paper, which is then held over 
concentrated ammonia solution. One drop of 
the rubeanic acid solution is superimposed on 
that of the test solution. A black or greenish- 
black spot or ring indicates copper. 

Zinc . — ^Threo or four drops of the weakly acid 
or neutral test solution are placed in a small 
test-tube (approx. 5x1 cm.), and one drop of 
copper sulphate solution, 0-1% with respect to 
cupric ions, is added, followed by ten drops of 
ammonium mercuric thiocyanate solution (80 g. 
of mercuric chloride and 90 g. of ammonium 
thiocyanate per litre). If no precipitate forms, 
the solution is boiled for one minute over a 
micro-flame, cooled, and then shaken ivith 
approximately one ml. of amyl acetate. A violet 
precipitate of the triple zinc copper mercuric 
thiocyanate, of a shade depending on conditions, 
collects at the interface of the two liquids to 
indicate zinc. 

Cobalt . — One or two drops of the wealdy acid 
test solution are placed in a micro-crucible, or 
in a depression of a white porcelain drop reaction 
plate. A crystal of ammonium thiocyanate, or 
five drops of a saturated solution of this sub- 
stance in acetone, is added, and the whole 
stirred by means of a glass capillary sealed at one 
end. A greenish-blue or blue colour, due to the 

* Unless stated otherwise, in this article a drop 
should he taken as approximately 0-05 ml. 
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the product o£ reaction is confined to a sm^er 
area than it urould have been if the drop had 
been alloTved to cover a larger area, as it does 
in the second procedure. _ 

The slow addition of reagent or test solution 
to the paper is important, especiaUy ivhen a 
reaction is being employed near its limit, and in 
this same test adding the copper solution by 
means of a hair capillary is better than more 
rapid addition from a larger orifice. Greater 
time is thus allou-ed for the formation of the 
copper rubeanate, and the black product 
appears as a small, intense spot which, if it had 
been allowed to disperse over a wider area, 
would have been much less definite, or even 
invisible. 

The texture of the paper may be of importance. 
Thus in the test for cadmium with “ cadion ” 
reagent (see p. 63a ) the pink colour obtained is 
more easily seen when a No. 41 Whatman paper 
is used in preference to a No. 1, a No. 40, or 
No. 120, the special drop-reaction paper. 

The area of a reaction can be confined also by 
means of a paraffin ring deposited in the fibres 
of the paper, to leave a clear space of known size 
in which the reaction can take place (H. 
Tagoda, Ind. Eng. Chem. [Anal.], 1937, 9, 79; 
Mi&ochem. 1938, 24, 117). 

Impregnation of thin, close-textured papers 
with reagents of low solubility is another device 
that gives enhanced sensitivity, again by limit- 
ing the area of reaction. For example, a paper 
treated with zinc ferrocyanide instead of the 
more soluble potassium salt provides an im- 
proved test for ferric iron. The careful selection 
of less-soluble reagents for impregnating drop- 
reaction paper, combined with the use of 
capillaries to minimise spreading, has resulted 
in large increases in sensitivity for many fa mili ar 
reactions (B. L. Clarke and H. W. Hermance, 
Ind. Eng. Chem. [Anal.], 1937, 9, 292; 1938, 
10, 591). 

Extraction with an immiscible solvent may 
improve a test ; thus, in the reaction described 
above for zinc, shaking the solution with amyl 
acetate collects the purple crystals at the inter- 
face between solution and organic liquid and 
makes them easier to see. This device has been 
recently applied by Korenman and co-workers in 
“ flotational ” reactions for nickel and palladium 
with dimethylglyoxime, aluminium with “ alumi- 
non,” and bismuth with potassium iodide (see 
J. Appl. Chem. Russia, 1939, 12, 1742 ; 1941, 14, 
669 ; 1940, 13, 309 ; 1939, 12, 1740). 

The presence of salts accumulated during the 
preparation of a solution for testing, from, say, 
neutralisation of acids or alkalis, or from a 
fusion of insoluble substances with a flux, 
generally^ depresses sensitivity. In the above 
test for zinc, for example, excessive amounts of 
sodium salts should be avoided. There are also 
several instances known of the adverse effect of 
the presence of ammonium salts. The deliberate 
addition, too, of certain reagents necessary for 
preventing interference by other ions in a solu- 
tion may have an unfavourable effect, and sub- 
^ances that are apparently quite indifferent can 
decrease sensitivity to a marked extent. Such 
substances, however, occasionally improve sensi- 
tivity. Thus, the detection of magnesium by 
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the well-known Titan Yellow test is more sensi- 
tive in presence of calcium salts which, by them- 
selves, do not react (Kolthoff, Chem. Weekblad, 
1927, 24, 254). 

Examination of a solution in ultra-violet light 
(c/. Got6, Sci. Rep. T6hoku, 1940, 29, 204, 287 ; 
see also J. A. Radley and J. Grant, “Fluorescence 
Analysis in Ultra-violet Light,” London, 1939), 
as in the morin test for ^aluminium, effecting 
reaction in capillaries (Thomson, Mikrochem. 
1937, 21, 209 ; Mikrochim. Acta, 1938, 2, 280), 
or on desilvered photographic paper (Korenman, 
Mikrochem., 1936, 21, 17), and coUecting traces 
of substances from solution by means of induced 
precipitation before applying a reaction (see, 
for example, Feigl and Rajmann, ibid. 1935, 19, 
60, where traces of titanium are collected by 
co-precipitation with zirconium arsenate, and 
coufirmpd by the hydrogen peroxide reaction), 
are all methods that have been used to gain 
improved sensitivity. 

Finally, it should be remembered that some of 
the organic reagents employed do not keep well 
in solution for long periods of time. They may 
easily lose much of their effectiveness as re- 
agents, and it is a good mla to use freshly- 
prepared solutions from reagents of high quality 
when a reaction is being investigated for the 
first time, or is being used near its limiting 
conditions. 

Specific and Selective Reactions. — ^Few 
of the drop reactions in use at the present time 
are specific in the sense that English-speaking 
people use the word, but in the past a good deal 
of misunderstanding has unfortunately arisen, 
partly owing to laxity in expression and a mis- 
apprehension of the implication of the term 
“ spezifisch,” which German-speaking authors 
use in a wider and .different sense, and partly 
owing to insufficient data on, and investigation 
of, the scope of a test (see Theobald, Chem. Soo. 
Annual Rep. 1936, S3, 453; 1937, 34, 489). 
The position has been made clearer by a ruli n g of 
the International Committee on new Analytical 
Reactions and Reagents concerning the terms 
“ specific ” and “ selective,” and in view of the 
importance of using these terms correctly the 
recommendation is quoted at length. “ The 
Committee . . . has decided to ffifferentiate 
between specific and selective reactions (and 
reagents) and recommends this convention for 
general use. Reactions (and reagents), which 
under the experimental conditions employed are 
indicative of one substance (or ion) only, are 
designated as specific, • w hils t, those reactions 
(and reagents) which are characteristic of a 
comparatively small number of substances are 
classified as selective. From this it follows that 
it is permissible to describe reactions (or re- 
agents) as having varying degrees of selectivity ; 
on the other hand a reaction (or reagent) can be 
only specific or not specific ” (see Analj^t, 1937, 
62, 558; Chem. and Ind. 1937, 56, 535). It is 
desirable that this recommendation should be 
carefully followed, so that in the future false 
claims for a reaction and the discrediting of the 
test that this entails, will be avoided. 

That the need for a fuller investigation of 
many tests and more experimental data con- 
cerning them is being realised and met is shown 



jnCROCIIEJriSTRY (DROP REACTIONS). 


by the critical examinations of certain reactions 
that appear from time to time {see, for cxaniplc, 
NoweU, Ficklen, and ISfaxHcld, Ind. Eng. Cheni. 
rAnal.l, 1935, 7, 2G, on the cacothclin test for tin ; 
Ficklen, NeweU, and Pike, Z. anal. Chem. 193G, 
104 30, on the cinchonine-potassium iodide 
reagent for bismuth ; idem, Z. anorg. Chem. 
1935, 225, 281, and Mchlig and Johnson, Ind. 
Eng. Chem. [Anal.], 1940, 12, 30, on the p- 
nitrobenzenenzorcsorcinol test for magnesium ; 
Smith and West, ibid. 1911, 13, 271, and West, 
J. Chem. Educ. 1941, 18, 52S, on interferenres 
occurring n-ith selected drop reactions; and a 
series of critical studies of qualitative reagents 
for cations — an extension of the ■work ot the 
International Committee on Analytical Re- 
agents — by Wenger and Duckert in Ilelv. Chim. 
Acta, 1941 onwards). 

Selectivity of Reactions. — ^The selectivity 
as distinct from the sensitivity of a test can 
often bo improved in various ways. For example, 
the test for copper with ruhcanic acid can, 
irithin limits, he carried out in pre.scncc of nickel 
and cobalt by taking advantage of the capillary 
action of the paper used. Under .suitable con- 
ditions, the black spot due to copiicr ruhennato 
and the purple and brown rings due, rc.spcctivcly, 
to the nickel and cobalt compoumls are .separated 
into distinct zones due, probably, to a combina- 
tion of adsorption cfTccts with different rates of 
diffusion and reaction of the nickel and cobalt 
in the paper. The same factors make reactions 
on paper more selective, in general, than those 
done in test-tubes, or in the depressions of a 
drop-reaction plate. 

Treatment with an organic solvent may make 
drop reactions carried out in solution more 
selective, as in the triple thiocyanate test for 
zinc, where shaking with nnud acetate collects t he 
purple crj'stals at the interlace between the two 
liquids and gives both increased selectivity and 
sensitivity. Extraction methods arc common, 
too, in reactions involving the use of dithizonc. 

The most important method of increasing 
selectivity is, however, effected by using the 
weU-known device of adding fluoride, phosphate, 
citrate, tartrate, cj’anides, etc., to ‘‘lock up” 
possible interfering substances as complex ions, 
which then no longer interfere with the reaction 
being used as a test. Thus, in the thiocyanate 
test for cobalt, interference b}' the red colour 
of ferric thiocyanate is prevented by adding 
fluoride to form ^vith any iron present the com- 
plex [FeFg]'", which does not react. 

It must be remembered, however, that the tiho 
of these “ masking ” reagents generally in- 
volves a loss of sensitivity, and, in extreme 
cases, may cause a test to fail. To guard against 
the possibihty of mistakes being made in the 
practical appheation of drop reactions to the 
varied problems of applied analysis, it is 
essential to check the vali^ty of a test by means 
ot controls. The possible adverse offect of the 
presence of masldng reagents on the identifi- 
catiM of a particular ion shoidd always bo 
ascertamed by carrying out an additional test 
under conditions as similar as possible to those 
ot the actual test, after the addition of a Icnown 

sought. Similarly, the 
possibihty of a masking agent failing to perform 


its expected function, owing to the presence of 
other substances in solution, should bo checked 
by obtaining a satisfaclorj* ncg.stivc test in the 
known absence of the ion being .sought. I’or- 
tunntcly, in dealing with reactions on a inicro- 
or semi-micro scale this can easily bo done, and 
the test proper and its controls can be run side 
by side with little additional effort and trouble. 

Although much can be done by ma.sking agents 
in the detection of a given ion to prevent inter- 
ference by other ions that may be present, the 
addition of theso reagent.s should not In- regarded 
n.s an infallible means of avoiding a preliminary 
separation into groups. The desirability of 
making sueh a separation depends to a largo 
extent on the nature of the substanco under 
examination, and on the knowI<-dg« available 
concerning the known absence or lik'ely prc'^ence 
of other substances in it. The ti’iidency to 
make short cuts by avoiding a separation is 
fraught with danger, and is to be depn-cated as 
fundamentally unsound. tJroup .separations 
are still essential for the complete analy.sis of 
any but the simplest materials, and a judicious 
combination of these reparations and drop 
reactions is probably the goal at which to aim 
in the qualitative analysis of the future. 

Technique nnd App.Trnliis, — ^Technique is 
relatively .simple, ami reijuiros only a certain 
neatness in manipulation, nnd scrupulous eleanli- 
nc-s. Apparatus, too, is simple, nnd easily 
mndc. The chief requirements nn* small test- 
tubes, a porcelain or gl.a.ss plat*' with hemi- 
spherical rlcprcssions, small crucibles, glass 
capillaries drawn from tubing or ohl test tubes, 
glass dropi>ers drawn nut at ono end to give 
<lrops, 003-0 0,' ml. in volume, glass stirrers 
in the form of capillaries reeled at one end, a 
platinum wire nith ri loop of ktunui ri.*e, un- 
glazed porcelain rods for fusions, a micro-burner, 
good (pinlity filts-r-pajH-r, nnd a thicker tvpe of 
paper (Whatman, No. 120) made .specially for 
thc.se reactions. A hand centrifuge is the most 
expensive pieco of njqiarntus required, but much 
of the work can bo done without it, and Hinall 
liltcps of various typos, easily made by a glass- 
blower of modernto akill, can be used instead. 
Special pieces of apparatus, rtill comparatively 
flimple, for njiplying romo test.s in the most 
ficnsitivo way are (leseribed in various text- 
book.s on the aubject. For the BeliR'us test.s, a 
microscope of low power, preferably fitted with a 
polariscr is, of course, e.ssential. The more 
elaborate and exacting technique used in the 
nnnlj’fiis of 1 pg. of aolid material cannot bo 
dc.soribcd hero, and the original papers (A. A. 
Bcncdctti-richlor, Ind. Eng. Chem. [Anal.], 
1937, 9, 483 ; 1912, 14, 813 ; “ Introduction to 
the Microtechnique of Inorganic Analy.sis," John 
Wiley nnd Son.s, 1912) must bo consulted. 

Many drop reactions, however, can with 
advantage bo carried out quite sinqfly on a somi- 
micro-scalo without recourse to the more 
olabornto technique demanded bj' trul}' micro- 
procedures. 

Skmoted Drop Rraotioxs. 

Serviceable drop reactions have already been 
described in other articles (sec Vol. II, 579c, nnd 
artinlcs on individual elements). The list that 
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follows has been compiled from the tests 
specially recommended by the International 
Committee on New Analytical Reactions and 
Reagents, and from the writer’s necessarUy 
limited experience of these reactions. No claim 
is made that a selected reaction is the best avail- 
able; indeed, the tests for some elements are 
so numerous that such a claim would be unwise. 
Furthermore, some tests, although doubtless of 
value, have not come to the front owing to the 


difficulty of obtaining the necessary reagents, 
which are usually complex organic compounds 
not readily available ; others involving organic 
reagents possess little or no advantage over a 
familiar, weU-tried, and simpler reagent; for 
example, the thiocyanate test still holds its own 
as a qualitative reagent for ferric ions. Personal 
taste, practical experience, facilities to hand, 
and the nature of the problem to be solved, will 
determine the analyst’s final choice. 


Selected Drop Reactioks. 

(The tests are described in the alphabetical order of symbols of the elements or groups to 

which they apply.) 
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Element 
or ion. 


Reagent. 


Reaction. 


Limit of 
Identincatlon. 


References. 


BO3'" 





MIGROCHEMISTBY (DROP REACTIONS). 


Element 

Keagent. 


Limit of 
identification. 

References. 

or ion. 




CO," 

Dilute sulphuric acid. 

CO 2 evolved, and 

4 fig./0-05 ml. 

I.P. 


sodium carbonate 
solution, coloured 
red by phenol- 
phtbalein, decolor- 
ised. 







Cr 

(a) H„0, in -weakly 

Blue colour. 

0-5 fig./0-03 ml.* 

I.T. 

(Cr^O,') 

acid solution. 

(b) Diphenylcarb - 

Violet colour. 

10 fig./5 ml. 

I.F.T.S.H.B.A. 

Cs 

azide. 



[For Behrens tests see 




I., pp. 276-279, and 
C. ; see also Bene- 
detti-Pichler and 






Bryant, Ind. Eng. 
Chem. [Anal.], 1938, 
10 , 107 ; Slikro- 





chem, 1939, 26, 29.] 

Cu 

(a) a-Benzoin oxime 

Green spot. 

0-5 iig./0-03 ml. 

I.T.F.H.B.A. 


(“ cupron ”) and 

NHg vapour. 


I.T.F.H.B.A. 



( 6 ) Dithio - oxamide 

Black spot. 

0-03 fig./0-03 ml. 


(rubeanic acid) and 
NH 3 . 




F' 

(a) Alizarin S, zir - 

Yellow colour. 

0-6 pg./0-03 ml. 

I.F.T.H.B.A. 


conium nitrate, and 

dU. HCI. 





( 6 ) Zirconium p-di- 
methylaminoazo- 
phenylarsinate. 

Red spot. 

0-16 jig./0-03 ml. 

I.F, 



Fen 

(a) Dimethylgly- 
oxime, tartrate, and 
aq. NH 3 . 

Red colour. 

0-03 pg./0-03 ml. 

I.F.T.H. 

[See Wenger and 




Duckert,IIelv.Chim. 
Acta, 1944, 27, 757, 
for a critical study 
of reagents for Fe" 
and Fe'".] 



( 6 ) a:a'-Dipyridyl. 


Red colour. 

0-5 pg./5 ml. 

I.F.T.B. 

[See Cronheim and 
Wink, Ind. Eng. 







Chem. [Anal.], 1942, 
14, 447, for use of 





o-nitrosophenol for 
Fe".] 

Fe™ 

(a) KCNS. 

Red colour. 

0'15 ftg./0-03 ml. 

I.F.T.S. 

[See Peters and 





French, ibid. 1941, 


( 6 ) K^FeCCN)^. 

Blue colour or pre- 

0-1 pg./0-05 ml. 

13, 604.] 

I.F.T.C. 



cipitate. 

Clarke and Her- 





mance, ibid. 1937, 
9, 292. 


* Value obtained by the -writer. 
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Element 
or ion. 

Hcagcnt. 

Ileactlon. 

Limit of 
idcntilication. 

Kcfc-rcnce«. 

Ga 

iNIorin. 

Green fluorescence. 

0*.S5 pg./o ml. 

[In ultra-violet 
light, O Olf) /ig. 
per 0 ml.J 

I. 

[SVe Sandcll, ibid. 

1011, 13, Sl-1, for a 

fluorescence reaction 
with 8 - hydroxy- 
quinoline; sec 

M’engcr and Uuckert, 
Hclv. Chim. .Acta, 

1012, 85, Gl)9, for a 
critical studj' of 

reagents for Gn”‘.] 

■ 

Hg 

(a) Dipbcn3'lcarb - 
azide. 

(b) Al. 

Violet-blue colour. 

Activation. 

01 /ig./O Ofl ml. 

0-001 /ig./O-O.') ml. 

i.F.T.rr. 

I.I-’.T. 

[Srr Steigmaiui. 
.l.S.C.1. 1012.61.51, 
for a te*,! for Hg" 
u-im: a phtdographie 
emtdsion.j 

1 ' 

(а) Palladous chlor- 
ide. 

(б) Bromine or potas- 
sium permanganate 
in alkaline solution, 
Kl, acid, starch. 

(c) 2N.AcOH,OdK.. 
NaNOj, and starch. 

Brownisli-black 
precipitate, 
rormation of io- 
date, and libera- 
tion of 1; by acid 
K 1 . BIiFo colour. 
Blue colour. 

■ 

1 /xg./0 0.'> ml. 

0- 1 /ig./O-O.'i ml. 

1- 0 /«g./o o:i ml.* 

l.K.T. 

I'.'T. 

F. 

K 

(а) Sodium cobalti- 
nitrito (solid). 

(б) Sodium cobalti- 
nitritc (solid) + aq. 
AgNOj. 

Yellow precipitate. 

Yellow precipitate. 

2-1 /ig./0 0:i ml. 

0-0 /ig./0 03 ml. 

1.1- vr.c. 

1.1- '.'l’. 

Li 

KIO4, KOH, and 
FeClj in 2N-KOH 
(-1-NaCl). 

Yellowish - white 
precipitate. 

0-2-1 /ig./n-o;} ml.* 

F. 

Protike and U-/.el, 
Alikrochim. .Acta, 
1038, 3, 10.'., 

Mg 

(a) p - Nitrobonzenc- 
azo - resorcinol 
(“ magneson ’’) and 
NaOH. 

{b) Titan Yellow. 

Blue precipitate or 
colour. 

Bed colour. 

o-:i /xg./o-o:j ml. 

0-D pg./O-OIl ml. 

I.F.T.S.ll.B.A. 

[.SVc Nowell ct al., Z. 
anorg. Chem. 1035, 
225, 2vSl ; Jlehlig 
and Johnson, Ind. 
Eng. Chem. [.Anal.), 
10)0, 12, 30.1 
I.F.T.II.B. 

[.Sicr, Otto and Otto, 
ibid. 1011, 13. (V..] 

Mn 

(a) KIO4 (-i-HNO, 
and H3PO4). 

(b) KIO4 and tetra- 
methyldiaminodi- 
phenylmethan e 
(+AcOH). 

Reddish-violet col- 
our. 

Blue colour. 

1 /jg./0-03 ml. 

0-003 pg./ij ml. 

I.S.A. 

I.F.'l'. 

[iSVc Wenger ct al., 
Hclv. Chim. .Aeta, 
1041, 24. 11-13, for a 
critical study of re- 
agents for Mn'M 


VoL. VIII._6 


* Value obtained by tlio writer. 
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Element 
or ion. 

Eeagent. 

Reaction. 

limit of 
identiflcation. 

References. 

Mo 

(a) KCNS and Zn, 

Red colour. 

O-l pg./0-06 ml. 

I.F.T.A. 

or SnClj, or 

N a2S203. 

(b) Potassium san- 
thate. 

Reddish-violet col- 

0-04 pg./0-05 ml. 

I.F. 



our. 


[<See Rice and Yerkes, 
U.S. Bur. Mines, 
Rept. Invest. 3328, 




■ 


1937, p. 37, for 
critical study of re- 
actions for Mo.] 

Na 

(a) Magnesium 
uranyl acetate. 

Yellow precipitate. 

260 /ig./5 ml. 

I.C.T. 

[See Benedetti-Pichler 




et al., Mikrochemie, 
1939, 26, 29.] 



( 6 ) Magnesium 

Yellow precipitate. 

0-03 pg ./6 ml. 

I.C.T. 


uranyl acetate+al- 


[See also Caley and 


cohol. 



Rogers, Ind. Eng. 
Chem. [Anal.], 1943, 

15, 32.] 

Nb 

Tannin (weakly acid 

Red precipitate. 

65 fig./5 ml. 

I. 


oxalate solution 


W.R. Schoeller,“An- 


+ NH 4 CI). 



aljdical Chemistry 
of Tantalum and 
Niobium,” London, 
1937. 



NH 4 - 

(a) Sodium hy- 

Red litmus paper 

0-01 fig./0-05 ml. 

I.F.T. 


droxide. 

turned blue by 
gas evolved. 




( 6 ) Potassium mer - 
cunc iodide (“ Ness- 
ler’s reagent”). 

YeHowish-red pre- 
cipitate. 

0-26 pg ./6 ml. 

I.T. 

Ni 

(a) Dimethylgly- 

Red precipitate or 

0-1 pg./0-03 ml. 

I.F.T.H.B.C. 


oxime (+ citrate and 

aq. N H 3 ). 

spot. 




( 6 ) Dithio - oxamide 

Purple precipitate 

2-6 pg./5 ml. 

I.F.T.H.B. 


(Rubeanic acid). 

or spot or ring. 

or 

0*005 fig./0*06 ml. 

[For critical review of 
reagents for Ni”, 
see Wenger et al., 
Helv. Chim. Acta, 



* 



1941, 24, 889.] 


(c) cyc/oHexane-l : 2 - 

Red precipitate or 

0-1 pg. 

I. 


dione dioxime. 

colour. 

Wenger et al., l.c. 

NO/ 

a-Naphthylamine and 

Red colour. 

0-006 pg./0-03 ml. 

I.F.T. 


sulphanilic acid. 



NO/ 

(a) Zn-f a - naphthyl- 

Red colour. 

0-05 pg./0-05 ml. 

I.F.T. 


amine and sulphani- 
lic acid. 

( 6 ) Sodium hy- 

Ammonia evolved. 

F.T. 


10 pg./0-05 ml. 


droxide, and Al, Zn, 

and blue colour of 


or Devarda’s alloy, 
litmus paper. 

litmus paper. 



Pb 

( 0 ) Diphenylthiocarb- 
azone (“Dithizone”) 

Red colour. 

0-08 pg./O-l ml. 

I.F.T.S.H.B. 


( 6 ) Copper acetate, 

KNO 2 , NaOAc, 

Black, cubic cry- 
stals. 

0-2 pg./O-Ol ml. 

I.C. 


AcOH. 
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G7 


Element 
or ion. 


Reagent. 


Rc.action. 


Limit of 
itlcntincatlmi. 


References. 


(а) Dimethylglj'- Yellow precipitate, I.F.C.T.II.B, 

oxinic* 

(б) Dimotliylamino- Reel-violet precipi- 0 0025 /tp./0 03 l.I'. 

benzylidonerhod- tnto or spot or ml. 

anine. ring. 

(c) See below, Pt 
metals. 

Ammonium molvb- Blue colour, .spot or O-OI /ig./0-0,l ml. 1.1'.1..'\. 
date and benzidine ring. [.Sec West and llout- 

(+NaOAc) • ,T’'f 

( lic-m. [Anal.], 10 1_, 

14, 507, for inter- 
ferences.] 


Potassium iodide. 


Red colour. 


0-5 /(g./O'O'l ml. l.'r. 


Pt Nickel aectnte, and Black precipitate of 

metals. sodium bypopbos- Ni ilue to aecele- 
phite. " rated reduction. 


l.F. 

[.SVc l'ra.«er, .\mi*r. 
Min. 1037. 22. 1010, 
! for Hebn-ns te‘>t«.) 


Stannou.H chloride and Black j)rceipitate, O-Ol /ig./(tt*3 ml. i !. 


sodium tellurate due to eataly.sed 
(-I-HCI). red net ion of 

TeO,". 1 


(.SVc W’eimer ft /»/., 
llelv. Cliim. .\rfa. 
1012, 25. 500, for 
eritii'.d .•.tndy of the 
n'aetions «tl Rc*” 
ami RcO,'.] 


(а) Dithio - o.vamide Blue colour. 
(Rubcanic acid). 

(б) See Pt metals. 


0-2 /ig./0 02 ml. I.l'. 


S Pyridine, and 2 n - Brown -> green 2 /ig./l ml. 

(as free NaOH (or saturated blue colorations 

sulphur), aq. NaoCOj). (orsbndc.sof blue). 


.''oTiimer, Ind. Eng. 
Chein. [.Anal.]. 10 10, 
12. ;1I!S. 


S', 

(S2O3', 

CNS', 
but not 
free S). 


Sodium azide, iodine. Nitrogen evolved 0 005pg,/0 03 ml. l.l'.'l’. 
andKI: {catalytic action). 


Rhodamino -B Violet colour or pre- 0'5 /jg./5 ml. 
(-bHNO,). eipitatc. 


(а) Potassium iodide. Red-brown precipi- 1 /«g./0'025 ml. 

tato or spot. 

(б) Thiourea. Red precipitate or — 

colour. 


r.T.F.B.A. 

[.Vfc Frederick, ibiil. 
mil. 13, 022, and 
Scott and Robins, 
ibid. 1012, 14, 20(i.j 

l.F.T. 


(a) Di m 0 thylgly. Red colour. O-Oo /rg./,7 ml. 

oxime, ferric chlo- 
ride, tartrate or ci- 
trate, aq. N H3. 

(&) Cacotheline. Red-violet colour. 0’12 pg./0‘03 ml. 


I.F.S.H.B.A. 

[Sec Nowell et «(., 
ibid. 1035, 7, 2G, for 
a critical study.] 
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Elemeiifc 
or ion. 

Eeagent. 

Ileaction. 

Limit of 
identifloation. 

References. 

Sn 

(as metal) 

(c) HCI and Zn. 

Bunsen flame col- 
oured blue. 

0-03 fig. 

E. 

[See Kuznetzov, J. 
Appl. Chem. Russia; 
1940, 13, 769, for a 
colour reaction for 
Sniv.] 

Sr 

Sodium rhodizonate. 

Brown spot, de- 
colorised by dilute 
(1:20) HCI. 

0-3 pg./0 03 ml. 

I.E.T.S.B.A. 

Ta 

Tannin (weakly acid 
oxalate solution 

+ NH,CI). 

YeUow' precipitate 
or colour. 

200 fig./B ml. 

I. 

W. R. SchoeUer, “An- 
alytical Chemistry, 
of Tantalum and 
Niobium,” London, 
1937. 

Te 

Thiourea. 

Yellow precipitate 
or colour -> black 
with ether -f aq. 

NH3. 

0-06 fig./B ml. 

I. 

Th 

(а) 8 - Hydroxyquino- 
line in EtOH or 
COMea- 

( б ) HjOa, NajSaOa, 

BaCIa, Odi^-AcOH. 

Yellow-orange red 
precipitate. 

White precipitate. 

3 fig. 10-5 ml. 

0-5 pg./4 ml. 

I. 

Wenger and Duckert, 
Helv. Chim. Acta, 
1942, 25, 1110. 
‘Wenger and Duckert, 
ibid. 1942, 25, 1110. 

Ti 

(a) HaOa and dil. 
HaSO,. 

Yellow-orange col- 
our. 

1-2 pg./0-03 ml. 

I.r.T.A. 


( 6 ) Dihydroxymalelc 
acid. 

Red-brown colour. 

1 fig./B ml. 

I. 


(c) Chromotropic acid. 

Violet colour. 

0-1 pg./0-05 ml. 

I.E.B.A. 

T 

(a) Potassium iodide. 

Yellow precipitate. 

O'G fig.jO-OB ml. 

I.E.T.C. 


( 6 ) Phosphomolybdic 
acid and HBr. 

Blue colour. 

0-19 pg./0'03 ml. 

I.E. 

UO2" 

K,Fe(CN)e. 

Brown precipitate 
■ or colour. 

0-56 fig.jOm ml. 

I.E.T. 

[See Wenger et al., 
ibid. 1945, 28, 291, 
for critical study of 
the reactions of 

UO3".] 

V 

(a) Hydrogen per - 
oxide (+HNO 3 ). 

Eed-browm colour. 

1-6 fig. 10-03 ml. 

I.E.T.A. 


( 6 ) Dimethylgly- 
oxime, ferric chlo- 
ride, and aq. N H 3 . 

Red colour. 

0-6 fig.jO-OS ml. 

I.E.T. 

W 

Stannous chloride 
and HCI 

Blue precipitate or 
colour. 

3 fig.lO-OS ml. 

I.E.T. 
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Element 
or ion. 

Bcngcnt. 

Beaetton. 

Limit of 
Idcutlftc.Ttion. 

Bcrcrviicc.'!. 

Zn 

( 0 ) Ammonium mer- 
curic thiocyanate, 
copper sulphate (ex- 
tract witli amyd ace- 

Violet precipitate. 

3 /ig./0 03 ml. 

I.S.C. 


fate). 

(b) “ Dithizonc ” in 
CCl,. 

Kcd t'oloralion. 

- 

01)3 /ig,/0'03 ml. 

I.l'.T.H. 

j.<>Vc Wenger and 
Duckert, ibid. 1912, 
25, -lOfi, for a study 
of reagents for 
Zn".] 

Zr 

( 0 ) 4-Dimcthylnmino- 
azohcnzonc - -1' - ar - 
sinic acid (-}-HCI). 

Brown sjiot. 

O-OG pg./0-03 ml. 

I.K.B.A. 


(l>) Alizarin (-J-dil. 
HCI). 

Red -violet precipi- 
tate or colour. 

()-3 pg./n 03 mi. 

I.F.H. 


K!;y to Kr.rr.ur.N'cn'^. 

"Tables of BcaRcnfs for Iiiordaritc jVnalvi; rir^t IJojH'rt of tlio lnl<'niatioit.n1 fotninllt- e on ixmt 
anals’tical rrnctlons nii(J ronKi’iits. I-oIpzlR. 

[Deals with new rcaccnts disrovoroti from the rml of IPIO lo the end of Ki.h., and fonu’ of tlw ohl<-r 
rcflccnt^ JiCfcrcncc'^ fire roinpicto as the f’lw! of KKU*, P.tIa itirluu*' of 

cxecutlupa test, reaction ohsen-ed. liinU of Ideiitincatlon and llmlllnK coiir.-iitratlon, and Intefferrnw 
by other components. A special feature Is the recoinmendntlon of the mo.t snlt.nhle and insduorthy 
t^st5 1 

I\ Feigl, "Qualitative Analyse mlt llllfc von Tiipfelrf.aktionrn," Hr.l rd., Dipr.lR, fTmndatlon* ; 

Theoretical I’art, "Speellle. and Special lle.actlom for IJ.'e In Qualitative Analy-M,” New York, IPtO; 
Tractical I’art, “ Spot Tests," New York, IP.19 : " Jvihoratory .^InniMl of.Sjxd Te-t^." .Vriv Vorl;, IPJ.I.J 

F. P. Treadwell and W, T. Hall, " Analytical ChemMry," Vol. I, Qualitative .Vnaly.il<, *' " 

nd C, \V. .tIn=on, " Handbook of f’liemle.aj .Microscopy," Neu- York. 103^*. 


of Inorganic Siilotann’s by Odorlmctrlc 


T. F. P. Treadwell and \V. T. Hall, " Analytical ChemMry." V<d. I, Qualitative .Vnalyd<, ?.'ew York, 1037. 
C. E. M. Cliamot and C. W. .tIn=on, " Handbook of f’liemlc.al .Mlcro<i 
S. N. Strafford, " Detection and Detennination of Small amount.s 
Methods," Iloyal Institute of Clieinldry, l.ondon, lP.1-3. 

H. Hopkin and Williams, Ltd., " Orcanic ItoaKent.s for .'letnls and for certain .Veld ItadlcaK," London, ItM'-l. 
B. British DniR Hou'cs, Ltd., " B.D.lt. Book of OrRaiilc IteaRcnt.s for Ariatvtic.al Hsc,” fK>iuton, Ipil. 

A. Artiolcs on Dnof Bkactiokp (" Spot " Tusts) and <’oi.ouiMr.Tr.Y, Vol. 11, hTm and Rf.yt, rc^iv'etivoly. 


Bcferenccs to the lllctntnrc arc well covered by the ahovc-inentloned \votl;«. Addlt lonal refeh-ners have heen 
added to the tabic. Some of (lie article.son .-Dialyt leal Chemistry In tlio .-tnimal ItiiKirtsofthe Chemical Sitch ty, 
London, review recent work on the subjeet. I. .Mrllan, " OrRanlc BeaRcnt.s in InotRanle .Vnaty •ds," 1'hllad‘ lphla, 
1041, contains much luformation relntiuK to drop n-aeltons, with mimetous tererenci s to the lii.-ratun' con- 
ceming each reagent. A hrief review of the snbjert Is given by IVigl, " Organic I’.eagenis In Organic .Inaly-ih," 
Ind. Eng. Chem. [Ana!.], 1030, 8, 401. Drop reactions of.sinTlal interc'.t theorellcally are described and dis- 
cussed in three recent articles by Fclgl, .1. Chem. T.dnc. 1043, 20, 137, 171, 210, 21'^ ; H> 14, 21, 291, 3 17, 479 ; 
1945,22,30,342. r 


The table above contains no reference to tiio intorfcrence.s to wliicli n tost is snbjert. Many 
of these trill be found mentionccJ in the tvorks referred to, mid jmrtirulnrly in t!ir .siirci.al ndVr- 
ences given in the last column of the table. Any nttcinpi. at tabulating intcrfrn'turs to single 
tests rvonld have been only ini.slcnding, and lienco lias been omitted. It must bo remoinborrd. 
however, that these interferences nro often nnmerons, and whenovi'r tinrorlainly exists tlio wisest 
course of action is to check the validity of a Ic.st at the time it i.s niado by ine.'ins of a conlrol or 
blank experiment performed under conditions n.s nearly ns possible idi'nlienJ with Ihosc ttmler 
which the test itself is carried out. 


Apflicatioxs to Pn.ycTiCAh Pironimats. 

_ A glance at Feigl’s book on " Tiipfclroak- 
tionen ” will show how many and varied arc the 
Uses to which drop reactions can bo put in the 
investigation of technical problems, and how 
wide is the field that these problems cover. 
Only a brief review of some of these applications 
can be attempted here, but this will servo to give 
an idea of their scope and interest. 

Qualitative and Quantitative Inorganic 
Analyses on a Macro-scale.— In ordinarj^ 
macro-analyses drop reactions provide admirable 
confirmatory tests after the main separations 
mto groups and sub-groups have been offocted. 
the emchonme-potassium iodide teat for bis- 


niuth, llio Bhodamiitc-11 test for antimony, the 
" endion ” Ic.st for catlminm, and the “ inng- 
ncson ” test for inngne.sium, to mention n few, 
nro good c.vntnplc.s of (his. Drop reactions can 
also ho made to deal very Bijcressfnlly with the 
small prccipitate.s, cine possibly to faulty incthod.s 
of separation, tliat so often are troublesome in 
an ordinary analysis. Tlioy have heen n.sed, too. 
for identifying the “ insolubles ’’ of ohomical 
analysis (.see l'’oigI, hrikrochem. IPUG, 20, 19S; 
and. 37 ., p. 3(3.‘5), for doted ing acidity and 
basicity in slightly soluble mutcfinl.s (h'cigl cl al, 
Ind. Eng. Chem. [Anal.], 1012, 14, BIG, TilO), 
and for testing the purity of ehemical reagents. 

In quantitative woi'k thoy- servo in examining 
Ifiliralos for complotcncss of precipitation, and 
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for the contamination of precipitates by co- 
precipitated ions. , 

Qualitative Inorganic Analysis on 
Micro- and Semi-micro-scales.— Several 
schemes for the systematic analysis ot smaU 
amounts of material on the micro-scale have 
been known for some time (see E., p. 3o^ 

Vol. I, p. 493; and 0. J. Engelder, 1. H. 
Dunkelberger, and W. J. Schiller, “ Semi-micro 
Qualitative Analysis,” New York, 1936), and 
the more recent work includes a series of investi- 
gations for the separation of cations into groups, 
their identification, and estimation on a milli- 
gram-scale (Eenedetti-Pichler and co-workers, 
IHikrochem. 1936, 19, 239 ; Mikrochem., Molisch 
Eestschr. 1936, 3, 36 ; Ind. Eng. Chem. [Anal.], 
1937, 9, 689; 1938, 10, 107 ; 1939, 11, 117, 294; 
Mikrochem. 1938, 24, 16), the separations bemg 
based mainly on those of A. A. Noyes and W. C. 
Bray (“ A System of Qualitative Analysis for 
the Rare Elements,” New York, 1927). By 
means of a special technique (Benedetti- 
Pichler ei al., Ind. Eng. Chem. [Anal.], 1937, 9, 
483 ; 1942, 14, 813 ; 1943, 15, 227) separations 
for the qualitative analysis of 1 pg. of solid 
material are being investigated. 

The various Noyes-Bray groups are also being 
put on a semi-micro-scale (Miller and Lowe, 
J.C.S. 1940, 1268, 1263 ; JliUer, ihid. 1941, 72, 
786; 1943, 72). In all these schemes, drop 
reactions play an essential part. (See also 
Dobbins el ah, J. Chem. Educ. 1939, 16, 94; 
Dobbins and Southern, ibid. 1942, 19, 479, for 
other, less complicated, separations.) 

Mineralogy and Petrology. — The mineral- 
ogist, and the geochemist are often faced with 
the problem of identifying small quantities, 
sometimes only tiny particles, of opaque 
materials for which microscopical examination 
gives little or no help. Here the discriminating 
use of drop reactions often serves to identify the 
constituents of the rock or mineral, and even 
when valuable information has been obtained 


by petrological examination, drop reactions can 
frequently provide a quick and easy means of 
establishing the presence of certain elements in 
many types of rock, ore, and mineral (see Feigl, 
he. ; Watson, Min. Mag. 1936, 24, 21). The 
Behrens tests are popular with some mineral- 
ogists, particidarly American (see M. N, Short, 
“ Microscopic Determination of Ore Blaterials,” 
U.S. Geol. Survey, Bulletin 914, 1940), and a 
selection of tests suitable for determinative 
mineralogy has been made (Staples, Amer. Min. 
1936, 21, 613). 

Recent developments in the contact-print 
method for the determination and localisation of 
metallic minerals (Gutzeit, Amer. Inst. Min. Met. 
Eng. Publ., 1942, No. 1457) are of interest. In 
tins method, gelatin-coated paper is impregnated 
with a suitable attacking reagent, pressed on the 
polished surface of the mineral specimen, and 
then removed for development in a reagent that 
is selective for the desired constituent. The 
elements in a polished smface can thus be 
identified and located by colour reactions with 
little or no damage to the specimen. The 
method is reminiscent of that used for the 
location of phosphate in a rock by means of 
ammonium molybdate and benzidine (Feigl, 


he.), and for the identification of mineral 
particles that cannot -be recognised by micro- 
scopical examination (Rey and Zeicher, BuU. 
Soc. chim. Belg. 1937, 46, 173 ; see also Yagoda, 
“ Analytical patterns in the study of mineral 
and biological materials,” Ind. Eng. Chem. 
[Anal.], 1943, 15, 136 ; and Yagoda, “ Localisa- 
tion of copper and silver sulphide minerals in 
polished sections by the potassium cyanide etch 
pattern,” Amer. Min. 1945, 30, 51). 

Metallurgy. — Of the many applications of 
these drop reactions to metallurgy, which range 
from reactions on the surface of the metal (see, for 
example, Evans ei ah, Analyst, 1945, 70, 75) to 
complete dissolution and systematic analysis of 
the sample or the search for one particular 
constituent or impurity, one example wiU "be 
given, as it typifies the combination of electro- 
chemical technique with colour reactions. In 
this “ electrographic ” method, the metal or 
alloy is made the anode, and graphite or a suitable 
metal the cathode, whilst filter-paper moistened 
with an electrolyte and the'reagent giving the 
colour reaction completes the circuit between 
the electrodes. On passing a small current for a 
few seconds or less, the metal dissolves anodically 
and reacts with the reagent in the paper to give 
the identifying colour. In this way, chromium 
has been recently detected in stainless steels, in 
alloys, and in plating by the hydrogen-peroxide 
test (Calamari, Ind. Eng. Chem. [Anal.], 1941, 
13, 19), and molybdenum in steel alloys by the 
thiocyanate-stannous chloride reaction after 
precipitation as lead molybdate (idem et ah, 
ibid. 1943, 15, 71 ; see also F., p. 481, and 
Hunter, Churchill, and Mears, Metal Progress, 
1942, 42, 1070 ; the electrographic method has 
also been applied to minerals). The method is 
very quick to carry out, and does little or no 
damage -to the specimen. (See also Niessner, 
Angew. Chem. 1939, 52, 721 ; Lemer, Ind. Eng. 
Chem. [Anal.], 1943, 15, 416, for detecting gold in 
plating). 

Other Applications. — ^As examples of recent 
applications showing the steady extension of 
these reactions in many fields, mention can be 
made of the identification of drugs (Rojahn.e< ah, 
Pharm. Zentr. 1937, 78, 81, 127, 146), the detec- 
tion of traces of nickel carbonyl in oils and gases 
by its reactions with dimethylglyoxime and 
dithizone (Steiger, Mikrochem. 1937, 22, 216), 
the distribution of injected heavy metals in cell 
tissues and in the cell contents of plants (Prat, 
Mikrochem., Molisch Festschr. 1936,' 342), or 
that of chlorides on the surface of wood or con- 
taminated fabric (Lennox, J. Proc. Austral. 
Chem. Inst. 1936, 3, 313), the recognition of pig- 
ments from paintings without damage fo the 
latter (August!, Mikrochim. Acta, 1938, 3, 239), 
and the detection of the solubility corrosion of 
metals by sea-water (Atldns, Trans. Faraday 
Soc. 1937, 33, 431). In criminology, too, there 
is clearly a large field of application. 

Finally, wide and growing use is now being 
made of these reactions in the qualitative 
analysis of organic substances (Feigl, he.). 

Conclusion. — The study of drop reactions 
with their utilisation of organic compounds in- 
volves muuh that is of theoretical interest on 
subjects such as co-ordination compounds, the 
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sensitivity of cliemicnl reactions, their masking 
by different reagents, and their enhancement by 
the catalytic action of certain substances, the 
activity of certain atomic groupings towards 
different ions, and the effect that capillarj' 
phenomena have in chemical processes, whilst 
on the practical side these reactions provide a 
valuable analytical weapon for attacking with 
relative ease problems that could be solved by 
the older methods often only with difficulty and 
much uncertainty. 

L. S. T. 

JHCROCHEJnCAL OPERATIONS. 

Sublimation. — Sublimation is useful in the 
purification, separation, and identification of 
organic compounds. Under suitable conditions 
many organic compounds, including glucosklcs 
and amino-acids, sublime to give characteristic 
BubUmates, wliich may frequently be used to 
identify a substance that decomposes below its 
melting-point. A minute cr}-stalIino 
sublimate may be used for micro- 
melting-point determinations. 

The best ci^-stallino sublimate is 
obtained when its formation is slow, 
and the cooling distance is small, the 
temperature of the receiver being only 
a few degrees lower than that of sub- 
limation. 

In Solty’s apparatus (Fig. 1), the sublimation 
is carried out in a stream of air, and the f-iib- 
limate is filtered from blovm particles by parsing 
through a wall of coarsely fritted glass, and 
received on a condenser through which water is 
circulating. The sample may bo placed in a 
small boat in the right half of the tube, or on 
the glass walls of the apparatus, which is 
heated in a metal block; the temperature of 
subhmation is rend on a thermometer inserted 
in the block. This apparatus may bo used under 
either ordinary or reduced pressure, and is useful 


for preparing largo samples of sublimate (fi-15 
mg.) for subsequent quantitative analysis. 

Edcr’s apparatus (Fig. 2) is adapted for the 
sublimation of verj- small amounts of material 
for microscopic examination and for melting- 
point determinations under the microscope (Edcr 
and Haas, !Microchcm., Emich Festschrift, 1930, 
43). The sample (0-1 mg. is sufficient) is placed 
in the bulb in the bottom of the tiilK* and heated 
in a suitable bath ; the sublimate is formed on 
the underside of the cover-slip, which should Iw 
onij' a few mni. above the surface of the heating 
batii, in order to ensure good cn>tal formation. 
It. is obvious that the he.ating must be carried 
out very cautiousU’ and slowty, or the sublimate 
will disappear, as the cooling range is only a few 
degrees. Witli this apparatus vcty low pres- 
sure.s may be used, and it is especially suited for 
use with substances of which sublimation is 
difficidt, f.p„ bydro.vyproline. There is no 
definite “sublimation temperature," and the 
required temperature can only be defined cm- 



Fm. 1, 

pirically acconling to the apparatus and the 
conditions. 

.‘'Ublimntion may aKo Ik? carried out under 
the microscope, any type of melting-jKunt block 
dcsicned for the micn)seo}>c stage being u«ed. 
It is not gcnendly satisfactoiy to u'C rcducwl 
pro-sure, but the extremely short cooling 
distance (about O-.'i.S mm.) aids the formation of 
good cn’.sfalline .sublimates. When the melting- 
point block (Fig. 3) is u«cd. Ihexcccivcr is often 
placed on the top surface of the block, but two 
cover-slips separated by thin strips of glass may 



be used, one above the other, for material anc 
sublimate. Only very small samples should hi 
^ed m this apparatus; about 30-50 ug. ol 

is ample, or a few small crj'stah 
ot tairly pime material. 

Melting-Point.— Th( 

method of meltmg-point determination undei 


the microscope offers the advantages that all tlio 
accompanying phenomena are observed, and 
even substances which decompose before molting 
may be identified by the appearnneo or melting- 
point of their decomposition products. 

There are a large number of different designs 
for heating blocks suitable for the microscope 
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stage. Electrical heating is the most effective 
and an accurate thermometer is preferable to a 
thermoelectric couple for reading the temper^ 
ture. Blocks may be constructed for use -with 
either reflected or transmitted light ; the latter 
has the advantage that polarised light may be 
used, in which case anisotropic substances (hs- 
appear from view at their melting-point, owing 
to the formation of an isotropic liquid. As a 
very large number of substances are doubly 
refracting, this type of block renders the reading 
of the melfing-point very simple._ - 

A block may be constructed in any efficient 
workshop. Eig* 3 shows a home-made block 
(H. V. A. Briscoe and J. W. Matthews, “Micro- 
chemical Methods suitable for General Analytical 
Practice,” Royal Institute of Chemistry Lecture, 
1934) for use with transmitted light. A good 
thermometer, preferably verj’’ short, to obviate 
stem correction, is inserted in the hole in the 
top, a drop of mercury ensuring perfect contact. 

Fuchs (Mikrochim Acta, 1937, 2, 317 describes 
a heating-block of polished copper, for use 
with reflected light, which has a circular 
built-in thermometer and has the advantage 
that the melting of the sample and the thermo- 
meter may be observed simultaneously, one eye 
being used for each. The crystals to be ob- 
served are placed on a small polished black plate 
on the block. 

In all types of electrically heated blocks the 
speed of heating is regulated by an external 
resistance. At first the rate may be 10-20°c. 
per minute, -until 10-15°c. below the melting- 
point, when the rate is reduced to 2®o. per 
minute. Very volatile substances should be 
heated rather more rapidly in the region of their 
melting-point, to avoid sublimation. The 
crystals tmder examination are heated between 
two extremely thin cover-slips. Melting-points 
below 200°c. may be read with an error not 
exceeding ±1° (±2° above 200°C.). 

A simple and accurate design for a melting- 
point apparatus consists of a thermometer with 
a flat-sided bulb on which are placed the crystals 
under observation ; this fits in a metal block 
which is heated either electrically or by means 
of a small burner. 

Determination of Boiling-Point.— Boiling- 
point determinations may be carried out by 
Emich’s method (E. Emich, “ Microchemical 
Laboratory Manual,” trans. by F. Schneider, 
Chapman and HaU, 1932) with very simple 
apparatus (Fig. 4) ; a capillary tube of about 
1 mm. bore is draivn out to a hair-fine capfilaiy 
at one end (Fig. 5). The liquid under examina- 
tion rims up the capUlary tube when the hair-fine 
tip is inserted into it, filling it to a length of 
about 1—2 cm. The tip is then rapidly sealed 
in such a way that a small bubble of air is 
enclosed below the liquid. One or more of such 
tubes are then fixed, with a drop of liquid, on a 
microscope shde which is attached by a rubber 
band to a thermometer and immersed in the 
heating bath. On heating, the bubble expands 
slowly until the bofling-point is reached, when 
it suddenly increases in volume, driving the drop 
of liquid to the level of the surface of the bath. 

Extraction. — A number of different types of 
micro-extraction apparatus have been devised. 


usually with some particular problem in view, 
or for use with the type of microbalance avail- 
able. Gorbach’s apparatus for the extraction 
of fat was specially made for use with the 
torsion microbalance of small load capacity. 
As this balance is a rarity, the Titus and 
Melocke extractor, for use with an ordinary 



microbalance of the type used by Pregl, is of 
more general application (Ind. Eng. Chem. 
[Ajial.], 1933, 5, 286). It is a micro-Soxhlet 
extractor, designed originally for the determina- 
tion of the ether extract of lake-water residues 
prepared by the evaporation of known volumes 
of water. Its efficiency as a fat .extractor, 
as tested by comparison with the Soxhlet macro- 
extractor, is shown in the Table below. 


Sample. 

Macro, %. 

Micro, %. 

pry Bkfm milk . . 

0-08 

0-07 


0-08 

009 

Casein 

0-16 

O-10 

. 

0-15 

0-19 

peed sample . 

5-0 

5-43 



5-43 


Typical results obtained in the extraction of 
lake-water residues are given below. 


Sample. 

Weight of 
sample, mg. 

Weight of 
extract, mg. 

0/ 

/o« 

I 

15-671 

0-164 

4-05 


12-785 

0-138 

1-08 

II 

14-903 

0-219 

1-47 


13-800 

0-205 

1-49 

III 

10-603 

0-037 

0-35 


13-605 

0-050 

0-37 
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tion, and if the tip is placed only about 1 mm. 
above the precipitate, it can remove almost 

all the bquid. . 

Crystallisation. — CrystaUisation may be 
carried out on almost any type of small appara- 
tus, such as a microscope sbde^ heated on a 
micro-melting-point block, a micro-centrifuge 
tube, heated in a metal block or over the water 
bath, a micro-beaker of capacity 3-10 ml., or a 
micro-Kjeldabl tube. The micro-Kjeldahl tube 
(20 ml. capacity) is very convenient for worldng 
with very volatile solvents, and may be fitted 
with a long glass tube as reflux condenser and 
heated in warm or hot water. When the reflux 
tube is removed, as much of the solvent as is 
desirable may be evaporated, and the last ml. 
quantitatively transferred to another vessel, 
about three washings of 1 ml. being used, as in 
the normal micro-Kjeldahl procedure. The use 
of micro-Kjeldahl tubes has proved valuable in a 
number of biological preparations where the 
amount of starting material is, of necessity, 
large in relation to the quantity of product. 

Where economy of material is of primary im- 
portance, it is advisable to use sealed capillary 
tubes for recrystaUisation. Capillary tubes of 

1- 2 mm. diameter and 7-8 cm. long are a con- 
venient size. A constriction is melted about 

2- 3 cm. from one end to hold a small plug of 
asbestos in place. Both ends of the capOlary 
are then drawn out and the solution drawn in at 
the longer end. The opposite end is sealed first, 
and, after this has cooled, the other end. The 
tube is cooled to the desired temperature in a 
freezing mixture and then centrifuged so that the 
liquid is filtered through the asbestos. The 
capillary is then cut between the crystals and 
mother liquor, each of which can be further 
dealt with as necessary. 

Distillation. — ^Micro- distillation is a simple 
operation, and the apparatus is varied accqrding 
to the temperature and the number of fractions 
desired. Smith’s apparatus (Fig. 8) is all glass. 


this consists of a small pear-shaped flask with a 
long narrow neck in which a bulb is blown, and 



Fia. 9. 


Fig. 10. 

the top of the neck bent as shown in the figure. 
The volatile distillate condenses in the bend at 




Fig. 8. 


the top of the neck and can be re- 
moved by means of a capillary 
tube drawn out to a hair-fine tip. 

Fluorescence. — ^A large num- 
ber of substances exhibit the 
phenomenon of fluorescence in 
ultra-violet light, and such sub- 
stances can readily be detected 
under the microscope, light from 
a carbon arc, or other similar 


drawn out of glass tubing of 5—10 mm. diameter ; 
the original tubing is left as a series of bulbs, 
and the drawn-out portions are bent round so 
that each bulb will fit in a bath heated at the 
desired temperature. Ordinary or reduced pres- 
sure may be used. The bulbs are severed from 
each other when the distillation is complete. 

Another distillation apparatus is shoivn in 
Fig. 9 ; the small thermometer hangs on a 
hook under the ground-in stopper, which also 
carries a capillary inlet. Micro-distillation can 
micro-Kjeldahl tubes as 

distilhng flasks. 

Simple distfilations of a very small amount of 
volatile hquid from a relatively large bulk, mav 
be earned out in Piohler’s apparatus (Fig. 10) ; 


source, being focussed by a lens 
system on to the platform of the^ microscope. 
The use of the fluorescence microscope is 
especially important in the examination of food 
and drugs, and pharmaceutical products, for a 
substance with a typical fluorescence is easily 
distinguished under the microscope, even in the 
presence of excess of foreign material. 

J. W. M. 

ORGANIC MICRO-ANALYSIS. 

Determination of Molecular Weight by 
the Method of A. Rieohe. 

Rieche’s apparatus (Ber. 1926, 59 [B], 218) 
(Fig. 1) is more suitable for solvents of higher 
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boiling-point, such as benzene, water, pyridine, 
or glacial acetic acid, although it entails the use 
oft ml. of solvent and, consequently, of 15-2.5 
mg. of the substance. Even a transitory over- 
heating of the Beekmann thermometer is almost 
excluded in this method, as it is always .sur- 
roimded by a mixture of the boiling liquid and 
of its vapours. The liquid, which is boiled in 
the flask, k, is continually projected, together 
with its vapour, on to the thermometer through 



the nozzle, D ; the vapour condenses in the con- 
denser, wliilst the liquid falls back into the boil- 
ing-flask tlirough the tube, f. The tube is 
provided with a small bafllc-conc, n, which pre- 
vents the liquid from passing in the reverse 
direction. The hquid is heated over an asbestos- 
covered wire gauze by means of a micro-humor. 
Superheating is avoided by the use of platiimm 
tetrahedra weighing 0-3 g., and the apparatus is 
protected against air currents by a simple card- 
board cylinder. As in this apparatus a certain 
proportion of the substance is always present in 
the vapour form, the results aro usually slightly 
low, but never by more than 5%. 

In order to carry out a determination, the 
pmtinum tetrahedra are inserted in the cleaned 
and dried apparatus, after which the bafllc-conc 
B introduced and the thermometer also inserted 
y means of a tight-fitting cork, and carefully 
adjMted so that the bulb is completely covered 
by the inner tubular cylinder, e, in which posi- 
tion its_ lowest point is about 6 cm. below the 
uper nm of the apparatus. The whole asscm- 
uiage 18 then clamped into a stand above the 


n.sbcstos-covcrcd wire gauze and surrounded by a 
vertical cardboard cylinder. By means of a 
tnred pipette, -1 ml. of .solvent arc added tlirough 
the side-lube, s, which is then closed with a cork. 
The second side-tube is then closed with a cal- 
cium-chloride tube, and the condcn.scr, which is 
completclv drv, is so inserted that it docs not 
touch the' wall of the lube at any point. The 
micro-burner is placed c.xactly under the centre 
of the boiling-flask at a distance of 1-3 cm. 
below tho gauze, .so that the luminous point of 
the flame just touches the latter. If the heating 
is too .strong it will be found that the liquid 
merely boils in the descending tulw and that the 
nozzle docs not act ; under these condition^ the 
thermometer rending is not con‘-tant. 'Ibis 
difliculty is overcome' by reducing the flame and 
raising it to a shorter distance from the gauze. 

When the temperature has remained constant 
to within 0002 c. throughout 5 minutes, tho 
first tablet, weighing 15-2.5 mg., is introduced 
through the .side-tube, .s. It i*- .suflicient to 
weigh this to within 0-1 mt;. .After 2 or 3 
minutes the second tennH'mfun' rending is taken. 
If this remains constant throughout a further 
2 minutes, a second tablet is added, and the 
third reading of the temperature is taken after 
remaining constant for another 2-3 minute.s. 

If. when using jiyridine or elaeial nectie acid, 
if is found that the thermometer bulb is sprayed 
with a foaming liquiil which sports into the 
descending tube, tlu' thermometer should 1 k' 
raised to .such a position that its bulb is siluatod 
only 1-2 cm. below the no/zb'. 

I'or substances ami solvents which nn* liable 
to be superheated, Itieche (Chem.-’/tg. 132?', 52, 
023) recommends Imiling the solvent in a parafin 
bath. 

DnTr.uMiK.vTios* or H.m.ocjkn.s, StM.nifr., 
•wn An.sr.sn; nv xiir. Bomu .Mr.Tiion. 

[*SVc, Beamish, Inil. Eng. (’hem. [.Anal.], 1033, 
5, 318; Elck and Hill. .1. Amer. ('hem. .S)c. 
1033, 55, 2.550 (halogens); itirtn, ilnd., p. 3(70 
(.sulphur); Parr, ihid. 1008, 30, 7t>l (usi- of 
sodium peroxide); Beamish and (.'ollins, Ind. 
Eng. Chem. [.Anal.]. 1031, G, 370 (arsenic); 
•T. B. Nicdcrl and V. Xiederl, " Alicromethods 
of Quantitative Organic Elementary .Analysis,'* 
.1. Wiley and .Sons, Inc., 1038, p. 125.] 

Determination of Halogens. 

Principle . — ^*1110 organic halogen compound is 
fused with a mixturo of potn.ssium nitrate 
sodium i)oroxide and cane sugar in a micro 
bomb, to yield ionisablo halogen which is preeij)! 
tnted and weighed a.s silver halide. 

Apparatus . — Tho bomb (Fig. 2) for tho fusion 
consists of a fusion cup of 25 mm. depth and 
13 mm. inside diameter, and is made of “ illium " 
(an alloy containing Ni 58-10, Cr 28'80, Cu 7'95, 
Mo 3-52, W 2-38, Mn 1-72, Si 0-70, Fe 3-10, 
C 0-32%) or nickel. Its wall is PS mm. thick 
and has a lip 3 mm. wide, on which tho lid, 
w'hich serves ns a cover, rests. Tho cup has a 
rounded base and a small eyelet at tho bottom. 
Tho lid of tho bomb is hold securely in position 
by an arched clamp with a light-fitting screw. 
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Reagents . — ^All reagents must be halogen-free. 

Potassium nitrate. 

Sodium peroxide. 

Concentrated nitric acid. 

Dilute nitric acid (0-1%). 

Silver nitrate solution (5%). 

Hj'drazine sulphate. 

Cane sugar. 

Procedure.— Three hundred milligrams of a 
mixture of potassium nitrate and cane sugar in 
the proportion of 3:1 should he placed on the 
bottom of the bomb and about 6 mg. of the 
sample on the surface of the mixture. To this 
mixture is added 1‘5 g. of sodium peroxide ; the 
lid is then screwed tight and the contents are 



Fig. 2. — ^Bomb. 

A, Cup ; B, Lid ; c, Screw-clamp ; ej and C 2 , Eyelets 

thoroughly mixed by shaking the bomb. It is 
important to mix thoroughly to bring about 
complete oxidation. After tapping the bomb 
repeatedly so that tlie contents settle to the 
bottom, it is ready for the fusion. 

The bomb is held by the milled head of the 
clamp screw, either with tongs or by a piece of 
stout wire passed through the eyelet in the head 
of the screw, and gradually introduced into the 
upper part of a Runsen flame. The fusion is 
complete in about 10 seconds ; the exact time 
can be determined readily because the dis- 
turbance within the bomb can be felt. It is 
advisable to hold the bomb in the flame for an 
additional 16 seconds in order to fuse the entire 
reaction mixture. A few seconds afterwards the 
bomb is cooled under the tap. 

bomb is first rinsed on the outside with 
distilled water, and then opened, and the inside 
of the hd is washed with hot distiUed water. 
The washmgs are collected in a Pyrex test tube. 
The cup is placed in the test tube and enough 
hot distilled water, about 15 ml., is added to 
cover the bomb. The test tube is shaken to 
ensure complete solution of the fusion mixture. 
After the fusion mixture has completely dis- 
solved, the cup is removed with a looped nickel 


wire and rinsed with distilled water, and the 
liquid added to the original solution, which is 
cooled in an ice bath and acidified with 6 ml. of 
concentrated nitric acid. The solution is filtered, 
with slight suction, into another lest tube, and 
the filtrate heated with 1 ml. of 6% silver 
nitrate solution. Chlorides or bromides are 
usually precipitated immediately, but with 
iodides, a precipitate may not be formed ; this 
is due to the fact that the iodide is oxidised to 
iodate. 

This oxidation does not occur with chlorides 
and only to a slight extent with bromides, but 
it is practically quantitative with iodides. 
Whether a precipitate appears or not, the solu- 
tion is placed on a steam bath and 100 mg. of 
finely po^vdered hydrazine sulphate added. The 
test tube should be left on the steam bath until 
the precipitate has coagulated; then the solu- 
tion is cooled, and the resulting precipitate 
filtered on to a filter tube, washed with 60 xnl. 
of 0-1% nitric acid solution, dried, and weighed. 
A complete analysis requires about 45 minutes, 
and two analyses can be made in an hour when 
two bomb cups are used. 

It is usual to weigh out the required quantities 
of sodium peroxide, potassium nitrate-sugar 
mixture, and hydrazine sulphate into small test 
tubes, and to mark the level of the reagent in 
the test tube. Since the amount of reagent 
used needs to be only approximate, later quanti- 
ties can be measured instead of being weighed. 

Determination of Suiphur. 

Principle . — The organic compound containing 
sulphur is fused with a mixture of potassium 
nitrate, sodium peroxide, and cane sugar in the 
metal bomb. The presence of the oxidising 
agents ensures quantitative oxidation of the 
sulphur to alkali sulphates. The sulphate thus 
formed is precipitated with barium chloride, 
and the resulting barium sulphate precipitate 
weighed. 

Apparatus and Reagents . — The apparatus and 
the reagents, except the 10% barium chloride 
solution, are the same as in the halogen deter- 
mination. It is important, however, that the 
rubber washer of a ne\k bomb is boiled with 
caustic soda before being used. The reagents 
must be free from sulphur or its oxidation 
products. 

Barium chloride solution (10%) : Ten grams 
of barium chloride (BaCl 2 , 2 H 20 of 
analytical purity) are dissolved in 100 ml. 
of distilled water. 

Procedure , — ^In the cup of the bomb is placed 
0-3 g. of a mixture of potassium nitrate and cane 
sugar (3:1), and 4^8 mg. of the substance to be 
analysed are added. The sample is covered 
with 1-6 g. of sodium peroxide, and after 
clamping the lid in position the bomb is well 
shaken to effect thorough mixing. Fusion and 
subsequent dissolving of the fusion mixture are 
carried out as described for the halogen deter'^ 
mination. The resulting solution is cooled in 
an ice-bath, and then 6 ml. of concentrated 
hydrochloric acid are slowly added. The acid 
solution is filtered on a small Buchner funnel to 
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remove particles of carbon, and both test tube 
and filler arc rinsed with distilled water. 

The filtrate is transferred in 10- to 20-inl. por- 
tions to a well-steamed 50 ml. round-bottom 
Pyrex glass dish with a spout ; 0-5 ml. of 10% 
barium chloride solution are added to the liquid 
in the dish and the whole evaporated to drjmess. 
The soUd residue is moistened Avilh 10% 
hydrochloric acid solution, and the evaporation 
repeated. The final sohd residue is taken up 
in 20-30 ml. of distilled water, and allowed to 
stand for 12 hours. The precipitate is then 
collected, dried, and weighed. 

Determination of Arsenic. 

Principle . — The organic arsenic compound is 
fused in the bomb AAuth sodium pcro.'fidc, in the 
presence of sucrose, to give ar.'-enic acid, which 
is determined iodomctrically. 

Procedure . — A quantity of .sucrose, 20-2.5 mg., 
is placed in the bomb, and the weighed samjile 
added. Tho amount of .substance taken for 
anal 3 ’sis is adjusted to contain l-.'>-3 mg. of 
arsenic. Approximalclv’ 1 g. of sodium per- 
oxide is added to the material in tiie hoinh ; tlie 
bomb is tightl}' screwed and shaken well to elTett 
thorough mixing of the siibstnncc Avith tho re- 
agents. Tlic bomb is tapped repcatcdlA' to 
ensure settling of tho charge on the bottom of 
the cup, and then ignited Itj’ heating it in the 
tip of a small hot llamc for about -10 seconds. 
The bomb should be cooled before being plunged 
in cold water, and alien it has cooled siiflicienth" 
to permit its handling, the lid is removed and 
rinsed AA-ith di.stillcd Avatcr, AAhich is collected 
in a PjTcx test tube. Tho cup is placed in tho 


1 1 

test tube and enough distilled Avatcr added to 
cover it, and then tho contents of tho tc.st tube 
arc heated over a small flame to dissolve the 
melt. When the fusion mixture has compicteh' 
dissohed, tho cup i.s removed Avith a looped 
nickel AA-irc and rinsed thoroughh' AA-ith distilled 
AA-atcr. Tho test tube is then placed on a steam 
bath and the liquid concentrated to a volume 
of about 10 ml.; tho- heating also romoA'cs 
bvdrogen peroxide. Then tho solution is cooled, 
12 ml. of concentrated liA'drochloric acid are 
added, and the liquid is nlloAAcd to come to room 
temperature b^* placing tho tc.st tuln) in a Avnter 
bath. One ml. of frc.shly prepared 10% i>otas- 
sium iodide solution is added, and tho liquid is 
alloAvcd to stand for cxaclh’ 3 minutc-s and 
titrated Avith O OlN. sodium thiosAdphato solu- 
tion until onl\‘ a faint j'cHoav colour remains. 
U])on addition of .3 drops of 1% starch indicatftr 
sohition, tho titration is completed to the usual 
end-point, Avhich is beached Avlien the liquid 
remains colourlc'-s for at least r> luinAites. A 
blank titration of the reagents .should In* c.arried 
out, and th" blank value, Avhich .should not 
amount to more than 0-3 ml., must l>o iledtuted. 

DnTr.uMiN.vTio.v or U.iuitos Asn llvnr.oons. 

After considerable experience AA'ith the original 
Prcgl c.arbon and hviirogc-n appamtAis it ha.s 
been fotmd that the chief .souroc.s of error an' 
attribAitable to the use of rubber connections, 
and their elimination ns far ns po-siblo is an 
important factor in ensuring accurate result.s. 
'J'hc modified apparatus (diu' to W. 1*. Roston) 
(h'ig. 3) consist.s of tAvo eleetrie pn-heater'i. A, 
•I in. long, Avith a filling of jdatinised a,sl>estoft 



Fig. 3. 


heated to 650°o. The gases are cooled by mca 
of the Avater jacket, b, Avhieh is connected to t 
preheater tube Avith a ground glass joint, 
sealed Avith Kronig’s glass cement. Tho top 
the cooling jacket joins the pressure regulate 
by means of a single ground glass joint, D, AA'i 
an internally sealed tube enabling tho o.xvgi 
and air to be separated. The pressure regulate 
consist of tAvo round-bottomed tubes, n, 150 mi 
ong and 55 mm. in external diameter, support' 
by a single brass column and hold in position 1 
^tal chps. The regulation of tho gas speed 
efiected by raising or loAvoring the tubes. T 


bubble counter is connected on one side A'ia a 
three-Avay tap to tho gas-bolls, r, and on tho of her 
to a straight tube, o, (i in. long, Avhieh replaces 
tho normal U-tubo; the straight tube has tho 
adA'antago that tho earhon ilioxido absorbent, 
Avhioh forma a hard cake after use, is readily 
TcmoA'ed. Both those connections are mado b^' 
standard ground-glass joints scaled AA'ith Kronig’s 
cement. Tho pilot heating clomont, ir. consists 
of a stool tube in. long and 1 in. in diamotor, 
Avith a moulded Imndon cement grid to take tho 
heating unit. This pilot unit is heated to a 
maximum tompornturo of TbO^o., Avhich is 
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adjusted by means of a resistance, i, fitted to 
the panel of the combustion stand. The long 
burner, J, is 7 in. in length and is adjusted to a 
temperature of 700°c., with a umformity of 
temperature of ±30°. The panel of the com- 
bustion stand has two switches, one, K, for the 
main burner and the other, L, for the pilot. An 
indicator light, m, is connected with the pilot 
burner. Li the centre of the panel is an in- 
dicator, 2f, for the number of halogen com- 
pounds analysed. The accuracy of this rubber- 
free apparatus is within ±0-1%. 

Determination of Active Hydrogen. 

The method of A. Soltys for the determination 
of active hydrogen appears to incorporate most 
of the advantages of previous methods described, 
and in addition permits the estimation of the 
amoimt of reagent actually employed, thus per- 
mitting the quantitative determination of groups 
which react with the Grignard reagent without 
liberating methane to be carried out. 

Principle . — ^The method is based upon the 
quantitative reaction of methyl magnesium 
iodide with substances containing an active 
hydrogen atom (i.e., containing —OH, 
— COOH, NH, etc.); the methane formed is 
collected in a burette and measured volu- 
metrically. The following reaction is involved : 

CH3Mgl±ROH = ROMgl±CH4. 

Apparatus . — ^The apparatus, as shown in 
Fig. 4, consists of two parts : the methane 
generator, and the methanometer. They are 



connected to each other with a rubber tubing 
16 cm. long, having a bore of 3 mm. and an 
outer diameter of 9 mm. 


The methane generator consists of the remoi 
able reactionflask (a), the two burettes (6, and 6, 
the Gngnard reagent stock-flask or reagei 
VMsel (c), and two three-way stopcocks, one < 
which IS on the bottom (S-a) and the other o 


the top (S-6). The Grignard reagent stock flask 
has a capacity of 50 ml. and is provided with a 
ground-glass stopper and two outlets. The 
outlet on the top leads to stopcock S-6. The 
outlet on the side is of capillary tubing, one arm 
of which extends to the bottom of the Grignard 
reagent vessel ; the other arm leads to burette 
62', where it forms an automatic zero-point 
adjustment. The reaction flask, a, which has a 
capacity of 8 ml., is attached by means of a 
ground-glass joint to a hollow stopper, or head. 
The capfllaiy inlet tube (d), which may be con- 
nected either with burette 6j or b^y according to 
the position of the stopcock S-a, is sealed to the 
latter and extends through the hollow stopper 
into the reaction flask. Another capillary tube 
leads from) the hollow stopper up to the right 
side arm of stopcock S-6. Burette 63 is graduated 
to 0-02 ml., and has a capacity of 2 ml. ; it 
serves for the measurement and the introduction 
of the Grignard reagent. Burette 6, is also 
graduated to 0-02 ml., but has a capacity of 1 ml., 
and is used for the introduction of the anfline. 
An automatic shaking device is connected to the 
apparatus by means of a wire attached to the 
capiOary inlet tube. ' 

The methanometer consists of two parallel gas 
burette (63 and 64), each having a capacity of 
7 ml..; both are graduated to 0-02 ml. The 
methane burette 64 carries two three-way stop- 
coclcs, S-c and S-d, at its upper end, which 
facilitate the admittance of methane and dry 
nitrogen, respective!}'. Burette 63 is open on 
the top to permit establishment of equilibrium 
TOth the atmospheric pressure. Its cmrved bot- 
tom is sealed to burette 64, and is provided with 
an outlet which connects both burettes, by 
means of a rubber tubing, to the mercury level- 
ling bulb, which is suspended from a rack having 
a pinion adjustment. 

Seagents. 

Nitrogen should be of 99-9% purity, and is 
used for the preparation of the reagent, as well 
as during the determination, to provide an inert 
atmosphere. Anisole and pyridine are used as 
solvents. Amyl ether is used as the solvent in 
the Grignard reagent. 

Preparation of the Ch-igngrd Reagent . — In a 
200-ml. round-bottom flask are placed 0-6 g. 
of magnesium, 2-5 ml. of methyl iodide, and 
50 ml. of freshly distilled amyl ether. This 
flask is provided with a groimd-glass condenser 
and a sealed-in inlet tube. The flask is charged 
through the inlet tube with nitrogen which 
has been dried by passing it through a wash 
bottle containing concentrated sulphirric acid 
and a U-tube filled with anhydrone. Before 
the start of the reaction the flow of nitrogen is 
reduced to about one bubble per second. Water 
is passed through the condenser jacket, and after 
starting the reaction by dropping in a crystal of 
iodine, the flask is heated for 2 hours on the 
water bath. To remove the last traces of methyl 
iodide the condenser outlet is connected to a 
suction pump, and the rubber tubing connecting 
it to the pump is closed with a pinch-clamp. 
The burner is extinguished and the water passing 
through the condenser jacket shut off, as is the 
flow of nitrogen. The pinch-clamp regiflating 
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the vacuum from the suction pump is then 
slowly opened, the contents of the Sasic tliiis 
being caused to boil; boiling, with the aid of 
the suction, removes the methyl iodide com- 
pletely, although a small amount of amyl ether 
is also lost. As soon as this pinch-clamp is fully 
opened, the pinch-clamp beyond the nitrogen 
inlet-tube is opened to let one bubble of nitrogen 
per second pass through the wash bottle.^ After 
15 minutes the pinch-clamp regulating the 
vacuum is closed, and the one throttling the 
delivery of nitrogen slowly opened completcl}-, 
so that the Sask is agam filled with nitrogen. 
The rubber connections are then removed and 
the top of the condenser, ns well ns the inlet 
tube, closed ivith tight-fitting rubber stoppers or 
rubber tubing. It is advisable to determine the 
strength of the reagent before transferring it to 
the apparatus by ^ssolving about 5 ml. of the 
reagent in an c.xccss of 0•l^'. hj’drodilon'c acid 
and titrating it back with 0-1 K. sodium 
hydroxide. The Grignard reagent should Ix' of 
0-4-0-5M. concentration, because it becomes 
weaker upon transfer to the apparatus, and a 
reagent of less than 0-3 m. concentration redm-es 
the speed of the reaction to an undesirable 
extent. 

Procedure . — The reaction flask is removcil 
from the apparatus and cleaned with ethyl 
alcohol and dilute hydrochloric acid ; the grease 
is removed from its neck with cotton wound 
aromid a notched iron wire and moistened with 
acetone. It is finally rinsed with acetone and 
dried at 100°o. The ground-glass joint of the 
reaction flask is also cleaned with cotton 
moistened with acetone. Stopcock S-o is then 
turned to position III and some alcohol, followed 
by acetone, introduced through burette 
Should there be a deposit of basic magnesium 
iodide in the capillai^', it is removed with dilute 
hydrochloric acid. While the reaction flask and 
the pipette are permitted to dry in a drying 
block, a slow stream of nitrogen is passed througli 
the apparatus, with the stopcocks S-rf and .S-c in 
position I ; air is drawn through capillary d at 
the same time to drj’ burette 5,, and after 
5 minutes the apparatus is readj' for the deter- 
mination. 

Enough substance is weighed in the long-stem 
charging tube to yield about 1 ml. of methane, 
and transferred to the still warm reaction flask. 
With the warm pipette 0'6 ml. of anisole, or 
another solvent, such as pjTidine, is added ; 
then the flask is attached, stopcocks S-d, S-c, 
S-6 turned to position I, S-a to position III, and 
nitrogen passed through the apparatus. The 
reaction flask is immersed in water at room 
temperature and shaken to bring about equalisa- 
tion of temperature. (The charging tube is 
reweighed during this time, because this pro- 
cedure permits the immediate - attachment of 
the still warm reaction flask to the apparatus.) 

If the substance does not dissolve during the 
shaking, the reaction flask is heated to 100°c. 
by placing it on the heating block, and it should 
be noted whether the substance precipitates 
agam after cooling. After 10 minutes the 
temperature has become equalised, and burette 
*2 18 filled with the reagent. Gas burette h. 
IS adjusted to the zero point, and first stopcock 
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S-c, then S-fl, turned to position I, and about 
0*5 ml. of reagent, or an excess over the theo- 
retical amount, run info the reaction flask. The 
mcrcurj' bulb is lowered about 5 cm. and the 
reaction fla.sk shaken for 5 minutes, after which 
time burette b. and gas burette 5^ are read. The 
blank volume and the volume of reagent added 
arc deducted to obtain the volume of methane 
formed b}' the substance. The reaction flask is 
then immersed in boiling water and the shaking 
continued for 10 minutes, because many sub- 
stances react quantitatively only when heated. 
The mcrcurj’ bulb remains lowered during this 
time to create a slight under-pressure. The hot 
water is then replaced by water at room fempera- 
furo, the reaction flask .‘■•haken for nnotlier 10 
minutes, and gas burette b^ read again. lJurette 
b, is then filled with aniline, of which about 
0-7 ml. is run into the reaction flask ; the flask 
is shaken for 5 miniite.s, with the mcrcurj’ bulb 
again lowered about 5 cm. The volume of the 
added aniline is then deducted from the in- 
creased gas volume, and the blank added f(i 
obtain the volume of methane corresponding 
to the amount of unused reagent. The time 
required for the entin' nnah’.«is, including the 
weighing of the .substance, is about one hour. 

LiTirn.iTt’nr. o.v l)i;Tr.nMi.‘«’.\Tiox or Acrtvi; 

JlYDnOOl’.N. 
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W. E. B. 

. MICROCLINE. A triclinic pota.sli-fcl.spar 
similar to orfhoclnso in compo.sition, KAlSi^Oj.. 
Jt almost invariablj’ contains .sodium, and maj’ 
include small quantities of c.a\sium, rubidium, 
and calcium, (.fliaracterised b\’ two tj'pes of 
multiple twinning eros.sing each other nearlj’ at 
right-angles to produce microscopic cross- 
hatching or grating. ros.se.s,«e.s a perfect basal 
cleavage almost perpendicular to a good side 
pinacoidnl one. Colour white, or tinted bj’ 
impurities to cream-yellow or red ; bright green 
microcline is known as nvmzouslouc. p 2’.'>G, 
hardness G. In contradistinction to orthoclase, 
microcline shows no inversion and remains 
unchanged up to its melting-point. When it 
encloses discontinuous bands of the soda fel.spar, 
albitc, it is called microcline perf/nVe, or micro- 
jicrthitc if the bands are verj’ fine. jMicroclino 
is not common in volcanic rocks, but is often 
thc^ main felspar in granitic iregmatitcs, in 
w’hich it may occur as enormous crystals. In 
Karelia, U.S.S.R., a mass weighing over 2,000 
tons had the optical continuity of a .single 
crystal. 

The felspar of commerce, often called ortho- 
clase, probably consists largely of microcline or 
an intergrowth of microcline and plagioclnse. 



MICEOCLINE. 


It is used in ceramics for tlie manufacture of 
pottery, both jn the body of the ware and m the 
o-laze, and is emploj'ed in the glass industry to 
contribute alumina to the glass batch. So™® 
of the pirrest felspar is used in making artificial 
teeth, and the lower grades find much service 
in the preparation of floor tUes, enamels, 
scouring soaps, binders for abrasive wheels, and 
paint filler's. The annual ■world production^ of 
ground felspar is about 600,000 tons, of which 
the United States yields nearly two-thirds. 

D. W. 

^MICROCOSMIC SALT (u. Vol. II, 648c). 

M I C R O L I T E . Essentially a pyrotantalate 
of calcium, but conta i ning also niobium, sodium, 
and subordinate amounts of other elements ; 
(Na,Ca)2Ta„Oe(O.OH,F). With increasing 
niobium it passes gradationaUy into pyrochhre, 
NaCaNbjOgF. Typical analyses show that 
microUte includes TajOg 73, CaO 11, and 
NajO 2-3% (approximately), -with up to 4-2% 
of UOo. Usually crystallises as octahedra, 
often of minute size, hence the name. Colour 
pale yellow to brown, 'with a resinous lustre, the 
darker varieties transmitting light only in thin 
splinters, p 5-1-6-4, hardness 5J. Slowly de- 
composed by concentrated sulphuric acid and 
readily by fused potassium bisulphate. A 
somewhat rare nuneral tj'pieaUy found in granite 
pegmatites, frequently associated with tantalite 
and columbite. Observed as an alteration pro- 
duct of tapiolite, FeT ajOg. 

Reference. — C. Palaohe, H. Berman, and C. Frondel, 
" Dana’s System of Mineralogy,” 7th ed., Vol. I, 
Kew York, 1944, p. 748. 

D. W. 

MICRO - ORGANISMS, GROWTH 
FACTORS FOR. 

I. CONCEPTION AND HISTORY OF 
GROWTH FACTORS. 

The term “ growth-factor ” is used when 
speaking of micro-organisms in the same sense 
as the word “ ■vitamin ” in connection 'with 
animal nutrition. With increasing knowledge 
of the chemical structure of individual vitamins 
and gro'wth-factors, it has become clear that 
neither term denotes a chemical class or a cate- 
gory of biologically active substances. These 
names are a transient convenience for referring 
to essential constituents of an adequate diet 
which have hitherto escaped identification, 
while they stiU remain unkno'wn except by the 
effects of their absence, namely the failure of the 
test organism to grow normally. 'When one of 
these substances has been identified chemically, 
it no longer serves a useful purpose to classify it 
as a ■vitamin or growth-factor ; what is then 
important is its physiological function and the 
mechanism of its action. 

The conception of gro'wth-factors in the 
nutrition of micro-organisms is now being 
replaced by a broader ■view which sees these sub- 
stances as part of a ■wider class of essential 
metabolites.^^' 4®- These are components of 

metabolic reactions which are common to very 
different types of living organisms. There is an 
underlying unity in biochemistry, in that many 
of the biochemical reactions which make up the 
metabolic processes of growth are basicaUy the 


same in otherwise very different kinds of 
organisms. These metabolic processes are the 
chains of co-ordinated biosynthetic reactions 
and their complementary energy-5delding re- 
actions which are the means of building up the 
new living matter produced in growth. The 
essential metabolites may be substrates in some 
of these chains of enzyme reactions, or com- 
ponents of the enzyme systems, etc. Thus 
aneurin, ribofla-vin, pyridoxin, and nicotinic acid, 
which are aU gro'wth factors for numerous micro- 
organisms, are essential metabolites in the sense 
used here ; they are undoubtedly used, at least 
in part, by the micro-organisms which require 
them as growth factors, in order to form part 
of co-carboxylase and aneurin-protein enzymes, 
flavo-protein enzymes, the co-enzyme of tyrosine 
decarboxylase and co-enzymes 1 and II, 
respectively. The substances which particular 
species or strains require as nutrients reflect their 
abilities to synthesise these essential metabohtes 
for themselves ; where the synthetic powers of 
an organism are more, restricted the essential 
metabolites w'hich are required as nutrients vrill 
be correspondingly greater in number and com- 
plexity. Owing to this common biochemistry of 
essential metabolic processes the discovery of'a 
growth factor for one organism gives informa- 
tion about essential metabolic processes common 
to many organisms. Thus the earlier studies of 
rdtamins in animal nutrition, and of gro'wth 
factors, etc., in the nutrition of bacteria, yeasts, - 
lower fungi, and protozoa, which were originally 
carried out independently, are now found to be 
closely connected beca'use of the common usage 
of similar metabolic reactions in the gro'wth pro- 
cesses of aU these types of organism.®®- 34. 47. 64. 73 

Nutritional Studies. — The investigation of 
this field has largely proceeded from the angle 
of nutritional studies, because the reaction to the 
absence of an essential nutrient, namely failure 
of normal growth, provides a suitable test-object 
for tracing a biologicaUy active substance. The 
study of the exact nutritional requirements of 
micro-organisms has proceeded by an anal3d;ical 
approach similar to that used in the study of 
animal nutrition : the fractionation of complex 
nutrient media of empirical composition upon 
which the given micro-organism ■n'iU grow in 
vitro. This leads to the replacement of various 
fractions of the diet by known substances, to 
form a deficient basal medium which supports 
the gro'wth of the organism tmder investigation 
only when a further addition, e.g., a tissue ex- 
tract such as a protein-free liver or yeast extract, 
is made. This extract then ' contains aU the 
additional, and initiaUy unknown, compounds 
which the given organism requires for normal 
growth. These additional imknowns would be 
referred to as “ growth factors ” imtil identified. 
This identification may consist in fractionation 
and purification until the biologically active 
substance present is recognised as a known com- 
pound, or in the isolation and the determination 
of structure of a new compoimd. 

Historical. 

Brief historical reference may be made to the 
development of this ■field. Quite earty attempts 
were made to grow various types of micro- 
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ol-ganisms in media of complotclj* known com- 
position. Many aiiparcnfc successes were later 
found to be erroneous owing to lack of apprecia- 
tion of the minute quantities of substances which 
were adequate to permit easily observable 
amoimts of growth, especially with yeasts and 
hacteria. Not until this whs recognised and 
rigorous methods of working were adopted 
coxdd assured advances bo made in the exact 
analysis of nutrient needs. 

Bacteria. — ^^Vinogradsk}’,^*'■, see the dis- 
coverer of the chemosynthesising nutotropliic 
bacteria, grew these organisms in simple mineral 
media. This was possible because of the special 
t}"pe of metabolism, involving highly dcvcloi>ed 
sjmthcsising powers, which is characteristic of 
this tjq)e of bacteria. For example, carbon 
dioxide can be used as sole source of carbon, atul 
nitrate or nitrite as sole source of nitrogen, b}* 
certain of these organisms; inort', comj)lcx 
organic compounds are not required by them as 
nutrients.'^®’ But attempts to use almost 
equally simple media for hctcrotrophic bacteria 
with a carbohydrate (glucose) as source of carbon 
and energy, and ammonium salts or asparagine 
as source of nitrogen, together with various 
salts, had limited success for reasons which only 
subsequently became apparent. The school of 
Braun, from 1920, onwnrds,^ was successful in 
cultivating certain organisms of the Snlinoiflla 
group, and similar “ enteric ’’ organisms, in 
chemicalljf defined media of simple composition, 
but it became evident from this and other work 
that even within these species [EberthtUa 
typhosa, Sahwndlic, organisms of the dysenterj* 
group, etc.) onlj’ some strains — named “ non- 
exacting ” — had simple nutrient requirements; 
other “ exacting ” strains of the same species 
required more complex nutrients.® In some 
cases the more exacting nutritional requirement 
could ho supplied by n mixture of amino-acids, 
in place of ammonia or a single amino-acid.-' 
(The exact amino-acid requirements of man}’ 
bacteria have now been studied ; this topic is 
omitted from this article.) 

There are numerous species of bacteria now 
knmvn to be able to grow on simple media of 
this kind, and not requiring any special addenda. 
But from the point of view of the dcvcloj)mcnt 
of the field of study this mode of approach was 
unable to extend far, and most of tho subsequent 
development of bacterial nutrition proceeded by 
the analysis of complex empirical media. This 
method of approach was inevitable in the case 
of bacteria of which tho nutritional requirements 
are very complex; this includes many of tho 
bacteria pathogenic to man and animals. Ob- 
servations which strikingly drew attention to 
the complex nutrition of many species of 
bacteria came from attempts to cultivate 
1 nssmopMlus influenza: 

(rteiffer s bacillus) in vitro. It was found im- 
possible to cultivate Johno’s bacillus on tho 
ordmary media of bacteriology until Twort and 
in^am showed that some special substance, 
wmch was synthesised by other members of tho 
class of acid-fast bacilli, had to be incorporated 
m the medium before Johne’s bacillus could 
‘ complex bacteriological media 

did not contain tlfis substance. Similarly heat 
. VoL. VIII.— 6 


^1 

sterilisation of tho usual typo of complex 
medium, c.p., peptone-broth, destroyed a sub- 
slanco required by llKinophUus influenza:.'^ 
Therefore by heat -sterilisation of such a medium, 
a deficient basal medium w.as inadvertently pro- 
jiared which could bo used to test for tho 
presence of this heat-labile suiistancc in tissue- 
extracts, etc. This labile growth-factor was 
named the V or vitamin factor; as this name 
shows, it was detected at a time when tlio 
vitamins of animal nutrition were already 
diflerentinted ns objects of biochemical study. 
Its jiroperties were studied,"' and it was 
finally identified ns a pyridine nucleotide, cither 
eo-cnV.yme I or II being interconvertible in the 
organism.^'’’ 

From about 192.o many premature attempts 
were made to imidicatc the vitamins of animal 
nutrition in tho nutrient refjuin'inents of micro- 
organisms; but tho function of vitamins was 
not proved until vitamin-B, (anourin) had been 
isolated in a pure .state. It w.a.s then pos.sible 
to show, nnecinivocally, that nnenrin was an 
e.sscntial nutrient for a micro-organism. This 
I was first done by b'choj)fer '* for tho mould 
Phycoiiiyccs blairsli ftinus. Shortly after, 'ratnin. 
Wood, ami Pcter.‘;on showc<l that aneurin was 
e.ssential for certain lactic-arid bacteria. When 
ribofiavin and, much later, [n'ridoxin, were 
isolatetl. thc.se were also shown to be nutrients 
required by certain .sjH'cie.s of bacteria and other 
miero-orgnni.sin.s (.<re Section II). 

A .survey made in 1930 showed that bacteria 
as a whole exhibited the ven.’ widest range of 
complexity of nutritional retjniremcnt.s, extend- 
ing from the chemosynthesising and photo- 
synthesising autotroiihic bacteria with (ho very 
simplest nutrient needs, to snjirophytic and 
pathogenic heterolrophie .specie.s having a very 
complex nutrition. All degrt'C.s of nutritional 
complexity could bo observed. Lwoff'* had 
I outlined .similar conceptionH for protozoa. 
Subsequent devolopment.s have caused no radical 
changes in the conceptions developed in thoso 
two reviews ; but knowledge acquired since 
then has supplied much fuller information,®*- *' 
Tho major development has come itj tho identifi- 
cation of numerou.s growth-factors (essential 
metabolites) which arc required by the bacteria 
the nutrition of which is comi>lex. 

Yeasts. — From tho time, of Pasteur ye.asLs 
had been cultivated in what wero sometime.a 
thought to bo media of simitlo known com- 
position, but Wildiers’ study foeus.sed atten- 
tion on tho exact nutrient rcquiix'ment.s of this 
typo of micro-organism. Wildiers proposed 
“bios” ns tho namo for unidentified material 
which ho showed to bo required in addition to 
tho known compononta of tho simplified’ cult>iro 
media ho used. From that timo much study 
wa.s devoted to tho so-called “ bios problem." 
This ovontually led to tho recognition that 
yeasts, too, dillcred in tho complexity of their 
nutrient roquiromonts, this complexity ro- 
flccting tho ability of difforont strains to S}-!!- 
thesiso ono or more of tho essential metabolites 
which woro ovontually identified by studies 
similar to those described above for bacteria,'®® 
Eastcott showed that inositol was required by 
some yeasts. Subsoquontly |9-nlanino,'®' panto. 
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thenic acid,w« and biotin ^9. were aU firat . 

observed as groivth factors in connection with 
yeast growth. Later these compounds were 
implicated in the nutrition of other types ot 
organism (bacteria, lower fungi, protozoa, and 
higher animals). This led to a fusion of hutrn 
tional studies in general. Since about ISdU 
intensive study of the exact nutrient reqmre- 
ments of many different species of bacteria, 
yeasts, lower fungi, and protozoa has been 
widely developed. This has led to : 

(i) The discovery of new compounds, e.g., 
biotin and pantothenic acid. 


(ii) The finding that certain compounds al- 
ready known to organic chemistry are 
required as essential nutrients for 
various organisms, e.g., nicotinic acid 
and the pyridine nucleotides, uracil 
(and other pyrimidines and purines), 
glutamine, pimelic acid, inositol, ^- 
alanine, choline, and p-aminobenzoic 
acid. 


(iii) The finding that a compound first identi- 

fied as a nutrient for one species may 
also be required by other species of the 
same or different types of organisms (see 
Section II). 

(iv) The finding that species of micro- 

organisms which do not need one of these 
substances as a nutrient wiU usually 
be found to synthesise it. Evidence of 
the latter kind supports the interpreta- 
tion of the rdle of this synthesis as 
supplying, endogenously, an essential 
metabolite, which has to be acquired 
from external sources if the organism 
cannot synthesise it. In the latter case 
it appears as a nutrient requirement or 
growth factor. 

In Section II is given a list of substances 
which are essential metabolites in the sense 
used in this article, with representative organ- 
isms showing different abilities in synthesis. 
In reading the tables it must be remembered 
that, owing to the flexibility of micro-organisms 
with regard to biosynthesis, the exam{)les given 
are not fixed and exclusive. Strains of a given 
species may be found which have greater or 
lesser synthetic powers than those hitherto 
examined, and hence may have correspondingly 
less or more complex nutrient requirements in 
culture than those already known. 

In the case of lower fungi, such as Neurospara, 
recent observations on A-ray-induced mutants 
show that very simple genetic changes, often 
involving only one gene, may result in the 
mutant, becoming unable to perform a bio- 
synthesis which the normal parent organism can 
perform. The deficient mutant then becomes 
dependent on finding an external source of the 
substance which it cannot synthesise. Thus 
mutants unable to synthesise p-aminobenzoic 
acid, choline, pyridoxin, inositol, tryptophan, 
etc., have been observed.^' ®z. 84, 95 

The^ study of these genetically controlled 
nutritional differences will undoubtedly be im- 
portant in the study of the metabolic processes 
involved. 


' II. GROWTH-FACTORS REQUIRED BY 
MICRO-ORGANISMS. 

In the following list references are given for 
representative groups of micro-organisms ; 
bacteria, yeasts, lower fungi, and protozoa. 
The growth factors are grouped imder the 
respective essential metabolite molecules, of 
which a growth factor may be a part. To limit 
the size of the bibhography, in many cases the 
more recent original publications and reviews 
are listed, from which references to earlier 
original publications can be obtained. It is to 
be remembered that this field is developing 
rapidly at the present time (see and the 
bibliography is in no way comprehensive. 

Aneurin (v. Vol. I, 371c, 6836). — (The pyrimi- 
dine moiety = 2 - methyl - 6 - X - methyl - 6 - 
aminopyrimidine, where X=sonie substituent 
such as Br, N H^, OH, etc. The thiazole moiety 
=4-methyl-6-)S-hydroxyethyl thiazole). 

The specificity of the aneurin molecule in the 
nutrition of micro-organisms has been widely 
studied.®^’ 

The intact aneurin molecule is required as 
growth-factor : 

Lower fungi : species of P6plop6<6orct.®® 

Protozoa : Qlaucoma pyriformis, Strigo- 
•monas.^^ 

The pyrimidine and thiazole moieties are together 
required : 

Bacteria : Staphylococcus aureus, Staph, 

albus ; Salmonella gallinarum ; pro- 

pionic acid bacteria®^; Cl.tetani^^; Strept. 
lactis,^^ 

Lower fungi : Phycomyces blakesleeanus and 
Ph. nitens ; Ustilago scabiosse.^^ 

Protozoa.^’’ 

Only the pyrimidine moiety required : 

Lower fungi ; Sclerotium delphinii, Pythium 
polycladon, Phytophthora" fagopyri ; for- 
mation of perithecia of Melanospora de- 
struens ; Bhodotorula flava, Ph. rubra.^ 
Only the thiazole moiety required : 

Mucor ramannianus.^^ 

Protozoa.®^’ 

Riboflavin (v. Vol. VI, 91a). Specificity.^®* 

Bacteria : hmmolytic Streptococci ; Strepto- 
coccus fecalis ; Enterococci ; 01- 

tetani j lactic and propionic acid bacteria. 
Some strains synthesise riboflavin slowly 
and growth is stimulated by its addition as 
nutrient ; strains have been deliberately 
trained to synthesise.®®- 

Pyridoxin. Specificity.*- ®® 

Bacteria : species of lactic acid bacteria *- *®- ®® ; 
Streptococci ®®- ; Enterococci ®® ; 01. 

tetani. 

Lower fungi : Geratostomella ulmi and re- 
lated species ®® ; Neurospora mutant “ pyri- 
doxinless.” ®® 

Yeasts -. in yeast growth pyridoxin is im- 
portant ; its relative importance as a 
growth factor is related to the ability to 
synthesise, which in turn is related to the 
character of the particular strain and to the 
other cultural conditions.*®- ®*- **- *®® Pyri- 
doxamine and pyridoxal (the amine and 
aldehyde, respectively, corresponding to 
pyridoxin) are more active than pyridoxin 
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with some hncteria,®® probably because they 
represent higher stages in tlio sjmthcsis of 
the co-enzj'me of tyrosine decarboxylase, 
which appears to be a phosphorylatcd deriva- 
tive of pyridoxamine.-® 

Pantothenic Acid.— The two portions of this 
peptide, jS-alanine and pantoic acid (lactone) 
(=a-hydroxy-i3j3'-dimethyl-y-butjwolactonc) are 
sometimes sufficient singly ns growth factors (c/. 
Aneurin, above). Specificity.®®' ®®' 

Complete pantothenic acid mohcnlc required 
(sometimes the 2 separated portions together 
will fimction) : 

Bacteria: some strains of C. dipthcriic ; 
lactic-acid bacteria ®- ; propionic acid 
bacteria ; Streptococci •®> *-• ; Pas- 

teurellee-; Cl. tetani ; Enterococci Cl. 
tcelchii ; Proteus morganii.^^ 

Lower fimgi ; A^ei/rospora mutant.^ 

Yeasts ^®®. 

^■Alanine required : 

Strains of C. diphtherix.^' 

Yeasts.^®®' ^®® 

Pantoic acid (lactone) required : 

Bacteria; Acetobader suboTi/dans ; Strep- 
tococcus hxmohjticus.^^^ 

Pyridine Nucieotides. — Specificity.'® 
Bacteria : species of JIxmophilus group. 
Nicotinic Acid (v. this Vol., p. 470), SjK'ci- 
ficity.®®' ®® 

Bacteria: Staph, ai/rcas ®®' ®® ; Proteus f!//- 
jaris ®®' ; Proteus morganii ; lactic- 
acid bacteria ®® ; dysenterj* bacilli '* ; C. 
diphtherix ®^ ; Acetobader ' suboTi/daus '®® ; 
Leuconostoc vicscntcroidcs Cl. (dnui^^; 
Enterococci. 

Yeasts.^®® 

Nicotinamide is required by certain Pastcurcllx, 
which cannot use the acid.® lilanj' organisms 
requiring nicotinic acid as growth-factor have 
been shown to sjTithosisc pyridine nucleotides. 
Biotin. 

Bacteria : Ehizobia ®®® • Clostridia ^®' ®® ; lactic- 
acid bacteria ®®' ; Brucellx ®®' ®' ; 

Pneumococci.”^ 

Lower fungi : Ashbya gossypi ®® ; Melano- 
spora destruens.^ 

Yeasts ®®' ^®® : Osmophilic Zygosaccharo- 

myces.*^ 

Biotin is sometimes slowly synthesised and 
grorvth is then stimulated by its addition to 
media.®®' ®®' ®®' i®® 

Pir»elic Acid. — ^This compound may be a 
precursor of biotin in biosynthesis by some 
orgam'sms ^®® ; it is a nutrient required 1 ) 3 ' cer- 
tain strains of C. diphthcrix.’’’^ 
p-Aminobenzoic Acid . — ^Required as growth 
factor : 

Bacteria : Cl. acetobutylicum ®®' ; Cl. 

thermosaccharolyiicum ® ; Acetobader sub- 
mydans ^®- loo ; c. diphtherix strain 
Dundee ® ; Lactobacillus arabinosus.*^ 

Lower fungi: -Neurospora mutant “ amino- 
benzoicless.” ®®> ®® 

Glutamine (v. Vol. VI, 376). Specificity.®® 
Required as growth factor : 

Bacteria : hoemolytic Streptococci ®' i® ; lactic- 
acid bacteria ®®’ ; various,®® 

Purines and Pyrimidines.— A number of 
purines and pyrimidines, singly or together, are 


important in bacterial nutrition, as growth 
stimulants or essentials. It is not 3 'ct clear what 
role they play, and their cffccLs arc often related 
to the presence of other constituents of the 
medium. 

Uracil is a growth factor for: anxrobte 
growth of Staph, aureus (but is S3'nthc.siscd 
in aerobic growth)*®; Cl. tftani^^; 
StrcptoceKCUs salivarivs^” ; lactic-acid bac- 
teria.®^ 

For Adenine (v. Vol. I, 1416). Guanine (r. 
Vol. VI, 1.700), Jlypoxanthinc (r. Vol. VI. 4086), 
Xanthine, and Thymine cfToct.s, see *®' ®-’- ®'‘. 
Inositol (r. Vol. VI, 401a). 

I^wcr fungi; Ashbya gossypi Tri- 

ehophyton discnidrs'° ; Xeurospora mu- 
tant.’'' 

Choline (c. Vol. Ill, 02i/). 

Bacteria : Pneumococcus.”^ 

Ivower fungi : Xcurospora mutant.®® 

Oleic Acid. — C. diphtherix ; Cl.lelani.^^ 

2 -Methyl Nnphthaquinone. — KfTcct on 
Johne’s bacillus.”* 

•* Folic Acid.” — Structure at present un- 
known ; originalh' dclocleil ns required for 
Streptococcus ladis R. ®® and is involved in the 
nutrition of other organisms. 
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MICROPHYLLIC ACID (v. Yol. IHI, 
295a). 

MICROSCOPE, ELECTRON. 

I. DvaIi Theories of Light and Electkons. 

The present century has been a revolutionary 
period in the study of physics. By 1900 
physicists were fairly certain of the truth of the 
wave theorj^ of light, as represented in Maxwell’s 
Electromagnetic Theory, and they spoke in 
very familiar terms of the “ sether of space.” 
However, with the discovery of the photo- 
electric effect and Planck’s theoretical treatment 
of the laws of radiation, suspicion that all was 
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not well with the wave theory arose. By 1910 
all the physicist was prepared to assert was that 
for some experimental results, sucli ns inter- 
ference and diffraction, tho wave theory' alono 
offered an acceptable explanation ; for other 
phenomena, such ns tho photo-electric effect, a 
corpuscular thcorj' alone was applicable. 

Statements almost the converse of tho above 
may be made regarding the theory of electrons. 
The electron was discovered in 189G ns a small 
negatively charged particle of mass about one 
two-thousandth of that of the hj-drogen atom. 
Although there was considerable discussion at 
first as°to whether a beam of electrons ha<l the 
properties of a beam of light or those of a stream 
of particles, by 1900 the particle mew held the 
field. ' 

In spito of tho fact that the dual theory of 
light was estabh'shed by 1900, it was not until 
1923 that do Broglie ^ definitely suggested that 
electrons might be looked upon ns having a 
wave property ns well ns a corpuscular discrete- 
ness. He even suggested a formula for the wave- 
length to bo attached to a homogeneous stream 
of electrons, viz. A=(12-21xl'0-;«)/y F cm., 
where F is tho difference of potential in volts in | 
tho field through which the electrons gain their 
velocity. 

2. ExPEKiJir.NT.'Vn Paoor or riir. Wave 

PRorEUTY or Ei.ectkok.s. 

Tho theory of de Broglie * was substantiated 
a few years later by experiments carried out by 
Davisson and Gcrmcr - at the Bell Telepiione 
Laboratories in New York Cil}' and. indejjcn- 
dently, by Professor G. P. Tlioinson,^ then in 
the University of Aberdeen. These experi- 
ments demonstrated that a beam of electrons 
showed diffraction phenomena quite analogous 
to those of visible light and A'-rays. 

The question arose immediatoh’ wiictiicr an 
electron beam would lend itself to some form of 
microscopic vision (or photography). Such a 
result had never been obtained with A'-rays, but, 
nothing daunted, physicists began to devise 
something which would give for an electron 
beam what glass lenses provided for light beams. 
The urge behind such investigation is made 
apparent when tho impasse which hod been 
reached in ordinarj" microscopy is considered. 

3. The Development of the Microscope. 

The ordinary compound microscope had 
reached a high degree of development hy 1870, 
and it had been elearly shown that the limit in 
the resolving power (or in tho useful magnifi- 
cation) had been reached. This limit is sot by 
the fact that light shows diffraction effects, 
phenomena common to all forms of wave 
motion. 

It was established theoretically by various 
physicists, in particular by Lord Rayleigh, that 
the shortest possible distance (e) between two 
points on an object which can be shown ns 
separate in tho image formed by any microscope 
is given by tho formula e=A/2n sin A, where A 
IS the wave-length of the light used, and n sin A 
IS the numerical aperture (N.A.) of the objective 
system. This formula may also be taken to 
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stand for fho dinmefor (c) of the Miinllest 
particle which could be revealed by a light micro- 
scope. Tin’s gives for the limiting diameter of a 
spherical particle, which can be observed by a 
light microscope, a value of about 2x lO-’’ cm., 
1/125,000 in., or 0-2/i-(micron). 

Jinny nttompf.s have been made to extend this 
lower limit. In 1900 the ultra-microscope was 
deviled by Zsigmondy and .Siedentopf,^ but tlie 
method tif illumination, which is really the 
“ ultra-part,” of tho instrument, reveals only the 
prr^cncc of ])arliclcs and fells nothing of their 
shape or size. 

Again, the shorter is A. the wave-length of the 
light used, the smaller is r, i.c., tho smaller the 
particle which can be revealed. Gye and 
JJarnard in 192.5 constructed a very elnhorate 
microscope for the use of tiltra-violef licrht, and 
were able to photograph particle.s .smaller than 
any already rcve.'iled, ns to .sire and shape, up 
to that time. 

Graton and Dane “ have shown, by the nso 
of jilane, unctchi’d surface,'! of minerals ns 
.specimens, that the performance of the bc.sf 
objcctivc.s is rather better than the jm'vious 
theory would suneest ; but n.s nut-f micro- 
.scoj)ical work is done with sjKjeimens which tb) 
not even njiproximntc to an optica! plane, the 
re.solviiur power in actual practiet! does not 
reach that nftained by Graton. 

•I. Ei.itrrnoN W'.wr. Lengths. 

Althoiigli de Broglie deduced hi.s oxpres.sion 
for the wave-h'imth to he attached foun electron 
beam [A- (l-'-'l ” <'»>•] purely from 

theoretical considerations, exp<Timent« per- 
formeil .since have tended to confirm his con- 
clusions. Since F is the potential in volts 
through which the elect ron.s are accelerated, 
if F is -ton V., A comes out to be O Ox 10“-“ cm., 
n value only I/I0,000th of that of lii-ht in the 
visible part of tho spcetnim. If sueh values of 
A couhl Ire used for microscopical observation, 
the limit of e Fhould be reduced to l/10,000tb 
of that possible with visible light. 

r>. Ki.EfrrnoN Lkn.sus. 

In the development of tho dual theory of the 
electron, de Broglie demonstrated tiiat the 
path of an electron, its .so-called trajectory, ns 
it move.s through sjiaee, benr-s the same relation 
to it.s wnvo property ns the my of light doe.s to 
tho wave property of light. Just ns tho path 
of ligJit is traced t hrougii a series of lenses, the 
refractive media, in order to determine the 
image of an object, so if the paths of electrons 
could be directed, it might be possible to focus 
clcotrons arising from an object to make (hem 
form an imago. This has been accomplished by 
the use of cither electric ficld.s or magnetic 
fields; both clcctroRtatio electron louses and 
magnetic electron lon.ses have boon produced. 

(a) Electrostatic Electron Lens.— A simple 
example of the regular way in which an electron 
path may bo deflected in an olcctrio field is 
shown in Fig. 1.® 

Tho plate A is maintained at a potential of 
-1-500 V. and tho plate H at a potential of 
-1-1,500 V.; tho dotted lines show tho dislri- 



MICROSCOPE, ELEGXEON. 


bution of the lines of equal potential, and the 
heavy line, or, shows the path of the electron. 

That there is here a phenomenon to which the 
term “refraction” might well be apphed is 
quite apparent when Pig- 1 is compared with 
one which illustrates the phenomenon of refrac- 
tion of light through the atmosphere, and shows 
vrhy tlie sim can be seen for some time eiter it 


h.as set, . . . 

The electrostatic electron-lens is verj' simple 

^merely a hole or aperture in a metal plate. 

In Pig. 2, F is a cathode, the source from which 


electrons shoot out as indicated by the small 
arrows, B is a metal plate with a hole in the 
centre, and c a second metal plate. The plate a 
acts as a shield to the cathode f and, as repre- 
sented here, F, A, and b are maintained at the 
same potential (zero) while c is at a potential of 
-plOOv. The broken lines represent the lines 
of equipotential. At the opening in the plate, 
B, the electrical field is distorted as indicated 
by the bulging of the equipotential lines, and 
the paths of the electrons are refracted as they 
are in Fig. 1. As a result, electrons coming 



How the path of an electron bends in a potential field. 


ABC 



Fig. 2. 

The influence of an electrode with an aperture near the cathode. 


from a small area at F are focussed at the small 
area Fj, on the plate c. 

(6) Magnetic Electron Lens. — ^The an- 
logous case of “ refraction ” in a magnetic field 
is not quite so simple as that in an electric field. 

When electrons were first discovered they were 
described as small, negatively charged particles, 
on account of the action of a magnetic field on 
the fluorescent beam in a vacuum tube ; the 
path of the beam is marked by a glow caused 
by ionisation of the gas by the electrons, which 
are themselves invisible. When a magnet is 


held BO that the magnetic force is at right- 
angles to the electron beam, the latter moves 
as though it were a conductor bearing negative 
electricity in the direction of motion of the 
electrons. This deflection of the beam is at 
right-angles to both the direction of motion of 
the electrons and the direction of the magnetic 
field. This is demonstrated in Pig. 3. 

liere are three characteristics of the inter- 
action of electrons and magnetic fields : 

1. A magnetic field has no effect on an electron 
at rest. 
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PB -we may resolve this velocity into two com- 
ponent velocities : (a) that at right-angles to the 
field and (6) that parallel to the field. The first 
component determines the circular motion in a 
plane perpendicular to the axis, and the second 
component carries the electron along the axial 
direction to the right only. By combming these 
two motions, it can be shown that electrons 
shooting out in directions making small angles 
with the ajds from a point p will describe a spiral 
path to another point p^ on the axis ; or p and p^ 
are analogous to object point and image point.^ 

6. SniPBE Electbon Mioeoscopes. 

Once the principles of regulated refraction in 
electric or magnetic fields were successfully 


mastered, the development of electron micrd- 
scope3 followed as an immediate consequence. 
The lUotion of the electrons is possible only in a 
high vacuum, and their paths cannot pass 
through anything but the smallest thiclmess of 
matter ; fortunately electric and magnetic 
fields are non-material fields of force which can 
be maintained in a vacuum, and the electron- 
lens system can therefore be maintained in such 
a vacuum. 

The first forms of the so-called electron micro- 
scopes were single electrostatic or magnetic 
lensee used for giving magnified images of the 
structure of the surface of the cathode which is 
used as the source of the electron stream. Very 
interesting pictures of the craters from which the 
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Etg. 6. 

Comparison of light microscope and magnetic electron microscope. 


electrons are emitted have been produced. 
These studies show that the sources very often 
wander about the simface or become exhausted 
from point to point on the cathode. A cathode 
made, for example, of nickel, is covered with 
barium oxide, which is the source of the elec- 
trons ; after the cathode has been emitting for 
some time, the barium tends to be segregated 
along the boundaries between crystal elements 
(of the nickel). Consequently, important know- 
ledge of the crystal structure of the cathode 
metal (nickel) can be obtained. 

Again, as shown by Scott,’ when organic 
materials are smeared on a cathode, the volatile 
or combustible part can be driven off by heating, 


and the spots of residue on the cathode show the 
distribution of the metallic contents of the 
tissues. 

Simple electron microscopes, comparable with 
the reading lens of ordinary optics, have been 
in use since about 1930.® 

7, The Compound Eleoteon Micbosoope. 

The electron micrographs reproduced here 
were all taken with a compound electron micro- 
scope using three magnetic lenses, which served 
the purpose of substage condenser, objective, 
and projector lens, respectively. Doubtless 
before long similar instruments with electro- 
static lenses will be developed and on the market. 
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The following description refers to the mag- 
netic type of electron microscope developed at 
the Department of Physics in the University of 
Toronto.® 

Fig. 6 shows dingrammatically the relation 
between the compound b'ght microscope and the 
compoimd magnetic electron microscope. 

The source of electrons is n filament cathode 
bent to a hair-pin turn; the electrons arc 
accelerated by the electrical field between the 
cathode and an anode (not shown in the figure). 
Errors due to aberrations arc minimised by 
having an accelerating field ns largo ns possible; 
practical considerations lead to the adoption of 
a field of 45,000 v. ns the optimum for day-to-day 
use. Commercial companies have c.vpcrimentcd 
with much higher voltages (up to 300,000). but 
the gain in resolving power is more than 
neutralised bj* experimental difiloultics. What- 
ever liigh voltage is adopted, it is necessary- to 
maintain it constant to about v. ; this leads 
to engineering difilculties and the power regula- 
tion accounts for a considerable part of the 
difficulty and cost of the whole apparatus. 

Another item of physical experimental difii- 
culty is the mnintonnnco of a sufficiently high 
vacuum. This requires special attention ns tlic 
objects and photographic plates have to be 
changed frequently in the course of any in- 
vestigation. 

The lower magnetic coil (Fig. 0) convcrgc.s 
the beam of electrons on the object placed just 
above it. The elements of the object sc.atter 
or absorb the electrons striking them, in pro. 
portion to the relative thickness and atomic 
properties of those elements. The electrons, 
which on leaving the object elements pa«s 
through the aperture in the object lens (the 
second magnetic coil), arc focussed by the strong 
axially symmetrical magnetic field of this lens 
to conjugate imago points on a fluorescent 
screen just below the upper magnetic coil. This 
screen can be viewed from the outside through 
a window in the wall of the microscope tube. 

A fine pin-hole is bored in thi.s fluorescent 
plate and the image is moved so ns to bring any 
chosen small area of this first image over the 
hole. Only the electrons forming tin's part of 
the image are able to pass the plate. Thej’ are 
acted on by the upper magnetic coil (lens), and 
the final doubly-magnified imago of the small 
section of the first image is focussed on the 
photographic plate. 

8. The Specimen Holueu and SfouNTiNo. 

A special specimen holder is constructed to 
be slipped into the microscope through a tube 
mserted in the wall ; if is made to fit snugly to 
bring the object to the proper position relative 
to the objective lens.. Specimens such as fine 
fibres or edges of metal are suspended across a 
small hole (0-05 to 0-3 mm. in diameter) in the 
of ^ eireular platinum diaphragm, which 
is held at the end of the specimen holder by a 
cap. For substances such ns lino powder, 
smokes, or. bacteria the material is deposited on 
a very thin film of collodion (about 10 mp. thick) 
winch is stretched on a metal gauae and hold 
across the opening of the specimen holder by a 


9. CoMMEnoi.vE rnoDUCTioN or Eeectkon 

Micnoscopj;. 

Siemens and Hal.-ikc were ofl'cring n com- 
pound elect ron-microscopc of the magnetic-lens 
type in 1938 for delivery in a year or so. Tho 
R.adio Corporation of Amoric.a employed L. 
Martin for this work, but their first commercial 
tvpe, bn.<;ed on the University of Toronto model, 
was produced by Dr. James Hillicr, who had 
joined this firm in 1910.“’ 

Jn November, 1912, tho Radio Corporation 
of America announced tho marketing of a port- 
able electron compound microscope of tho 
magnetic-lens type.” .At the same time the 
General Electric' Company of .America exhibited 
a portable electron compound inicro«cop<'. of 
the elect rostatic-lcna tyiw.'* eapable of being 
operated from a IlO-v. power outlet. In the 
latter the final image i.s cast on n fluorescent 
screen and viewed from the oni.ride ; when 
jiirtures an' de.sired the camcni merely record.s 
the image on the .screen, from outside. Tiiis 
simplifie.s tlie vacuum armnftemenf.s and .so 
greatly reduet-.s the cost. Commerrial i-oin. 
j)etilinn between these two type.s prfuni'-es t<i 
l»ring the elerfron miero«eope within tlio pur. 
elin.sing power of even mnde.st lal>oratorie.‘>. 

10. RuvfTirAi- .Ai'i'i.ie.moN.s. 

(«) Industrial Uses. — Tiiep’ is no doubt that 
the elertron microscoj>e will become a very im- 
portant experimental instrument. .At pre.«cnt 
the mnaf useful apj)liealions .seem to Iw in the 
fieiil.s of industry ami medieine. In all this work 
there are nppari'nt very important developments 
of a purely scientific natun*. 

1. .Manufacturers of various j)owdcrs — carbon 

blacks,^® paint fillers, nnrl riiblKT mixe.s — are 
intere.sted in Iciiowing I lie ultimati' sixe of the 
j)artieles in a p.artindar preparation, ns tlie 
fuuetion of tlic.se. fillers depends on tho nre.a 
exjiosed by lhi> jiarlii'lc-s, Wlicn it is n'aliscd 
that flic nuitcriiil in n lump of suenr of one 
centimetre side (area C sq. cm.) will iinve an 
e.xposed area of several acres wlien broken up 
to pnrliclc.s of colloidal sixe, the potential im- 
mense inercn.se in area is readily niiprecinted. 
TIicso manufacturers are enthusia.stie ubout in- 
formation that tlie electron miero.scope lia.s 
already revealed coiuerning the sixe, shape, and 
manner of agcregnle formation of particles in 
powders. , 

2. Fibres of various materials, such ns ns. 
bestos, flax, hemp, cotton, rubber, and gln.ss 
offer n very extensive field for tliis re.scnrcb. 
There Bccmfi to be some limit (o tlie fineness of 
the idtimnlc fibrils of natural tihre.s such ns 
n.sbesto.s, flax, and cotton. Now uses may bo 
found for fibre.s of different materials. 

3. Pictures of smokes produced by the oxides 
of various motnls show ver^* ' intere.sting 
plicnomona. Some of these smokos, c.p., xinc, 
magnesium, and tungsten oxides, .show that tho 
finest visible particles nro crystnllinc, while 
others, eg?., aluminium oxido, yield spherical 
particles or aggregates. It is apparent that tlicso 
studies afford a fertile field for tho comparison of 
crystaffino and surface-tension forces in the 
formation of aggregates. 

4. Pictures of tho dust formed during blasting 
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and drilling in mines have heen taken at Toronto. 
There is no doubt that results useful in the study 
of silicosis will emerge from such work. 

5. Clays offer another interesting example for 
study, which may afford evidence as to the 
features of clays which are good for fillers, paper 
coatings, or china manufacture. 

6. Particularly during the last ten years, there 
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Comparison pictures of diatom, Amphipleura 
pellunda. The first three were taken with an optical 
microscope using different wave-lengths of iight, and 
the last with the electron microscope 

has been great development in the synthetic 
production of organic substitutes, as in the case 
of silli, rubber, and the various plastics. A 
knowledge of the fine structure of these materials 
will undoubtedly be helpful. 

7. Very interesting investigations have been 
carried out at the Eastman Kodak Research 
Laboratory on the process of developmbnt of 
photographic emulsions. The whole theory of 
this puzzling phenomenon has been re-cast in 
view of this work. The beginning of the process 
of development consists in the projection of 
silver fibrils out into the gelatin media from 
points on the sensitised crystals. 


(b) Medical and Biological Applications. 

1. The most striking results in this field are 
those ill which various_yiruses, formerly beyond 
the reach of microscopic vision, have been 
photographed. These inclnde the viruses of the 
tobacco mosaic, smaU-pox, and influenza. The 
ability to photograph the intruder will doubtless 
lead to a great advance in the method of treat- 
ment of the disease. 

2. Very much improved photographs have 
been taken of germs and bacilli, such as those of 
tuberculosis, which are visible in the light micro- 
scope, and it is possible that the electron micro- 
scope wiU enable even the life history of such 
minute bodies to be traced. 

3. In the photograph made of the typhus 
germ-there is a distinct indication -that the germ 
often has attached to it a crystal, probably of 
some salt ; this suggests that the course of the 
disease may bring about what might be called a 
“ salt-anmmia ” in the blood of the patient, in 
which case the electron microscope may help 
greatly in diagnosis. 

4. The standard specimen used in the early 
development of the electron microscope was 
some one of the many forms of diatoms. On 
account of the use of diatoms as test' objects 
for oil-immersion light microscopes, it was 
natural to use these shell-likc structures for 
comparison between hght and electron micro- 
scopes. In Fig. 7 are shown comparison pictures 
of a diatom, Amphipleura pellucida, as taken by 
(1) light of wave-length 5800 A., (2) light of 
wave-length 4050 a., (3) light of wave-length 
3650 A., and (4) the electron microscope. These 
have all been reproduced at the same magnifica- 
tion, approximately >< 11,000. Diatom specialists 
are even looking forward to finding evidence of 
the life history of the diatom. 

11. New Developments. 

In several laboratories where electron micro- 
scopes are in use, quite simple techniques for 
making stereoscopic photographs have been 
devised {see Fig. 8). The results give promise 
of very important additions to our knowledge. 
On account of the fact that the depth of focus 
of an electron microscope is very much greater 
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Stereoscopic \iew of pile of diatoms of different Hnds. Magnification approximately x 8,Q00. 
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than that of the ordinary high-po-R-er light 
microscope, new studies of the spatial arrange- 
ment of the objects in view in the microscopic 
field are made possible. . 

The early application of the compound electron 
microscope was in its use in taking pictures of 
specimens thin enough to allow the passage of 
the electrons. Consequently it was not apparent 
that the electron microscope would be of any 
use in studying the surfaces of thick specimens. 
But even this problem has been successfully 
attacked in two ways: (cr) 'by producing 
replicas of surfaces on thick films of material 
and (6) by using the electron beam to give 
electron-diffraction pictures of the surface. 

(а) R ep ! i cas . 1 ® — ^Replicas have been produced 
by two general methods which may he described 
as giving either negative replicas or positive 
replicas. 

For negatives the surface is suffused with an 
organic solution which on evaporation leaves a 
film dried on the surface. The film is then 
stripped off — usuallj'' by floating it off in water. 
This film retains the negative of the contour of 
the srirface on the side in contact with the sur- 
face, while the obverse of the film is plane. The 
negative films are thin enough for the electron 
beam to pass through, and the degree of absorp- 
tion of the electrons shows variations in thick-, 
ness of the film and thereby reveals variations 
n the marking of the original surface. 

For making a positive, the negative is made 
on a thick piece of some material that can after- 
wards be dissolved away. This negative surface 
is then covered with a very thin filth of some 
insoluble material {e.g., silver or quartz) by 
cathodic sputtering ; on dissolving away the 
negative material a ver}^ thin film with a positive 
of the original surface is left. The degree of 
absorption of the electron beam again gives 
ndications of markings on the original surface. 

(б) Electron Diffraction. — ^The experi- 
ments on electron diffraction carried out by 
Davisson and Germer “ and by G. P. Thomson ® 
first confirmed experimentally the theory 
developed by de Broghe regarding the wave 
properties of electron beams. 

These diffraction phenomena can be produced 
either by allowing the electron beam to traverse 
a thin film of the material, or by arranging to 
have the electron beam reflected from a surface 
of a massive solid sample. In either case direct 
evidence is obtained of the lattice spacing of 
various crystalline structures. The Radio Cor- 
poration of America have produced a so-called 
“ adapter ” to enable the instrument to he used 
either for ordinary microscopical views or for 
electron-diffraction pictures. 

The plates on p. 91 are two of asbestos 
fibres (X 7,680) (Figs. 9 and 10), iron oxide 
(X 23,700) and aluminium oxide (x 22,680) 
smokes (Figs. 11 and 12), small-pox virus 
(x 39,600) (Fig. 13), and typhus [Rickettsia) 
germs (x 19,240) (Fig. 14). 
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M I ERS ITE [V. Vol. ^^;I, 2c). 
MIGRATION, IONIC. — Faraday’s Laws 
of Electrolysis state that when an electric cur- 
rent is passed through a solution of an electro- 
lyte, the mass of substance liberated at an 
electrode is proportional to the quantity of 
electricity passed and to the chemical equivalent 
of the substance. This indicates that such solu- 
tions contain ions which carry integral numbers 
of positive or negative charges ; when a potential 
diference is applied they move towards the 
electrode of opposite charge and (in most cases) 
are discharged on arriving at the electrode sur- 
face. The discharged ions then appear as the 
products of electrolysis, or undergo secondary 
chemical reactions. 

The fact that ions migrate can he demon- 
strated by analysing the solution before and 
after electrolysis. It is found that the con- 
centration in the hulk of the solution remains 
constant, but near the electrodes it changes in a 
manner which can only be explained by as- 
suming that all the ions within the potential 
field have moved towards the oppositely charged 
electrode. This principle is the basis of Hittorf ’s 
method of studying ionic migration (see helmo). 

The mobility of an ion is its velocity of migra- 
tion (in cm. per sec.) when it is situated in a 
field of unit potential gradient (1 v. per cm.). 
The velocity is directly proportional to the 
applied potential gradient, except at very high 
potentials (the “ Wien effect ”) or in alternating 
fields of very high frequency (the “ Debye- 
Falkenhagen effect ”) [v. MoLEOtTLAE CoN- 
DTJCTiviTY, this Vol., p. 160a). 

Ionic mobilities are not definite constants for 
individual ions, but depend on temperature, the 
nature and viscosity of solvent, concentration, 
and the presence of other ions in the solution. 
The mobilities of the ions in a solution determine 
its equivalent or molecular conductivity (g.v.). 
Accordmg to Kohlrausch’s Law of Independent 
Migration of Ions the total conductivity A of a 
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solution is tho sum of the soparnto ion con- 
ductivities {1+ and i_) 

- A^W+L .... ( 1 ) 

‘The ion conductivities arc related to the actunl 
velocities of tho ions (u+ and t’_) hy tho factor 
F (tho Faraday, 90,500 coulombs per pram- 
equivalent) 

and L-Fc- . • (-) 


These relations are true at all concentrations if 
the electrolyte is completely dissociated, hut A,- 
V, and I remain functions of concentration. In 
extremely dilute solutions, however, the ion.s do 
become trulj’ independent, and con.^oqucntly v 
and I at infinite dihition can he reparded ns con- 
stants for each ion. The inohility of theJ 
chloride ion is the same at infinite dilution in 
hydrochloric acid and in pofa^sium chloride 
solution, but not in solutiojis of appreciable con- 
centration owing to intcr-ionie efTeets. .Similarly, 
values of ylfl, the limiting equivalent conductivity 
at infinite dilution can he computed from (1) if 
the limiting ion conductivities at infinite dilu- 
tion arc known. Table I gives Homo values of 
limiting ion. conductances, and of correspotiding 
mobilities calculated from them by (2). 'Jo cal- 
culate Ag for any salt add 1+ and /_ ; r.y.. Ag 
for potassium nitrate-?,. 4. -f-/..,, -.-fi'.bfifi-hfi-di 
=12G-2. ■ ^ 

If tho ions from a uni-utiivalcnt salt had equal 
mobilities and were present in solution in equal 
numbers they would carry the same amomit of 
current during elect roly. sis. In genend, how- 
ever, anion and cation inigratc at dififerent rates, 
and therefore tho faster-moving ion carries the 
greater share of tho current. (In certain .solids 
all the current is carried by the movement of 
one ion onlj'.) 'The fraction of current carricfl 
by a given ion is called the transport number 
(T) of tho ion. For a uni-univalent electrolyte 
the transport number {7\) of the cation is 
2'+=a+/(i;4.-f ii_) ; that of tho anion is 
T^=v_l{v++v_)> and obviously — 

Tho above- considerations suggest three 
possible methods of studying tho speed of 
miration of ions, namely ; 

(i) by direct measurement of tho velocity in a 
known potential gradient ; 

(ii) by measuring tho transport number and 
equivalent conductivity of tho so mo (very diluto) 
solution ; since, if the salt is completely dissoci- 
ated, 

it follows that v+=T+(AIF) and v_r='i'_(/l/F). 
The usual practice is to extrapolate both A and 
T to infiiuto dilution and obtain limiting ion 
conductivities. Macinnes, .Shedlovsky, and 
Longsworth (J. Amor. Chem. .Soc. 1932, 54, 2768) 
extrapolated the apparent values of I itself, 
using theoretical formulm which implicitly 
assume complete dissociation ; 

(iii) by assuming the I value of one ion [from 

on other substances by method 
(u)] that of tho other ion can be found from 
either or Tg alone. The usual starting point 
18 potassium chloride; at 25° ylo= 149-82 and 

infinite dilution 
jMacInnes, Shedlovslcy, and Longs- 

In addition, transport numbers can bo ob- 


tained from e.ni.f. mca.surcmcnts with cells 
containing liquid junctions (e. Liquid Jo'ctiok 
I’OTr.sTi.vi,, Vol. ^'11, 3.')5?i). 

Experimental Determination of Ion 
Mobilities, 

1. T/ie Movinrj-boiindary Method. — Tim rate 
of movement of a sharp boundary at tlie junc- 
tion of two solutiou.s is followed by any .suitable 
means, such as an indicator colour change or 
dilference of refractive index. 'I’he .solutions 
must have one ion in eonimon. the boundary 
must move toward.-- the .-olution containing the 
fa.stor non-common ion, and the lower solution 
must be the denser in order to avoid mixing. 
An example of the method is- the determination 
of the velocity of the Imlroiien ion by following 
the movement of a boundary .-epar.iting hydro- 
ehlorio acid below from dilute lithium chloride 
solution above, the boundary being made 
visible by a trace of Methyl Onumc indicator. 
True ion mobililie.s can l>e obtained directh- 
(hut not with Inch necumey) by this nicUiosl 
if the potential gradient can be calculated from a 
knowledge of t In- dimen-ionsof the apparatus and 
the conductivitie.s of the solutions. .More often, 
however, these arc not known, but by mca.suring 
the volume ( I') through which the boundary 
.sweep.s in time I and also the tjuantity of 
electricity (Q) paved, the transport unmlwr c.an 
be calculated. TI>o relation is 

T: A'C(d I'AK)), 

wliere C i.s the concentration of ion in gram- 
equivalents per c.e., and d 1' is the volume in e.e. 
swept through by tho boundary during the 
pa.s.sage of current d(? coulombs. 

A Bmall correction is retpiircd to allow for tho 
change of volume which ocenns at tho electrode 
at tho closed end of the apparatus. For 
example, if a ailver-Hilver chloride cathode i.s 
used, tho elect rode reaction occurring i.s the 
reduction of .silver chloride by hydrogen ions, 
and the metallic silver produced oecuiiicB a 
.slightly different volume from the original 
silver chloride. For further details of the moving 
boundary method, see Maeinne.s and Long.s- 
worth, Chem. Rev. 1932, 11, I7I ; I). A. 

Maeinne.s, *' Frineiples of ICIectrochemistry,” 
Ucinhold I’ublishing Corp., Now York, 1939. 

2. JJittorfs Method (r. Vol. AM, 237</),— Tho 
principle of this method has been indicated 
above. Although Bimplo and generally applic- 
able, tho determination depends on measuring a 
difference of concentration, and according to 
Macinnes and Long.sworlh (?.c.) tho ncouracy 
obtained is not a.s high ns in the best moving- 
houndary dctcrminntion.s. 'The agreement be- 
tween tho two methods is, however, oxcollont. 
In Hittorf’s method tho trnn.sport number of 
tho cation is equal to tho ratio of tho number of 
gram-cqviivalonts of solute which pass out of 
tho anode compartment (or into tho cntliodo 
compartment) to tho total number of Fnradn3'.s 
of electricity passed through tho apparatus. In 
some cases there is an increase, in others a 
doorcase of concentration in tho neighbourhood 
of an electrode, depending on tho coll used. 
For example, at a silver anode in silver nitrate 
solution, tho observed change of concentration 
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is the balance of an increase of QjF gram- 
equivalents by solution of the electrode and a 
decrease of {T^) (QjF) due to migration of silver 
ions tov'ards the cathode. Since T is less than 
uni ty there is in this case a net increase of silver 
content. 

Results obtained by Hittorf’s method are 
complicated by the simultaneous transport of 
solvent, which is carried as solvation shells 
surrounding the ions (see below). 

Experimental Results. 

Ion Conductivities . — Some typical data for 
equivalent ion-conductivities at infinite dilution 
(1) are given in Table I, together with their 
temperature coefficients and derived mobilities. 

Table I. — Equivalent Conduc- 
tivities, TeMTEEATUEE CoEFnCIENTS, AND 
Ion Mobilities of some Comaion Cations 
AND Anions in Aqueous Solution at 
18°c. 


Ion. 

Xinsiting 
conduc- 
tivity (1). 

Temperature 

coefficient 

a=(lll)(dlldi) 

Mobility 
v=l/F cm. per 
sec. per v. per 
cm. 

H+(H20). 

315 

.0-0154 

32-7 xlO-* 

Li+ . . 

32-55 

0-0265 

3-37 „ 

Na'^ . . 

42-6 

0-0244 

4-41 „ 

K+ . . 

63-65 

0-0217 

6-60 „ 

Ag+ . . 

53-25 

0-0229 

5-52 „ 

JCa++ . 

50-4 

0-0247 

3-22 „ 

iBa++ . 

54-35 

0-0239 

5-63 „ 

iCu+-t . 

45-3 

— 

4-70 „ 

OH- . . 

174 

0-0180 

18-0 xlO-^ 

Cl- . . 

66-3 

0-0216 

6-87 „ 

Br- . . 

68-25 

0-0215 

7-07 „ 

1- . . . 

66-85 

0-0213 

6-93 „ 

NO3- . 

62-6 

0-0205 

6-48 „ 

JSO,- - . 

68-7 

0-0227 

7-12 „ 

JC03- - . 

60-5 

— 

6-27 „ 

CHg-COO- 

35-0 

0-0238 

3-6 „ 


The high mobilities of hydrogen and hydroxyl 
ions are notable. Small ions of low atomic 
weight would be expected to move faster than 
larger ones canying the same charge, since the 
viscous resistance should be less, but this is 
often not the case. For example. Table I shows 
that the mobilities of the alkali-metal ions are 
in the reverse order, viz. K>.Na>Li. This is 
ascribed to a large “ hydration shell ” around the 
smaller ions owing to the more intense electro- 
static field (see “ Solvation of Ions,” below). 

The temperature coefficient of Z is given as 
(l/Z)(dZ/dZ), i.e., the fractional increase of 
mobih’ty per unit rise of temperature. It is 
seen to. be approximately the same for all the 
ions except hydrogen and hydroxyl, namely, 
0-026-0-021. This residt is in agreement with 
the concept of ions behaving as spheres moving 
through a viscous fluid ; the resistance according 
to Stokes’s Law should then be proportional to 
rjV, where ij is the viscosity. Under constant 
applied potential the mobility, v, should he 
inversely proportional to the viscosity of the 
« 


solvent, i.e., •i}U=const. Hence, (l/t))(du/dZ)= 
— (l/ij)(dij/dZ). The viscosity of water at 18° is 
1-056 centipoises and the temperature co- 
efficient is -0-0265, whence — (l/ij)(dij/dZ)= 
0-0254, which is of the same order as the 
temperature- dependence of mobility in Table I. 

The relation tjqUq (or known 

as Walden’s Rule. It accounts fairly weU for 
the change of I for a given ion in one particular 
solvent at different temperatures ; e.g., Igrjg for 
the acetate ion in aqueous solution is 0-367 at 
0°, 0-363 at 50°, and 0-366 at 100°. ' Walden’s 
Rule holds only very approximately for an ion 
in different solvents, probably because the 
degree of solvation varies with the solvent. 

Transport Numbers . — Transport numbers of 
many salts have been measured by Hittorf’s 
method; the results are mostly approximate 
and depend on the temperature and concentra- 
tion Used. For numerical data, see Landolt- 
Bomstein, “ Fhysikal-Chemische Tabellen.” The 
early work has been reviewed by Hoyes and 
Falk (J. Amer. Ghem. Soc. 1911, 33, 1436). 
Accurate measurements by Hittorf’s method 
have been made in recent years by Jones and 
Dole (ibid. 1929, 51, 1073) and Jones and Brad- 
shaw (ibid. 1932, 54, 138). Some very accurate 
determinations of transport number have been 
made by American workers by the moving- 
boundary method ; some of their results are 
given in Table H. 

Table II. — Cation Teanspoet “Numbees of 
SOME Salts in 0-01n. and 0-1n. Aqueous 
Solutions at 25°c. 

(D. A. Macinnes, “ Principles of Electro- 
chemistry,” Reinhold Publishing Corp., Hew 
York, 1939.) 


Electrolyte. 

Cation Transport Rumber 

O-OlN. 

0-lN. 

HOI 

0-8251 

0-8314 

LICI 

0-3289 

0-3168 

KCI .... 

0-4902 

0-4898 

KBr 

0-4833 

0-4833 

KNO3 

0-5084 

0-5103 

AgNO, .... 

0-4648 

0-4682 

CHg-COONa. . . 

0-5537 

0-5594 

CaClg 

0-4264 

0-4060 

K„S04 

0-4829 

0-4890 

H2SO4 

— 

0-8145 

K3Fe(CN)6 . . . 

0-4315 

0-4410 

Co(NH3)3Cl3 . . . 

0-5673 

— 


Owing to the high mobility of the hydrogen 
ion it carries more than 80% of the current 
during the electrolysis of an acid such as hydro- 
chloric acid. 

The fact that transport numbers are somewhat 
dependent on concentration shows that ion 
mobilities also vary (and unequally) with con- 
centration. Consequently, the conductance ratio, 
A/Aq cannot be an accmate measure of the 
degree of dissociation, as was supposed by the 
early workers. The changes in conductivity 
due to ionic interaction can be "calculated ap- 
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proximalely for very dUuto solutions by the 
Debye-Hiickel-Onsager theories {v. JIoleoulab 
C oNDTTCTiviTy, this Vol., p. ICOa). ■■ Interpoint ion 
formulffl have been proposed by Jones and Dnlo 
{l.c.) and by Longsu-orth (ibid. 1932, 54, 2741), 
who used an empirical equation udth two adjust- 
able constants to represent the change of T 
with concentration up to OdN. 

Solvation of Ions (v. \ol. VI, 295c). ^The 
amount of solvent permanently bound to ions 
in solution has been investigated by studying the 
transport of solvent during electrolysis (Wash- 
bum, ibid. 1909, 31, 322; Washburn and 
Jlillard, ibid. 1915, 37, 094; Remy and Reisner, 
Z. physikal. Chem. 192G, 124,' 394). In one 
method a non-electrolyte such as tirca or sucrose 
is added to the solution to act as a reference 
substance to indicate movement of solvent; 
another emploj-s a semi-permcablo membrane. 
Recent work on this proWem is discussed by 
Hepburn (Phil. Mag. 1938, [vii], 25, 1074). At 
the present time it is possible to determine 
diflferences in the degree of solvation of anion 
and cation, but the absolute values cannot be 
obtained. The hydrogen ion is believed never 
to occur as a free proton in solution, but is 
always attached to one or more solvent, mole- 
cules. If it exists in water ns HaO"'', then the 
chloride ion carries about 4, lithium 14, sodium 
8, and potassium 5 molecrilcs of water of hydra- 
tion. In some cases there may be definite co- 
ordination of water to an ion, but it is more 
probable that the molecules of solvation are 
clustered statistically round the ion by dipole 
orientation in the clcctro.static field. 

Abnormal Transport Ntmbcrs. — In certain 
cases the transport number varies greatly 
with concentration and ma}' even appear to 
become greater than unity. This gcncrnlly 
indicates the formation of comifiex ions, and, in 
fact, the method can be applied in some instances 
to determination of the structure of complexes. 
Hittorf showed by measurements of electrolytic 
transport that potassium silver cyanide solu- 
tions contain the [Ag(CN) 2 ]' ion. 

Hartley and his co-workers (Trans. Faraday 
Soc. 193G, 32, 795; 1938, 34, 1283, 1288) have 
used a combination of conductivity and trans- 
port measurements (the latter by a special 
modification of the moving-boundary method) 
to study “ micelle ” formation in solutions of 
colloidal electrolytes. “ Transport numbers ” 
as high as 3-3 wore found with solutions of cetyl 
pyridinium iodide. 

J. A. K. 

M ILCH DEN (V. Vol. V, 72c). 

MILDEW- AND ROT-PROOFING OF 
TEXTILES. — Mildewing of textiles, which is 
caused by the growth of micro-organisms, is 
manifested initially by the development of a 
musty odour and the appearance of variously 
coloured stains, and later by more serious 
deterioration resulting in loss of tensile strength. 
The two effects, staining and decay, have often 
been separated, and the former onlj^ referred to 
as mildewing, but recent investigations indicate 
. tfiat such a division is artificial. Under appro- 
priate conditions wool and related animal fibres 
cotton, silk, bast fibres, and most rayons’, 
whether in the form of fibres, yarn or cloth, are 


liable to attack. Most of the research^ has, 
however, been carried out on the degradation of 
cotton and wool, although tho War of 1939—45 
has stimulated activity in the rot-proofing of 
jute. 

CoTTOX. 

Micro-organisms responsible for the mildewing 
of cotton are mainly the lower fungi, bacteria, 
and possibly Aciinoiiujccs. Species of fungi 
most commonly met with are A.'^prrgillus, 
rcniciUium, Fvsariiirii. AUernnria, Metarrizium, 
Chictominm Glolosuvi, and JtlAzopu.i, whilst 
Cladosporhm, noirpth, Arrothfcinm, SUjsanus, 
and others have been isolated in a few instances 
(Rrighl, Morris, and Summers, J. Text. Inst. 
1924, 15, t547; Galloway, ibid. 1930, 21, t277; 
A. G. Thay.-’cn and H. J. Bunker, “ Micro- 
biology of Cellulose, Ilcmieellnlose, Pertins, anti 
Gums,’’ Oxford, 1927, p. 2.7 1; Goodavage, 
Amer. Dyc.stulV Bep. 1914, 33, r2G.7). The 
vulnorabiiily of all forms of cotton, ranging 
from raw fibres to finished eloth, has lc<l to the 
view that with rertnin fungi the priniaiy' cause 
of infection may be in the raw cotton itself. 
Any initial eontaminatiou of this type would 
persist through the ojierrttions of ginning, 
baling, and .spinning, and although it would be 
destroyed' during bleaching or mercerising, the 
material after .such ehemiml treatment would 
still be liable to infection byfungal spores in the 
atmosphere. 

Favourable conditions are neec'-'-ary for the 
doveloiunent of mould funui, and temperatun>, 
relative humidity, and adequate food siiiiply nro 
important. The recjuirements of tho various 
fungi differ con.siderably. For example, the 
optimum temperature for a white Aspergillus 
was shown to bo 37®c., whereas that for a green 
Pcnicilliuvi is 27^c. (Bright, .Morris, and .Sum- 
mers, l.c.). Most species grow very slowly at 
temperatures loss than 7'’c., but the normal 
tomperature.s prevailing during the .storage and 
jirocc.ssing of cotton are suitable for their 
development. It is claimed that fungi are 
killed by lack of water, but netunlly the spores 
merely become dormant and, even after several 
months, will grow whenever the necessary water 
is available. From tho results of various investi- 
gations (L. D. Galloway and R. Burgess, 
"Applied Mycology’ and Bacteriology," Ixindon, 
1937, p. 131) it appears that for successful 
mould-growth, cotton should have a regain of at 
least 8-9%, i.c., it should be in equilibrium 
with an atmosphere of more than 75% relative 
humielity. Tho precise minimum rolntivo 
humidity required depends on tho particular 
fungus, c.g., Hhizopus, 90%, .4. candidus, 75%, 
and A. niger, 95% (Galloway, J, Text. Inst. 
193,5, 26, t123). As all fungi can feed on sugars, 
proteins, and starche.s, tho Inst being degraded 
into sugars which aro adsorbed directly, their 
wants aro supplied not only by the eelluloso 
fibres, but also by starches and sizes ])resont in 
cotton yarn and cloth (iAIorris, ibid. 192G, 17, 
Tl, t23; 1927, 18, t99). Fungi which aro 
incapable of dostrojdng eelluloso aro often 
present on mildowed goods and must feed on 
starches and sizes, or on degradation products 
of eelluloso liberated by other fungi. Tho several 
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types of cotton show different degrees of sus- 
ceptibility to degradation, American cotton 
being the most resistant, but all are rendered 
much more susceptible by the presence of sizes, 
especially those containing starches and flour. 

The nutritional conditions outlined above also 
favour the development of bacteria, but these 
organisms require more moisture, and in general 
cause degradation only when the cotton is wet 
(A. C. Thaysen and H. J. Bunker, Second 
Report of the Fabrics Research Co-ordinating 
Committee, H.M. Stationery Office, 1930). 

Very early stages of mildew may be detected 
by staining with picronigrosine (Bright, J . Roy. 
jMicroscop. Soc. 1926, 271, 141), which renders 
the mycelium visible, or with Cotton Blue in 
lactophenol (Nopitsch, Textilber. 1933, 14, 139), 
which stains spores blue, whilst the Congo Red 
test, based on the appearance of cotton hairs 
swollen in strongly alkaline solution and subse- 
quently stained with Congo Red, is also of con- 
siderable value in detecting microbiological 
attack (Bright, J. Text. Inst. 1926, 17, t396 ; 
Clegg, ibid. 1940, 31, t49). To estimate quanti- 
tatively the extent of decay, loss of tensile 
strength is often employed, but Thaysen and 
Fleming (Biochem. J. 1920, 14, 25) have 
developed a test in which 0-2 g. of a sample is 
mixed with 10 ml. each of a 15% sodium 
hydroxide solution and carbon disulphide, and 
allowed to soak rmtil the maximum degree of 
swelling is attained. If the cuticle is sub- 
stantially damaged the characteristic “ beading” 
produced on normal cotton disappears, and by 
means of a suitable technique the extent of 
degradation can be estimated. 

Prevention of Mildew. — Iilildew of cotton 
may be prevented by maintaining a temperature 
which is too low, and a supply of moisture which 
is insufiicient for the growth of fungi. This 
course is possible in storage rooms, but is clearly 
not of universal application. When storage 
under ideal conditions is not practical, the 
material is treated with chemicals, popularly 
known as “ antiseptics,” which inhibit the 
growth of micro-organisms on the fibres and on 
their accompanying sizes, and are applied either 
as a dressing to the material, or incorporated 
into the size mixing. According to Fargher, 
Galloway, and Probert p. Text. Inst. 1930, 21, 
t245), an ideal antiseptic for general use in the 
cotton industry should have the following 
properties, in addition to a high antiseptic 
efiSciency : 

(i) It must not volatilise during the boiling 

of the size mixing or finishing paste, or 
the drying of the sized yarn or filled 
cloth. 

(ii) It must be unaffected by heat, by metallic 

surfaces with which it may come into 
. contact, and by any of the ingredients 
commonly used in finishing pastes. 

(iii) It must be suflScieutly soluble to ensure 

uniform distribution throughout the 
mixing. 

(iv) It must have no appreciable colour or 

odour, and must not develop any 
colour in slightly acid or alkaline solu- 
tions. This particular requirement. 


however, is not absolutely necessary 
provided that the colour is not ob- 
jectionable, e.g., cotton proofed with 
mineral khaki. 

(v) It must have no adverse effects on the 

cotton. 

(vi) If used in a cloth that is to be dyed and 

finished subsequently, it must not 
affect the results produced by these 
processes. 

(vii) To be generally useful, the cost, for equal 

protection, should not exceed that of 
zinc chloride. 

The toxicity of the reagent shovdd, of course, 
be high, and it is considered by Goodavage (Z.c.) 
that for complete protection against mildew the 
proofing compound should inhibit the growth of 
Ghxlorrdum gldbosum, Meiarrizium, Aspergillus, 
and Penicillium. 

Of the very numerous compounds suggested, 
some have been used in technical investigations, 
and data concerning their effectiveness are 
available, but others are the substance of 
patent specifications and there is little scientific 
information regarding their utility. The more 
common reagents are described below, but it 
should be pointed out that many are more lethal 
to certain fungi than to others, and that although 
many do not conform to the requirements of 
an ideal antiseptic, this does not prevent them 
from being useful for certain purposes, e.g., 
coloured compounds may be used when proofing 
mechanical fabrics. The effectiveness of many 
of the compounds is often increased by the sub- 
sequent application of a water-prootog agent, 
which may be of the wax-emulsion type or an 
aluminium salt. 

Zinc Chloride . — At least 0-8% of this com- 
pound on the total weight of cotton is necessary. 
If the cloth or yarn is subjected to high tempera- 
tures, difficulties are encountered because of the 
decomposition of zinc chloride to yield hydro- 
chloric acid, which causes tendering. Morris 
(I.C., 1927) has shown that in a size, 8-10% of 
zinc chloride (calculated as a percentage of the 
total starch) must be used with wheaten flour, 
and 6% in the case of other starches. Zinc 
chloride appears to be a good antiseptic for use 
on heavily sized goods, but may cause trouble 
by forming zinc soaps by interaction with 
softening agents. 

Chromium, Compounds . — These are usually em- 
ployed in the form of a pigment referred to as 
“ mineral khald.” The oldest method consists 
in impregnating cotton with salts of chromium 
and iron (usually ferric sulphate or ferric alum 
and chrome alum), and fixing the adsorbed salts 
by development with sodium hydroxide or car- 
bonate. This leaves the cloth alkaline, and 
hence a process has been devised in which the 
development is done by potassium chromate. 
Recent work by Race, Rowe, and Speakman 
(J. Soc. Dyers and Col. 1941, 57, 213; 1942, 
58, 32, 61) has shown that the pigments pro- 
duced in the two cases differ. The second 
method results in the production of a chromium 
chromate of the formula 3Cr203,4Cr03 and 
an iron chromate 3Fe203,2Cr03. During 
washing which follows the treatment, the 
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chromates are hydrolj'secl to form hydrated 
ferric and chromic oxides, but the chromic oxide 
so produced differs from that deposited on the 
fibres by development udth caustic soda or 
sodium carbonate, the former containing more 
alkali-soluble chromium and being more deeply 
coloured. Since the more expensive chromate 
process provides superior protection against 
moulds, and also leaves the cotton approximately 
neutral, it was considered desirable to imitate it 
by modifying the technique of alkali develop- 
ment, and the use of ammonia at SO'c. was 
advocated. The pigment deposited by this 
method contains apprcciablo amounts of 
alkaU-solublc chromium, and closefy resembles 
that produced by the chromate process, whilst 
at the same time the cotton is not rendered 
strongly alkaline. Jarrell, Stuart, and Holman 
(Amer: Dyestuff Rep. 1937, 26, 495) believe tliat 
the degree of protection produced by most 
“ mineral Idiaki ” dyeings is inadequate, but 
have shown that if copper salts arc also pre.-<ent 
to the extent of at least 0-11% (calculated on 
the weight of cotton), satisfnetorj' protection is 
given. 

Copper Sails. — These have considerable toxic 
power and have been employed for mildew- 
proofing, although their use is somewhat limited 
as they stain the material green, and in certain 
forms are comparatively c.xpensivc. Cupram- 
monium h3’droxidc (used in the manufacture of 
Willesden fabrics), coiipcr sulphate applied with 
caustic soda, basic copper carbonate formed b}' 
the interaction of copper sulphate and soda ash, 
copper soaps, copper naphthenates (often applied 
along with other naphthenates) and copper pro- 
pionj’l acetate have been shown to be cncclivc. 

Organic Compounds. — Manj' organic com- 
pounds have been suggested for mildew-proofing, 
and the following arc illustrative of the wide 
range : organo-metallic compounds of mcreurj', 
such as mercui^’ p-tolyl salicjdatc, p-acetox^'- 
mercuriacetanilido (Fargher, Gallowaj’, and Pro- 
bert, I.C.), and phenjd mercurj- oleatc (Furrj-, 
Robinson, and Humfcld, Ind Eng. Chem. 1911, 
33, 538) ; alkj'latcd dimcthj’lbcnzj’lammonium 
phosphate, followed bj’' a method aerjdate resin ; 
substituted phenols, of which the most import- 
ant are o-phen}dphenol, and 2-chloro-o-phcn3'l- 
phenol ; ' 2:2'- dihj’droxy-SiS'-dichlorodiphcnjd- 
methane; tribromo- and trichloro-phenol, and 
pentachlorophenol; andsalievlanilidc(“iS/itr/an,” 
I.C.I., Ltd.). - > ^ 

Rayon. 

Acetate rayon is resistant to mildew and the 
treatment of cotton or cellulosic rajmns with 
acetic acid, acetic anhydride, and acetjd chloride, 
which presumably function by acctylating the 
cellulose, yield a cellulose acetate which is 
resistant to mould attack. 

Wool. 

The growth of micro-organisms on wool, as 
on cotton, is determined bj’’ food, tcraiDcraturc, 
and moisture, the last being most important. 
In atmospheres of about 90% relative humidity, 
moulds, especially those of the genera Pcnicil- 
hum and Aspergillus, will flourish, but in damper 
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ntmos2)hcrcs and when wool is immersed in 
water, bacteria such as B. mcsentcricus, B. suh- 
lilis, and B. vujcoidcs, and certain Adinomijccs, 
attack the fibre (Burgess, J. Text. Inst. 1924, 
15, t573) and result in degradation to cortical 
cells. The condition and '’type of wool deter- 
mine its susceptibility to attack, the presence of 
natural grease and suint, added soaps and oils, 
and products of alkaline hydrolysis increasing 
the case with which it is damaged (Burgess, 
J. Soc. Dj'crs and Col., 1931, 47, 90). Sirailarfy, 
the pll of the fibre.s i.s important, an alkaline 
state favouring the devcloinncnt of bacteria and 
hindering fungoid growth, whereas increasing 
acidify functions in the opposite manner. 
Staining accompanies the growth of both 
moulds and bacteria. 

Microbiological damage can frequentfy bo 
minimised bv storage under .suitable conditions, 
but where this is not jiossible, use has to lie 
made of antiseptic.s, a numlK'r of which have 
been examined tiv Burges^ (J. Text. Inst. 1931, 
25, t2S9, 391). 'J’his author, however, seldom 
emploj'cd cidtures of bacteria, but as a result 
of an examination whicli showed tlie action o 
trv'psin to be similar to that of protcofytic 
bacteria, jireferred to test the eflicicnc_v of anti- 
septic.s Iw measuring their inhibiting action on 
the degradation of wool b^* a buffered solution 
of trypsin. He has demonstrated that for 
practical purposes satisfactorv* protection is 
given b\' the u«c of 0-t% of sodium fluoride, 
0-7% of “ Shirlan A'.l,” 0 07% of sodium o- 
phenylphenate, or 1% of soditnn silicofluoride, 
whilst phenol, formalin, bcnr.oie acid, mercuric 
chloride, salic^dic acid, zinc silicofluoride, and 
thallium carbonate also have considerable anti- 
septic power. Treatment of wool with potas- 
sium dichromate confers some degree of rc.sist- 
ance to attack by micro-organisms, and this 
eflcct is ronsidcrabfy enhanced if ** Bulan X " 
is applied at the same time. Copper salt.s, 
e.spccialfy the nai)hlhcnatea, arc also good anti- 
septic.s, but their use is limited on account of 
staining. Thc.se compounds are ver^’ eflcctivo 
when applied along with cntch. nltliough the 
latter has ver^' little prc.servalivc action when 
u.sed alone. 

Bast Fjimr..s. 

The mierobiological degradation of flax and 
hemp i.s of c.spccial importance in connection 
with their use in the manufaeturo of fi.shing and 
.similar nebs, and in retting of flax to ])roducc 
the commercial fibre. Tho lattor is di.scu.s.scd in 
Vol. V, 159c, and it remains only to mention 
methods of jjreservation. Treatments witli 
ridrbcr latex (Olio, through Second Report of 
Fabrics Rc.scnrch Co-ordinating Committee, 
II.M. Stationer}' Office, 1930) after impregnation 
n-ith cutch and other fungicides, and treat- 
ments with copper olcato and tar (Taylor and 
Wells, Bureau of Fisheries Documents, Nos. 947 
and 998, Washington), or copper naphthenato 
are considered to give satisfactory results. Tho 
fungicide should not bo leached out durintt tho 
life of tho textile. 

Although jute is heavily lignified it is very 
susceptible to mildew and decay, a fact which 
has considerable commercial signifienneo on 
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account of the use of jute for sandbags and 
similar articles. Degradation is slight under 
dry conditions, but in the presence of 'watef, 
attack by moulds, bacteria, and actinomyces is 
rapid. As jute is cheap, any acceptable proofing 
operation must also be cheap, and hence many 
treatments which are suitable for cotton are 
impracticable for jute. The most recent results 
(Armstrong, Chem. and Ind. 1941, 60, 668) oU 
the preservation of sandbags indicate that tar 
distillates having a tar-acid content between 
5 and 10%, copper salts of oleic, stearic, and 
naphthenic acids, copper chromate, colloidal 
copper, basic copper carbonate, and cupram- 
monium compounds, when used under optimum 
conditions, are effective. In order to attain 
satisfactory microbiological resistance, at least 
0-35% of metallic copper on the weight of the 
fibre must be deposited, but in practice not less 
than 0-8% should he apphed initially. When 
proofing with cuprammonium salts a copper 
content of 1'0-1-S% is desirable, whilst at least 
25% of creosote is necessary, although this may 
be reduced to 20% if 0-6% of copper is also 
deposited on the fibre. In addition to rotting 
due to exposure in water, degradation of jute 
may also take place in the centre of bales, a 
phenomenon which is known as “ heart 
damage ” (Cross and Sevan, J.S.C.I. 1908, 2’}, 
1129; Finlow, Mem. Dep. Agric. India, 1918, 
5, 33 ; Thaysen and Bunker, “ Microbiology of 
Cellulose, HemiceUulose, Pectins and Gums,’’ 
London, 1927, pp. 268-260). 
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MILFOIL (n. Vol. I, 119d). 

MILK, 

1. General Description of Milk, 
INCLUDING Colostrum. 

The composition of the thick secretion (colos- 
trum or beestings) of the mammary gland is 
especially designed for the suckling of the newly 
bom offspring with its limited digestive powers. 
With the development of the offspring the com- 
position of the colostrum secreted gradually 
changes and assumes the composition of the 
milk appropriate to the particular species of 
mammal. The secretion of this milk con- 
tinues during the lactation period and subse- 
quently diminishes and largely ceases. The 
term “ milk ” is confined to the lacteal secretion 
of the milch cow unless otherwise stated. 

Both the colostrum and the milk which follows 
consist essentially of an emulsion of butterfat 
in a continuous aqueous phase in which are 
lactose and a colloidal suspension of casein, 
stabilised mostly by albumin and globulin- 
inorganic salts, some in solution and some in 


colloidal association with the casein, e.g., cal- 
cium and magnesium phosphates, are also pre- 
sent, together with citrates and other minor 
constituents, some of which {e.g., the vitamins), 
are of major importance. 

The percentage composition of the colostrum 
of the cow secreted dining the first week after 
parturition is given in Table I. Typical figures 
for cows’ milk are also included for comparison. 

Table I. — Colostrum (or Beestings). 


(Engel and Schlag, Milch. Forsch. 1924, 2, 1.) 


Time 

(days 

after 

calving). 

0 

1 

2 

4 

7 

Milk 

(see 

Table 

ID. 

Water . 

73-01 

87-23 

88-56 

88-15 

87-87 ■ 

87-25 

Fat . 

5-10 

3-40 

2-80 

2-80 

3-45 

3-75 

Casein . 
Lact- 
albumln, 
Lacto- 

6-08 

2-76 

2-63 

2-68 

2-42 

2-63 

globulin 

and 

Proteose- 

Peptone 

11-34 

1*48 

0*99 

0-82 

0-69 

0-55 

Lactose . 

2-19 

3-98 

3-97 

4-72 

4-96 

4-70 

Ash . 

1-01 

0-86 

0-83 

0-83 

0-84 

0-75 

Cl as NaCI 

0-163 

0-166 

0-149 

0-135 

0-113 

0-105 

Sp.gr. . 
F.p. de- 

1-067 

1-034 

1-032 

1-034 

1-032 

1-032 

j>re39ioii, 

0-605 

0-575 

0-680 

0-555 

0-670 

0-650 


[The pre-colostral fluid obtainable from the udder of 
cows prior to parturition is similar in composition to 
colostrum (Woodman and Hammond, J. Agric. Sci. 
1923, 13, 180).] 

During the period of secretion the percentages 
of lactalbnmin, lactoglobulin (and proteose- 
peptone), casein, ash, and chloride of the colos- 
trum decrease, while the lactose content in- 
creases. A particidar characteristic of colos- 
trum during the first 2-3 days of secretion is the 
heat coagulability due to its high content of 
lactoglobulin (Crowther and Raistrick, Biochem. 
J. 1916, 10, 434), which is believed to be derived 
unchanged from the blood-stream [idem, ibid . ; 
Wells and Osborne, J. Infect. Dis. 1921, 29, 
200; Amer. Chem. Abstr. 1921, 15, 3677). Its 
iron content is also high, being approximately 
seventeen times that of milk (Fleishman, “ The 
Book of the Dairy,” London, 1896, p. 36). 

Definition. — ^In Britain there is no official 
definition of milk. According to the Sale of 
Milk Regulations, 1939, and for the purpose of 
the Food and Drugs (Adulteration) Act, 1928, 
milk containing less than 3% of fat or less than 
8-5% of non-fatty solids is presumed not to be 
genuine unless the contrary is proved to be the 
case. 

Incidentally, according to the Public Health 
(Condensed MUk) Regulations, 1923, milk con- 
tains 12-4% of milk solids, including 3-6% of 
fat (hath, miniimiiu valvica). Tbia pita’Hiibbly is 
intended to indicate the composition of 
‘‘ average ” milk , as distinct from the lower 
limits for genuine milk. 

The Federal definition of the U.S.A. is : 

hlilk is the fresh, clean lacteal secretion ob- 
tained by the complete milking of one or more 


healthy cows, properly fed and kept, excluding 
that obtained wthin 15 days before and 10 daj's 
after calving, containing not less than 8‘5% of 
Bolids-not-fat, and not less than 3-26% of milk 
fat.” 

The Geneva Congress defined milk as " The 
integral product of entire and uninterrupted 
milking of the female milch cow in good health 
and well nomished and not over worked. It 
ought to be collected in the proper manner and 
contain no colostrum.” 


2. Aveeaoe Cojitosition of SItlk. 

Numerous factors (considered later) affect 
the composition of cow’s milk, which is by no 
means constant, but the variations in com- 
position are less evident in bulked herd-milk. 
The average percentage proportions of the major 
constituents of milk arc given in Table II. 

Table II. 


MILK. 

must be accepted with reserve, and the tota^ 
protein figure may be high, ns it is possible that 
in some cases it has been calculated from the 
total nitrogen content of the milk. The results 
from reference ‘‘ give probably the most accurate 
detailed distribution of the protein bodies in 
milk. These results arc confirmed by American 
workers (reference using essentially the same 
method of analysis. The best approximation 
to the average composition of milk is probabl}* a 
combination of the results from references - 
and *. It should be remembered that the 
recorded figure for a.sh i.s slightly higher than 
the mineral content {see Section 3 {(>) (v)) and the 
figure in reference * for “ other bodies " (cal- 
culated by difference) is accordingly slightly 
low. 


Reference 

No. 

1 


3 

4 

5 

Fat . . 

3-01 

3-75 

3-07 




Non-fatty 







solids . 

8*77 

0-00 

9-02 




Total N . 




0-5240 (100) 

0-5244 (100) 

Total pro- 







tein* 


3-20 

3-42 

3-18 

(05) 

3-15 (04-3) 

Casein • . 



2-80 

2-03 

(78-5) 

2-01 (78-1) 

Lact- 







albumin • 





0-31 

(0-2) 

0-34 (100) 

Lacto- 








globulin * 



0'50 


0-11 

(3-3) 

0-10 (3-1) 

Proteose- 








peptone * 
Non - pro- 

1 




013 

(4-0) 

0-10 (3-1) 

tein N . 


(003) 


0 0203 (5-0) 

0-0297 (5-7) 

Non - pro- 







tein N 







bodies . 


0-20 





Lactose . 


4-70 

4-78 




Ash . . 


0-75 

0-73 




dther 







bodies . 


0-10 

0-20 





• Calc, ns NxO-38. 

The figures in parentheses represent nitrogen con- 
tents calculated as the percentage of total nitrogen 
In the milk. 


3. Tiir. CoxsTiTunxTS or Milk. 

(a) The Disperse (Fatty) Phase. — 7'hr. fat 
globules of mill:, surrounded by a surface layer 
containing protein and phosphatide.s and also, 


The size 
?d by the 
cow. It 


dry feeding producing smaller fat 
\ the milk (lltmrikcr, Purdue Agric. 
Bull. No. 159, 1912). The effect of 
of the lactation period is most con- 
illu.strntcd by tho sir.c. frequency 
n graph (Pig. 1) constructed from tho 
Van Lain and Sirk.s (Versing. Ondera. 
2, 26, 100). (In these curve.s tho mid- 


occurring in that range, expressed ns a percent- 
age of tlio total number of globule.s measured.) 
As lactation progre.ssc.s an increase in the 
ibor of globulc.s le.ss than 2;i. and a decrease 
in globules more than I/i. in diameter is evident 
(Lyons and O’Shea, Sci. Proc. Bov. Dublin Soc. 
1934, 21, 123). 


‘ Average of 771,602 samples, n. D. Richmond, 
Diary Chemistr}',” 4th cd. revised by G. D. Elsdon 
and 6. H. Walker, London 1042, p. 7 
2 Composition of milk usually quoted, op. cit., p. 2. 

5 Average of results of various ohscnxrs, \V. L. 
Davies, "Chemistry of Milk,” London, 1030, p. 10. 

■* Based on analyses of bulk milk of mixed herds 
(England) (Rowland, J. Dalrj- Res. 1038, 9, 47). 

Calculated from reported analyses of mixed herds 
(U.S.A.) (Menefee, Overman, and Tracy, J. Dairy Sci. 


The above results are subject to certain qualifi- 
cations : those quoted from reference ^ represent 
approximately 46% of commercial samples and 
65% of Public Analysts’ samples, some of tho 
latter probably being adulterated irith water. 
These average figures must therefore bo con- 
sidered slightly low. The results from refer- 
ence® are averages of tho average results 
recorded by different observers, using in many 
cases _ different methods of analysis. While 
there is no serious criticism of most of tho figures 
on that account, the individual protein contents 


{b) The Continuous (Aqueous) Phase. 

(i) The Prolcivs of ^[ill:. 

For detailed properties, constituent amino- 
acids, etc., sec under Photiuks. In the pre.^ent 
article tho proteins are con.sidercd only from 
tho point of view of their relationship to tho 
characteristic properties of milk. 

(a) Casein . — The terminological confusion con- 
cerning this protein has already been mentioned 
(u. Casein, Vol. II, 411a). Tho term “ casoin- 
ogon " is apiffied to tho protein ns it exists in 
milk, and “ casein ” to tho protein separated 
from milk by rennet, acid, etc. In tho alterna- 
tive tcrminolog}', chiefly adopted in tho U.S.A., 
no such differentiation is made, “ casein ” being 
applied to tho protein whether or not separated 
from milk, except in tho special case of tho 
rennet-precipitated protein which is termed 
“ paracasein.” Since casein has not been 
characterised as a chemical ontitj% tho method 
for its dotermination^nnd isolation (based on acid 
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precipitation at pH 4-7) serves to define it. 
Methods for its isolation and determination or 
its molecular weight by ultracentrifugal studies 
have already been described (Vol. II, 412a). It 
should, however, be pointed out that according 
to Svedherg (Nature, 1931, 128, 999) polymeri- 
sation and aggregation occur during its isolation, 
and consequently the recorded results do not 
apply to the protein “ caseinogen ” as it exists 
in milk (see also Section 4 (p. 1036), on “ Physico- 
Chemical Kelationship of Constituents ”). 

(6) Soluble Proteins.— These are generally con- 
sidered to consist of lactalbumin and lacto- 
globulin, which may be separated firom fat-free 
milk in a variety of ways. The procedure of 
Crowther and Eaistrick (Biochem. J. 1916, 10, 


434) is based on the removal of casein by 
addition of potash alum, followed by saturation 
of the filtrate with magnesium sulphate to preci- 
pitate lactoglobulin, and then, after filtration, 
saturation of the solution at 40°c. with sodium 
sulphate to precipitate lactalbumin. Later 
Sjogren and Svedberg (J. Amer. Chem. Soc. 
1930, 52, 3650) prepared crystalline lactalbumin 
by removal of casein and lactoglobulin by half- 
saturation with ammonium sulphate and pre- 
cipitation of the lactalbumin from the filtrate 
by addition of acetic acid to pH 6-2. Palmer 
(J. Biol. Chem. 1934, 104, 359) prepared what 
he called “ lactoglobulin ” from casein-free whey 
by precipitation with sodium sulphate, but 
Pedersen (Biochem. J. 1936, 30, 961) considers 



that this substance was probably part of the 
lactalbumin fraction. Incidentally, it may be 
mentioned that Crowther and Eaistrick (l.c.) 
and also Howe (J. Biol. Chem. 1922, 52, 51) 
separated substances termed “ euglobulin ” and 
“ pseudoglobulin ” by fractional precipitation 
with sodium sulphate. 

During these precipitations, including that of 
casein, the possibility must be borne in mind that 
changes in the proteins, especially molecular 
3-ggregation, may take place, and consequently 
the substances isolated are not necessarily 
identical with those present in the original milk. 
This criticism does not apply when fat-free milk 
is subjected to the Svedberg ultracentrifugal 
method used for studying the molecular sizes of 
proteins. By this method Pedersen (Biochem. 
J. 1936, 30, 948) and Kekwick (quoted by 
Pedersen) have indicated that in milh from which 
the large caseinogen particles have been removed 
by ultracentrifuging, there are three soluble 


proteins : (i) a protein of low molecular weight 
(Kekwick) ; (ii) a globulin-like homogeneous 
protein of molecular weight 39,000, similar to 
that of Palmer (he.), having its isoelectric point 
at pH 5-19 in acetate buffer (these two proteins 
constitute what is normally termed “ lactal- 
bumin ”) ; and (iii) the protein generally known 
as lactoglobulin. 

Lactalbumin is soluble in water, with iso- 
electric point at pH 4'65 (according to Csonlca 
et al., J. Amer. Chem. Soc. 1926, 43, 763), or 5-2 
(according to Sjogren and Svedberg, l.c.). It 
may be denatured and coagulated by surface- 
adsorption and by a variety of treatments, in- 
cluding exposure to light, pressure, and heat. 
The ultracentrifugal method in the hands of the 
last-named investigators, has indicated that 
“ purified ” lactalbumin has molecular weight 
varying from 12,000 to 25,000. 

I This protein exists in colostrum and, accord- 
ling to Woodman (Biochem. J. 1921, 15, 187), 



whose conclusions are confirmed by serological 
studies of Sasald (Arb. mod. Univ. Okayama, 
1930, 1, 550 ; J. Dairy Ees. 1933-34, 5, 80), is 
not identical with blood-scrum albumin. 

Lacloglobulin is a heat-coagulablo protein with 
acidic properties. Although its isoelectric point 
is reported to be pli 6 '4 (that of blood-scrum 
globulin), maximum heat-coagulation of lacto- 
globulin-}-lactalbumin is effected at pH 4‘35- 
4-80. Lactoglobulin is insoluble in water, but 
soluble in dilute acids and mineral salt solutions. 
The lactoglobulin of milk and of colostrum are 
identical udth blood-scnim globulin, according 
to Howe (lx.). 

(ii) The Minor Nitrogenous Co 7 islilucnls of 
Milk. 

These are generally understood to include all 
the nitrogenous bodies with the exception of the 
casein, lactalbumin, and lactoglobulin. The}' 
include traces of other proteins and phospliatidcs 
associated uith the fat globules, together with 
secondary proteins of a protcosc-pcptonc nattirc, 
and the residual nitrogenous bodies, namely, 
amino-acids, phospliatidcs, purine bases, urea, 
ammonia, etc. 

The nature and quantity of the minor nitro- 
genous constituents depend upon the method of 
removing the casein, lactalbumin, and lacto- 
globulin. Heat treatment of milk (10 minutes 
at 100°o.), followed by adjustment of the pH to 
4-7 at ca. 40°c., removes the above-mentioned 
proteins, and subsequent treatment with 8% 
tricUoroacetic acid precipitates the pro/cosc- 
peplone fraction, leaving in solution the residual 
nitrogenous fraction (Rowland, ibid. 1937, 8, 0). 
Alternatively, fat-free milk ma}’ be defecated 
with certain protein prccipitants, leaving in the 
filtrate the last-named fraction, the quantity 
and composition of which depend to some extent 
on the precipitant used (Kiefcrle and Gloet?.!, 
Jlilch. Forsch. 1931, 11, 02; Munchberg, ibid. 
1933, 15, 50). 

A detailed study of the precipitation of the 
proteins from milk by trichloroacetic acid has 
shown that concentration of the acid and tem- 
perature are of importance (Rowland, J. Dairy 
Res. 1938, 9, 30). At room temperature, maxi- 
mum precipitation of the proteins (and hence 
minimum residual nitrogenous fraction) is 
obtained with a concentration of at least 8% 
(preferably 12%) of the acid, whereas at 
elevated temperature [e.jr., at 70'’o. for 30 
minutes with 4% of the acid, ns in Moir’s 
method (Analyst, 1931, 56, 228)] hydrolysis of 
protein (and so increased residual nitrogenous 
fraction) results. 

As the residual nitrogenous constituents are 
largely dialysablo, dialj'sis offers n further 
possible method for their separation from miUc 
proteins. 

Rowland {l.c.) found that the soluble protein 
fraction remaining after removal of casein (pre- 
cipitation by 8% tricliloroacetic acid at room 
temperature) was composed of approximately 
247o of proteose-peptone fraction and 70% of 
lactalbumin and lactoglobulin. 

The proportion of the various constituents of 
the residual nitrogenous fraction arc shown in 
Table III. 
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Taiilk Iir.— R ksiduai, Nitkooknous Fkaotion 
OF Jln.K. 



Mr. per 

100 p. 

N : mp. 
per 100 p. 

Bcf. 

Amino-acids and 
Amides 


2-9-1 4 -7 

1. 2. 3. s 

Amino N . . 

2-9-1 1-7 

l.yslnc. Arpl- 


present 


nine, lllslldlnc 

present 


Ixmclnc . . 

9-2 

098 


Oiycocoll . . 

n5-2 

12-7 


O'jToiilnc . . 

90 

0-70 


Aspartic acid . 

20 

0-30 


Oltitamic ncld . 

5-4 

0-00 


Creatine . . 

6-.3-n-S 

1-7-3-.8 


Creatinine . 

3-2-7-3 

1 •2-2-7 

t* mt } 

Urea . . . 

22<3-47-l 

7-1-1 5-0 

k ■ • * ^ 

Hlpptirlc arid . 

present 

present 

i Zt 

rhosphnlidfs. 


present 

1 , to. to 

Ixicltliln 

present- 

Keplinlln . . 

present 

present 

M« 12 

Piirin/’.r. 



1. « 

liric ncld . 

3'3-7-.'. 

1- 1-2-6 

.Vdenine 

nr.o 

0-20 

e* :o 

(iunninc 

I-O 

n-ir. 

e* 20 

llvpnxnntlilne. 

pre.sent 

pre.sent 

fi 

Melhvlpuanldlne 

j)re«ent 

present 

10 

Kiicleotldes 

2'3 


16 

Other Ixxtir/. 



1. 4. 1 n. 

Ammonia . 

0-21 

0-1-7 

Thiocyanate (ns 
CNS') . . 

0-913 

0-22 

M. 15 

IS 

Choline (ns hy. 



17 

drorhlnrlde) 

40 


Trlmeth.vlnmine 

present 

present 

22 

'J’rimethylnmlnc 



oxide. 

present 

present 

ly 

Orotic nrld 

present 

present 

34 

Vitamins eon- 
talninp N (ire 
Table All). 



» Kirforlc null OIocW, Mlirh. rersch. IPni. 11. W. 
^ Tllcycr null irnllmnti, Bloclirtn. 16.3. 

J mid .Minot, J. Bloj. ciii'lii. 1011', 37, .S.'>.T. 

•• Ylnln mid K.ahlirno, Blorldnt. Ternp. sporiin. JP21, 

8, 32.6 : Aiiicr. Ohrm. Ahstr. 1022. 10, 26r.s. 

i Splrito. Bed. rlv. 1020. 3-1, '.121 ; Amor. Clicm. 
Alialr. 1027,21, 2,‘14. 

* HIjIkntn, .1. Itlol. Chnn. 1022. 61, 1C.6. 

1 I’lclmn nnd Vcndcull, Itnll. Scl. pli.mimcol. 1021 
28, ,300, -10 1. 

• Jlilncldicrjj, Milch, l-’orsch. 1033. IG, 60. 

® Osborne nnd Wnkciunn, J. lUol. Ghem. 1016, 21, 
639. 

JO Arhciu:. Mitt. Lchmsin. llyit. 1910. 10. 93. 

>J Schwnrz mid .Mcr-lcr-Aiidclhcrp, lHochcin. Z. 1928, 
194. 302. 

•* Torrlsl, Doll. Soc. Ital. Diol. sperlm. 1P31,9, 1011. 
JJ Durstclri mul I’rum, Z. Unters. I.chcnsni. 1935, 

09, -121. 

KIurc, ibW. 1930. 71, 232. 

•5 Nlcniczyckl nnd (Icrlmnlt, halt, 1030, 10, 1019. 

J« Dlcyermid Kallmann, DIochem. Z, 1921, 163, -160. 
*7 Dhlmi, Bull. Wash. Aprlc. I'.xp. .Stn, 1911, Ko. 410, 
33. 

J‘ Bleycr nnd Knllninnn, Blochctn. Z. 192.3, 155, 64. 
i» Mueller, Z. Dlol. 1920, 84, 563. 

20 VocRtlln nnd Shcrwln, J. Biol. Clicin. 1918, 33, 
145. 

21 Knrnhlno.s nnd Dlttmcr, Proc. Roc. Kxp. Biol. 
Med. 1043, 63, (2), 111 ; Imp. Biir. Bnlrv Scl. Ahstr. 
1043, 6, 161. 

22 ZwnRcrman, Proc. ‘World’s Dairy CoiiRrc.ss, 1031 
Sect. 1, p. 172 I Amcr. Clicm. Ab.str. 1033, 27, 637. 

23 Davies, ArtIc. ProRr. 1930, 13, 112 : Amcr. Clicm. 
Ahstr. 1030, SO, 4939. 

2< Blscaro nnd Bellonl, Clicm. Zentr. 1005, IT, 03. 

It should bo noted that wliilo the nitrogenous 
bodies onumorated in Table III have been 
identified in milk, it is possible that they are not 
all normally present; some may arise during 
its fractionation or as a result of bacterial action. 
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(iii) The Nitrogenous Bodies associated with 
the Fat Globules. 

On the surface of the fat globules of milk there 
exists an adsorbed layer containing phos. 
phatides, etc., but consisting largely of a protein 
which has been studied in some detail by several 
investigators. According to Wiese and Palmer 
(J. Dairy Sci. 1934, 17, 29) the protein ie 
different from casein, lactalbumin, and lacto. 
globulin in its constituent amino-acids, the 
difference being confirmed by serological teste 
(Palmer and Lewis, Arch. Path, and Lab. Med, 
1933, 16, 303). 

(iv) The Carbohydrates of Milk. 

The carbohydrates of milk consist almost 
entirely of lactose. It is present as an equili- 
brium mixture, the composition of which differs 
elightlf from that obtaining in sqaeous soiutiozt 
(viz. 1 part of a-lactose as hydrate and 1'65 parts 
of jS-lactose at room temperature), owing to the 
presence of the milk salts. The rather low solu- 
bility of lactose in water (7-3% at 16°c.), which is 
reduced in presence of sucrose, is of importance 
in the manufacture of condensed milk. 

Some evidence has been recorded of traces of 
other sugars in millc besides lactose. Thus 
Whitnah (J. Amer. Chem. Soc. 1931, 53, 300) 
claims that there exists in milk 0-0-35% of 
glucose, whUe Jones (J. Dairy Res. 1936, 7, 41) 
found 0-06% (average value) of a fermentable 
sugar (possibly glucose) in normal mEk, 
Carbohydrates have been detected as con- 
stituents of the proteins of milk ; thus Tillmann 
and Philippi (Biochem. Z. 1929, 215, 36, 50) 
found 0-36-0-65% in casein prepared by 
Hammersten’s method and l-3-l-6% in the 
albumin-f globulin fraction. Sorensen and Hau. 
gaard (Compt. Rend. Trav. Lab. Carlsberg, 
1933, 19, No. 12) have further developed TiU. 
mann and Philippi’s method, and record the 
presence of 0-31% of galactose in Hammersten’s 
casein and 0-44% in lactalbumin. 

Milks of other mammals are claimed to contain 
carbohydrates with properties different froin 
those of lactose, e.g., that in mare’s milk ig 
fermentable by yeast while, according to Polo, 
lovski and Lespagnol (Compt. rend. 1931, 192, 1 
1319), human milk contains “ gynolactose ” and 
‘ allolactose ” with rotatory powers less than 
hat of lactose, the former also having a lower 
■educing power. 

(v) Inorganic Constitutents. 

(a) ^ Major Constitutents of the Ash . — ^The corn- 
iosition of the ash of mUk as reported by H. D. 
lichmond, “ Diary Chemistry,” 4th ed., revised 
y G. D. Elsdon and G. H. Walker, London, 
942,* p. 20), together with the extremes and 
aean results of other observers, is given in 
able IV . It will be noted that the sum of 
lichmond’s figures exceeds 100%, owing to the 
ret that metals, which are present partly 
hlorides, are calculated as oxides. 

Although m^ is nearly neutral (pH ca. 6-5), 
s ash is invariably alkaline in reaction. During 
icineration the loss of organic acid radicals 

* references in this article to Blchmond refer 
I tlUB book. 


Table IV. 


Constituent. 

Bichmond. 

Various observers. 

% wt./3vt. of ash. 

P 2 O 5 . . . 

29-33 

Extremes. 

21-57-29-33 

Mean. 

25-67 

CaO ... 

20-27 

20-01-27-32 

22-37 

MgO ... 

2-80 

2-25- 3-12 

2-63 

Cl ... . 

14-00 

13-57-16-38 

14-44 

SO 3 . . . . 

Trace 

Trace- 4-11 

3-39 

FejOs ... 

0-40 

0-05- 0-40 

0-20 

NajO ... 

6-67 

5-82-11-92 

9-03 

K 2 O ... 

28-71 

25-63-30-33 

26-34 

CO 2 ... 

0-97 

0-97 

0-97 

Less 0=CI 

103-15 

3-15 

100-00 




(e.g., citrate and caseinate) is greater than the 
gain in acid radicals, e.g., ca. 8% of the phos- 
phorus pentoxide and all the sulphur trioxide 
and carbon dioxide are derived from organic 
bodies. Approximate 70% of the ash of milk is 
insoluble in water and consists largely of the 
double phosphate CaKP 04 , together -with a 
small proportion of MgKPO^; the soluble 
portion of the ash (30%) consists mostly of 
alkali chlorides (Richmond, op. cit., p. 21), 

It is e-vident that the composition of the ash 
is not the same as that of the mineral con- 
stituents of the mfik, which are considered in 
Section 4. 

(b) Trace Elements . — ^The content of certain 
trace elements in mEk is to some extent affected 
by the food ingested by the cow. Large in- 
creases in the iodine content of milk resulting 
from the feeding of iodine-rich rations have been 


Table V 

. — ^Tbacb Elements. 

Element. 

P.p.m. in milk. 

Fe 

0-40-0-53 25 ; 0-56 26 ; 0-3 27 

Cu 

0 14-0 17 25 ; 0-13 26 ; 0-09-0-17 


(av. 0 - 12 ) 28 

Mn 

0-05-0-17 29 ; 0 06-017 50 

Pb 

0 02-0-04 31 

Zn 

1-76-4-46 (av. 3-3) 32 

1 

0-100 32 ; 0-145 summer, 0-060 


winter 36 ; 0-42 35 

B 

0-2 36 

F 

Trace. 

Si 

0-18-0-63 37; 1.2-4-0 38 

Al 

1-9 39 


Krauss and Washburn, Ohio Agric. Exp. Sta. Bull. 
No. 532, 1934, p. 33. 

Bemy, Z. Unters. Lebensm. 1932, 64, 645. 

Kon, Chem. and Ind. 1943, 478. 

25 Sylvester and Lampitt, Analyst, 1935, 60, 376. 

2’ Bichards, Biochem. J. 1930, 24, 1572. 

20 Buttner and Miermeister, Z. Enters. Lebensm. 
1933, 65, 644. 

21 Kasahara et at., Jahrb. Kinderheilk. 1936, 147, 

357. • 

22 Sato and Murata, J. Dairy Sci. 1932, 15, 451. 

22 Leitch and Henderson, Biochem, J. 1926, 20, 1003. 
W. L. Da'vies, " Chemistry of Milk,” London, 

1939, p, 472. 

23 i-oley, J. Dairy Sci. 1942, 25, Abstr. 56; Milk 
Dealer, 1941, 30, 39. 

2027 and Agulhon, Compt. rend. 1913, 156, 

Strohecker et at., Z. Unters Lebensm. 1935, 70, 

345 . 

22 Kettmann, Milch. Forsch. 1927, 5, 73. 

29 Lehmann, Arch. Hyg. Bakt. 1931, 106, 309 
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reported (ICieferle ei al, Jlilch, Forsch. 1927, 4, 
1 ; Lunde and Gloss, Norsk. Mag. Laegevidensk, 
1936, 97, 377) ; the results of feeding an iron- 
rich ration are contradictory, while copper in 
the feed has little effect on the copper content 
of the milk {see also -under Section 11, “ Off” 
flavours of Jlilk, p. 11 Id). The iodine content 
of colostrum is relatively high (up to 2-9 p.p.ni. 
according to Jliothko and Courth, hlilch. Forsch. 
1932, 13, 394), hut during secretion rapidly falls 
to the normal value for milk (appro.vimatcly 
O-l p.p.m.). The zinc content of colostrum (Sato 
and Murata, J. Dairy Sci. 1932, 15, 451) and also 
the silica content (Kcttmann, Milch. Forsch. 
1927, 5, 73) change in a similar manner to the 
iodine content. 

It shoidd bo home in mind that some of the 
trace elements foimd in milk may not ho 
naturally present hut maj’ have been introduced 
during processing (c.g., silicon, iron, copper, and 
tin), laical recorded figures are given in 
Table Y. 

Spectrographic c.vaminntion of milk ash has 
been made by several investigators, but the 
results are somewhat conflicting {see Dingle and 
Sheldon, Biochem. J. 1938, 32, 1078, who refer 
to papers by Wright and Papish, De, Blumbcrg, 
and Bask). 


(vi) Miscellaneous Conslituenis. 


(1) Citrate . . 

(2) Oases CO 2 . 

O 2 . 
HjS . 

(3) Cholesterol . 

(4) Vitamins . 


Table 

0-07-0-4%, av. 0-18% (c.Mc. ns 
citric add). 

10% by vol. in milk in udder, 5%. 
Immediately after niilklnc, 
falllnR to 3%. 

Trnee. 

Trace in boiled milk. 

0 010r)-0 0170% (Denis and Minot, 
J. Biol. Cliera. 1018, 37, O.'Jn). 

See under " Nutritional Value,’' 
p. lOOo. 


The reported distribution of calcium and 
phosphorus between (a) the <iial 3 'snblo and non- 
dialj’sablo fraction, (5) the soluble and insoluble 
fractions after rennet treatment, and (c) the 
soluble and insoluble fractions after trichloro- 
acetic acid treatment of milk is given in Table 
VII. 

Table ^^:I. — Distbibutiok or Calciem 
AND Pnosriionus in Milk. 


(a) Separated milt. Lainpltt et at. (lllocliem. J. 
1037, 31, 1801). 




% In non-fnt(y 

% of tolnl 


tnllk solid'’. 

prc'''iit. 

Dl.'ilvsnblc IiiorRniilc P . 

0 03-0-77 

33-13 

„ orcniilc P 

0 31-0-33 

7“1 

.. Cj . . . 

1-37-T-H 

25-12 

.. Me . . . 

0-10-0-35 

C2-S3 


(t>) U'hnlemilttO H2%W/7/P and 0-130% Mai Cj) 
treated trlth rennet. I.InK (.1. Dafrj- ite*. 1037, 7, 173). 


of total P, 


SoltiMe. 


In«olu>i!e, 

Tot.nI .... 

51-1 

Tot.al . 

. . 43-0 

Inonranie . . . 

.33-5 

Inorsanle . 

. . 30 0 

OrRanlc (ester P) . 

17-0 

(27-7 ns Cj)(PODj 

2-3 as Mr, (POD;) 
OrRanle . . . lS-9 

(10-0 ns casein 

2-3 n« phospbatldes) 


1',, of total C», 


Poltible. 

ln«oliib'e. 

Total . . . . 33 3 

Total .... CO-7 
(40-4 ns Cj,(P 04 )j 


20 3 ns casein) 


4. PHYSlCO-OHEraCAL BELATIONSniT OE CON- 
STITUENTS. The CojrpLEX or Casein with 
THE Calcium and Phosphate in JItlk'. 

It is generally agreed that the dispersed in- 
soluble constituents of milk contain calcium 
phosphate (with a trace of magnesium phos- 
phate), but opinions are divided ns to whether 
this is present as di- or tri-cnloium phosphate. 
The work usually quoted is that of Van Slyko and 
Bosworth (J. Biol. Chom. 1916, 20, 135; 1910, 
24, 191), which indicates that milk contains 
either a mixture of dibasic calcium phosphate 
and calcium caseinate (containing eight equiva- 
lents of calcium) or tribasic calcium phosphate 
with an acid caseinate. As a result of a study of 
material separated on centrifuging (separator 
slime), these authors preferred the former 
alternative. Other workers have supported 
that view, but of more recent date Pyno (Bio- 
chem. J. 1934, 28, 940), Ling (J. Dairy Res. 
1936, 7, 146 ; 1937, 8, 173), and Ramsdoll and 
Whittier (J. Biol. Chem. 1944, 154, 413) .have 
submitted evidence suggesting that the major 
portion of the colloidal phosphate in milk is in 
the form of Ca 3 (P 04 ) 2 . It is doubtful whether 
there is any association, other than a purely 
physical one, between the casein and the 
colloidally dispersed insoluble phosphate. 


(c) TT/iole milt (0'103% total P) prerijiitated trith S^n 
CCIj-COOH. Gmiinni anil Knv (.1. Dnlrv lies. 1033- 
34.6.51). 


of tolnl P. 



Acid- 

soluble. 

Acid- 

Insoluble. 


Totnl P . . 

75 

25 


InorRnnlc P . 

05 

nil 


OrRnnlc P . . 

10 (ester P) 

(ns jiliosphatide 
(ns casein 

0-5) 

18-5) 


6. FaCTOB-S AFraOTINO THE GeNEBAL 
CostrosiTiON or JIilk. 

(a) Breed of the cow has an effect on tho 
milk which is perhaps most evident in its fat 
content. Tho latest and most authoritative 
published data are given in tho Reports of tho 
Livestock Improvement Schonio, 1937 and 1938 
(J. Min. Agrio. 1937, 44, 875 ; 1938, 45, 950), 
from which have been taken tho average fat 
contents of many samples of milk from various 
breeds of cow during two twolvo-monthh’ 
periods {see Table VIII). 

It should bo mentioned that tho breed giving 
milk of tho lowest fat content may give tho 
highest yield of fat. 



MILK. 


105 


Table IX. — ^JIonthly Average 
COMPOS mON OF ]\IlLK. 


Month. 


Januarj* 
Februarj’ 
March . 
April . 
May . 
June . 
July . 
August 
September 
October 
ICovember 
December 


Total average for 603,315 
samples .... 


Fat, %. 

JCon-fntty 
solids, %. 

3-05 

S-70 

3-58 

S*77 

3-54 

8-76 

3-52 

S-73 

3-40 

S-70 

3-44 

8-70 

3-53 

8-69 

3-60 

S-OS 

3-OS 

S*7C 

3S0 

8-82 

3-Sl 

8-81 

3-75 

8-78 

3-01 

8*77 


Higliland Agric. Soc. Scotland, 1925, 37, 120). 
During drought conditions the protein nnd fnt 
contents of the milk increase, nnd the lactose 
content decreases. 

(i) Effect of Disease. — The first effect of ill 
health of the corv on the milli is nsunlh- .a falling 
off in the yield, vrliich may he followed by a 
change in the proportion of the constituent.s. 

The effect of mastitis infection is to reduce the 
casein, fat, and lactose, nnd to increase appreci- 
ably the chloride content of the milk (Vanland- 
ingham cf o/., J. Dairy Sci. 19-11, 24, 3S3). 
Much work of recent date has suggested that 
apparently healthy cows yielding milk of low 
non-fatty solids content maj' be suflering from 
sub-clinical mastitis (Rowland, J. Dairy Re.s. 
1938, 9, 51). This has been supported by Foot 
and Shattock {ibid., p. ICG) and ly Rowland 
and Zein-el-Dine {ibid., p. 182) who showed that 
those quarters of the udders of the corvs infected 
with Sir. agalactcie (mastitis) gave milk with 
significantly lower non-fattj* solids than unin- 
fected ones. Sub-clinical Staphylococci viasHtis 
infection reduces the casein content nnd in- 
creases the pH of the millr (Shattock nnd Jlat- 
tick, ibid. 1940, 11, 311). 

{j) Effect of Hormones. — ^As the result of 
much experimental work in recent j'cars, it has 
been found possible to increase the jicld of milk 
during declining lactation bj' administration of 
hormones. Coincident with this stimulation of 
the secretion of milk, the daily jdeld of butterfat 
may be increased as much as 50% by repented 
injection of anterior pituitary c.xtrnels (Folloy 
and Young, Biochem. J. 1939, 33, 192), nnd the 
jdeld of non-fatty solids b3f injection of thyroxine 
or by addition of diy thyroid to the feed (Folloy 
and YTiite, Proc. Roy. Soc. 193G, B, 120, 34G) 
Oral administration of iodinnted proteins 
(espscially iodinated casein) has also been found 
to give increased yield of mUlc during declining 
lactation (Reineke and Turner, J. Daily Sci. 
1942, 25, 393). Oestrogons have the effect of 
inducing lactation in barren animals, but in- 
mbit established lactation (FoUey, Vet. Rec. 
1944, 56, No. 2, 9). Restricted supplies of 
hormones have prevented their use on a large 
scale. 


(b) Other Influences which affect the com- 
positaon of the milk are sexual excitement, 
which often, but not invariably, results in a 


temporary increase in fat content, nnd mllkiny 
by wiskiUcd personnel, which cau.«cs reduction in 


G. Relatiol-suip niiTwr.r.N the Milk 
Constituents. 

Studies on the variations in the percentage of 
the variou.s constituents of milk from health}’ 
cows show that usually, when the fat content 


In spito of these variations and those ivsulting 
from disease, the osmotic pressure of the milk 
(conveniently determined from the deprc.ssion of 
the freezing-point) remains remarkably constant 
(fccScction 7(5), p. 107«). From this it follnw.s that 
one important relationship between the consti- 
tuents of milk is determined by the constancy 
of the sum of the osmotic pressure.s of the 
individual constituents. The chloride nnd the 
lactose together account for approximately 80% 
of the total osmotic pre,ssun>, thu.s enabling 
formul.-e relating j)erccntnge of lacto.se (A) with 
that of chloride (as chlorine) (C) to !>e derived. 
Thus : 


44(/y-fC)--n constant 
100C//.<C u«nall.v 

/->7-lP Cf; • 
/y->7-07-JSe 
Al'o /,*"C-r)Xnsh % 


(Kopal'ctic’-;, Mllrli. Zentr. 
51. .s.'.). 

(Ko^sti'-r, lAndw. J.alirb, 
Srlw. jr. 11)22. 30, 133). 
(.M-atlikn mill IVrn^ Ann. 

rabir. 12). 

(.SunillKT?, /. I'tiL'rs. I/C- 
hcn'in. 1031. 02. r.O’J). 
(Ilmiln, j\fi. rmne. 1)0111 
Tavanr. sci. Strasbourr, 
1020 , 02 ). 

• This relationship has been the snbjeet of mnrh 
study on the C’onlinenl, nnd 1« applied to the detection 
of added water (fee Jorct nnd Itadei, Ann. rnbif. U'27. 
20, 311, 403 ; TaKcl nnd flenel, ihid. 1D31,27, ir.7). 

Certain relationships involving the protein 
content have also been proposed. Thus ; 

/y:% protein: % ash (Vlcth's ratio) (Annly.st, 
«=)13:0:2 isss, 13 .IP, 03 ; 1S91, 

10. 203). 

% Ash"0-1N% protein (Sherman, J. .\mer, Chein. 
-0-3S Soc. 1003,25, 132). 

The distribution of the nitrogen of milk Iretween 
the various protein constituents is ns follows: 


Nitrogen combined ns 

Fercentago of total N. 

Casein 1 

70-5 

Albumin ’ 

12-0 

Globulin ' 

0-0 

Total protein * . ' . . . . 

01-0 


1 Goldberg ft at. (J, Dnlrj- llc.s. 1032, 4, 48). 

2 Davies (il/id., p. 142). 

7. Physical Properties. 

(a) Colour. — The colloidal calcium phos- 
plialo and caseinate and the emulsified fat are 
responsible for the white appearance of milk in 
reflected light nnd opacity in transmitted light. 
The cream}) colour results from the presence 
of carotene in the fatly phase nnd riboflavin in 
the aqueous phase. When the fat rises, the 
aqueous layer appears by comparison with the 
cream layer to have a bluish tinge, the intensity 
of which increases as the fat content of the 
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aqueous layer decreases. Variations in the 
proportions of the constituents previously 
enumerated naturally affect the colour of the 
milk. 

(6) Surface Tension.— The recorded figures 
show a range of 46*5— 53*3 (most samples 49—62) 
dimes per cm. (Vein and Belle, Compt. rend. 
Soc. Biol. Paris, 1935, 119, 678). Dilution, 
skimming, and homogenising have little effect 
on the surface tension, but variations occur 
when the properties of the calcium caseinate are 
changed, e.g., by alteration of the pH. 

(c) Viscosity. — While the viscosity of nulk, 
as that of other liquids, varies with temperature, 
the presence of the fat globules introduces an 
additional 'effect dependent upon their size and 
form (tendency to form clumps on standing) and 
the plastic properties of the fat itself. The 
viscosity of whole milk is greater than that of 
separated mfik and, with rise in temperature, 
decreases at a greater rate. Homogenisation of 
whole milk causes an increase, pasteurisation and 
freezing followed by thawing a decrease, in 
viscosity. There is no significant change in 
viscosity of separated milk at 20°o. with in- 
creasing acidity up to 0-45% (calculated as lactic 
acid). At higher acidities the viscosity increases, 
owing to increased hydration of the protein 
(Mohr and Oldenberg, MUch, Forsch. 1929, 8, 
429, 676 ; Mohr and Moos, ibid. 1934, 16, 188 ; 
Bateman and Sharp, J. Agric. Res. 1928, 36, 
647). Tapemoux and VuiUaume (Compt. rend. 
Soc, Biol. 1934, 115, 1128) reported that the 
viscosity of whole milk at 15°o. is 0-021 to 0-026 
poises, and of separated milk 0-018 to 0-019 
poises. 

(d) Electrical Conductivity. — Wide varia- 
tions are recorded in the conductivity of milk, 
Kreim (Milch. Forsch. 1933, 14, 613) giving 
values of 38-0-68-4X 10“^ mhos, mostly 41- 
50xl0~^ mhos. The conductivity shows little 
correlation with the amounts of the various con- 
stituents present in the milk, except in the case 
of the chloride content, with which it is approxi- 
mately proportional (chlorides form the bulk of 
the soluble salts in milk). Niemeczycki and 
Galecki (Lait, 1938, 18, 1009) recommended 
determinations of conductivity of milk as a 
means of indicating abnormality, a value greater 
than 64x 10~^ mhos being considered abnormal, 
suggesting mastitis infection. The conductivity 
of milk is also increased by the addition of 
neuralisers or ionisable preservatives. 

(e) Cataphoretic Behaviour. — Under the 
influence of a direct electric current, not only 
the proteins, but also the fat globules of milk, 
migrate to the anode or cathode, according to 
the pH. Mohr and Brookmann (MUch. Forsch. 
1931, 11, 211) found that the proteins and 
also the fat globules of mUk migrate to the 
cathode at pH<4-3 and to the anode at pH>4-3. 
Butter fat dispersed in water behaved similarUy 
except that the critical pH is 3-0, the difference 
being attributable to the protein adsorbed on the 
fat globules of mUk. These authors stated that 
neither heating nor homogenisation affect the 
cataphoretic behaviour of the fat globules in 
mUk. 


{/) Redox Potential. — Buruiana (Lait, 193! 
12, 786) found that the of milk is approx 


mately -f 0-200 v., and may be reduced to 
ca.— 0-200 V. by bacterial action and by heating. 
For the relationship between the development 
of “ oxidised ” flavour and the redox potential 
of mUk, see Section 11, p. 112d. 

(g) Refractive Index. — ^The refractivity of 
milk is an additive property of the soluble 
constituents. It is usually determined on the 
serum, the value obtained depending on the 
precipitant used for defecation, copper sulphate 
being generally used. Elsdon and Stubbs made 
a very thorough study (see papers in Analyst, 
1927-30) of the refractive index of the copper 
sulphate serum of milk, and recorded values 
obtained by the Zeiss dipping-refractometer of 
37-39 (average 38-3) for 997 samples (equiva- 
lent to refractive indices of 1-3416 to 1-3423, 
average 1-3420). These authors claim that 6% 
of added water may be detected in milk by this 
method. Tocher (l.c.) gives the same average 
value of 38-3 for 676 samples. 

(A) Specific Gravity. — ^The presence of air 
bubbles in freshly drawn milk normally pre- 
cludes the accurate determination of its sp.gr. 
imtU after the elapse of 1 hour after drawing. 
The sp.gr. increases slightly up to 12 hours after 
milking (Rechnagel phenomenon), owing to the 
change in sp.gr. of the fat during gradual solidifi- 
cation (Richmond, op. cit., p. 85), or, according 
to Pyenson and Dahle (J. Dairy Sci. 1938, 21, 
601), to an increase in the amount of bound 
water in the lyophilic colloids. Determinations 
of the sp.gr. of mUk are therefore made after the 
elapse of several hotrrs (ca. 12) after drawing. 
Recorded values for sidmmed milk vary between 
1-032 and 1-0365 at 15°c., and for whole milk of 
normal fat content from 1-028 to 1-034 (average 
1-032), although individual cows may give mflk 
with sp.gr. between 1-0136 and 1-0397. Tocher 
(l.c.) records the sp.gr. distribution frequency of 
676 samples which gave values between 1-025 
and 1-036. 

Several formulae have been evolved, relating 
total solids content {T), fat content (F), and 
specific gravity (iS) of milk. Richmond {op. cit, 
p. 122) gave T=0-26x l,000(iS-l)-|-l-2F-kO-13, 
and constructed a slide-rule from which sp.gr., 
fat content, or total solids content may be com- 
puted when two of the values are known. 

(t) Specific Heat. — ^The recorded value for 
the specific heat of skimmed milk at normal 
temperature is 0-95, and for whole mffk 0-92 up 
to 10°c., 0-95 at approximately ffO^o., 0-93 at 
30-50'’c., and 0-94 at OO'c. The high value at 
20°c. for whole mUlc is due to the effect of the 
latent heat of fusion of the fat (Bowen, U.S. 
Dept. Agric. Misc. Publ. 138, 1932). 

{j) Boiling Point. — From the known cryo- 
scopic and ebullioscopic constants of water and 
the average freezing-point depression of mflk, the 
elevation of the boiling-point of mflk may be 
calculated to be approximately 0-16°c. Bowen 
(l.c.) records, however, a determined bofling- 
point of 100-55°c./760 mm. The bofling-point is 
affected by the amount of calcium phosphate 
and citrate deposited during heating. 

(fc) The Osmotic Pressure of milk is its 
most constant property, being unaffected by the 
breed of cow, period of lactation, feed, season, 
etc. It is the sum of the osmotic pressures of 
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the milk constituents and amounts to 6-78 atm., 
according to Costc and Shclbourn (Analj’st, 
1919, 44, 158), who also indicate the proportion 
due to each constituent, the lactose and the 
chlorides contributing the major proportion. 
It follows from the constancy of the value that 
any change in the proportion of one constituent 
is accompanied by a change in others, c.ff., 
when the lactose content falls the chloride con- 
tent rises. 

(1) The Depression of the Freezing- 
Point A (the difference between the freezing- 
point of milk and that of water), being a function 
of the osmotic pressure, is equally constant. 
Its determination affords therefore a convenient 
means by which to estimate water added to milk. 
Exhaustive studies of the method of determining 
A made by !Monier-Williams (Food Report 
No. 22, H.M.S.O., 1914; .Analyst, 1933, 58, 254) 
and by Elsdon and Stubbs {ibid. 1930 and 1933- 
36; J.S.C.I. 1931, 50, 135t) have led to the 
fairly general adoption of the Hortvet method 
prescribed by the Association of Official Agricul- 
tural Chemists (“ Jlcthods of Analysis,” 1930, 
p. 275). The range of figures quoted in the 
literature for A, obtained by different techniques, 
is 0-490-0'748°o. (extremes), and the normal 
range 0-512-O-5S0°c., average values being 
0-537-0-570‘’a. Some of the higher recorded 
results may be due to the fact that increase of 
acidity of milk increases its A. Elsdon and 
Stubbs (Analyst, 1934, 59, 140) gives A values of 
0'629-0'563°c. for 1,000 frc.sh, genuine samples, 
the average being 0'544°c. These authors state 
that milk with A 0'63® or above should bo con- 
sidered genuine, and that the presence of 5% of 
water added to normal milk may rcadilj' be 
determined by this method. 

{m) pH . — The usual pll range of fresh milk is 


6-4-G-9 (average 0-0), but the figure varies 
according to the condition of the udder of the 
cow and to the effects of micro-organisms 
present in the milk. The pH is increased by 
dilution and reduced by heating. 

(«) Buffer Capacity and Acidity. — Jlilk 
has a strong buffer capacity, attributable largely 
to the proteins, the citrate, and the phosplmto 
present. At pH 0-5 the buffer capacity is 
greatest and at pH above S-."i it is least. The 
buffering effect at the lower pH is duo largely 
to the phosphates and at the higher pH to the 
proteins. 

The acidity of normal milk ns determined by 
titration with sodium hydroxide, using phenol- 
phfhnlcin ns indicator, is 0-14-0-IS"o (calculated 
ns lactic acid) ; a figure of ca. 0-19% for genuine 
milk indicates incipient sotiring, and below 
0-13% suggests that the tnilk has In'cn tlerived 
from unhealthy cows (\hiillnnt, Knit, 193.5, 15, 
901). The phcnolphthalein end-jioint is not 
sharp, owing to the slow preeipit.ation of 
fricalcium phosphate (Summer and Menos, 
J. Dairy .Sei. 1931, 14. 130). The fading may Ihj 
minimised by dilution of the milk, when the 
titration figure is reduced, nr it may lx* jire- 
vented by addition of potassium oxalate Imforo 
titration to remove caleium from solution, when 
tho titration figure is reduced to a degree 
dependent on tho amount of oxalate added 
(P\'ne, Biochem. .7. 1934, 28, 910). 

8. KNZVMlg}. 

(.9rr. Table X.) 

Tho enzymes of milk consist of native etjr.^-mes, 
I.C., those pre.sont in the milk in tho udder, 
and enzymes originating from contaminating 
bacteria. 


Table X. — Enzymes Piiesent in Milk. 


Knzymo. 


Substrate. 


I’rc- 
foraicd 
in milk. 


Duo to 
bacteria. 


Conditions 
for In- 
activation. 


Opt I- 
mum 
pH. 


Opti- 

mum 

lempi’ra. 

ture. 


Troduet of 
react inn. 


(o) Esterases. 

(i) Lipase. 

(ii) Phosphatase. 


Fat: 

esters. 
P esters. 


butyric 


-f- 

-f 


fl:r, 20 min. s-n 

03-05’, 1.5 o-o 

min. ; im- 
mediately 


Fatty arid. 

InorRanlc phos- 
plinte. 


(6) Protease. 
Galactasc. 

(c) Carhohydrases. 

(i) Lactase. 

(ii) Amylase. 

(d) Eehydrogenases. 
(I) Reduetasc. 

(ii) Schardlngor 

enzyme. 

(iii) Xanthine 
oxidase. 

(e) Oxidases. 

(i) Peroxidase. 

(ii) Catalase. 


Protein. 


Laetosc. 

Starch. 


Methylene Blue ; 
Resazurin. 

Methylene Blue 
and formalde- 
hyde. 

Methylene Blue 
and Xanthine. 


H2O2. 

H2O2. 


■f 

9 

4 - 


+ 


+ 


at > 75 °. 


72-80’ 

00-05’ ' 
1 hour. 


C4-7-2 


37-12’ 


Peptono.s. 


0-0 

5'8-0-2 

5-5-8.5 


30’ 


Glucose -I- palnctoso. 
Dextrin and re- 
ducing BUgar. 

Ijouco-comi)ounds. 


75’ 

p]I<4or>0 


8-0 


• 10 ’ 


Loueo - compounds 
and formic acid. 

Loueo - compounds 
and uric acid. 


? 

+ 


70-83’ 4-0 

pB:<3or>10 

00 - 02 ’ 7-0 

20 min. 


Active oxycen 
Molecular oxysen 
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JULK. 


(а) Esterases. 

(i) Lipase.— Tlhe butyric rancidity of milk 
and milk products has been shown to be due to 
the action of a lipolytic enzyme (or enzymes) 
present in milk, capable of hydrolysing butter 
fat (also other fats and butyric esters), pro- 
ducing free acid. Whether the hydrolysis of 
these different substrates is due to one enzyme 
alone is not known. Mattick and Kay (J . Dairy 
Res. 1938, 9, 58) showed that a lipolytic enzyme 
is native to milk and used, for its determination, 
its hydrolysing action on tributyrin. 

The lipolytic activity of milk is very variable 
and depends on the season of the year (highest 
in winter) and the stage of lactation of the cow 
(Hileman and Courtney, J. Dairy Sci. 1935, 18, 
247). The activity is not prevented by freezing 
the milk, but is inhibited by high acidity, by heat 
(e.g., in pasteurisation), by heavy metals 
(especially copper) in presence of oxygen 
(Kjukovsky and Sharp, ibid. 1940, 23, 1119). 
Agitation or homogenisation of the miUc in- 
creases the fat-water interface and so produce.^ 
a condition more favourable to lipolysis {idem, 
ibid. 1938, 21, 671). The enzyme is destroyed 
by heating at 63°c. for 20 minutes (Csiszar, 
Slilch. Korseh. 1933, 14, 288). 

(ii) Phosphatase, an enzyme capable of 
hydrolysing phosphoric esters, is native to milk, 
its activity varying with the stage of lactation. 
Its association with the protein adsorbed on the 
fat globules has been suggested (Graham and 
Kay, J. Dairy Res, 1933, 5, 54, 63). The 
phosphatase is active over the pH range 6-10, 
with an optimum at 9-0. During the pasteuri- 
sation of mUk, the most resistant of the patho- 
genic bacteria present are completelj' destroyed 
before the phosphatase, and consequently 
determination of phosphatase activity in the 
milk affords a useful method for testing the 
eflSciency of the pasteurisation process. The 
method most generally applied is based on the 
determination of the phenol liberated by the 
action of the phosphatase on diphenyl phos- 
phate (Kay and Graham, ibid. 1935, 6, 191). It 
is claimed that, by this method, it is possible 
to detect the presence of 0-25% of raw milk in 
pasteurised milk, and in “ holder ” pasteurised 
miUr to detect whether the holding time (30 
minutes) has been reduced by 10 minutes, or 
the temperature (146°r.) has been lowered by 
h5°r. {see “ Pasteurisation,” p. 1136). 

(б) Protease. — Thatcher and Dahlberg (J. 
Agric. Res. 1917, 11, 437) describe an enzyme 
{galactase) present in milk, not of bacterial 
origin, which slowly breaks down milk protein 
to peptones and simpler substances. It is 
probably of tryptic nature and is most active at 
pH 5-4— 7-2 and at 30— 42°c. The action is in- 
hibited at low temperatures and in the presence 
of 15% of sodium chloride (it is not active in 
salt butter), and destroyed at 72— 80°o., accord- 
ing to the pH of the medium. 

(c) Carbohydrases. 

(i) Lactase . — ^Vandevelde (Biochem. Z. 1908, 
11, 61) demonstrated the presence in milk of very 
small quantities of an enzyme which hydrolyses 
lactose to glucose and galactose. Svanberg 
(Z. physiol. Chem. 1930,188, 207), however, failed 
to find it in normal milk 


(ii) Amylase is native to milk, being probably 
derived by infiltration from the blood stream 
by way of the mammary gland (Grimmer, 
Biochem. Z. 1913, 53, 429). Bacteria present 
in milk also secrete the enzyme. On precipi- 
tating casein, part of the enzyme accompanies 
the precipitate, a small amoimt being left in the 
whey. Its activity, which is affected by the salts 
present (especially the chloride), is optimal at 
30°c. and pH 5'8-6-2, under which conditions 
the enzyme in 100 ml. of milk is capable of 
hydrolysing 50-100 mg. of gelatinised starch. 
The enzyme may be inactivated by heating at 
60-65°c. for 1 hour (Heiduschka and Komm, Z. 
physiol. Chem. 1931, 196, 187). The amylase 
content is high in milk from diseased udders and 
also in colostrum up to the fourth day after 
parturition. The estimation of amylase was 
suggested by Giffhom (Milch. Zentr. 1911, 7, 
236) as a means of determining the bacterial con- 
dition of milk, and for detecting the presence of 
milk from diseased cows ; Gould (J. Dairy Sci. 
1932, 15, 230) used this method for testing 
efficiency of pasteurisation. 

{d) Dehydrogenases. — ^Freshly drawn milk 
has very little reducing action on Methylene 
Blue or Resazurin, but this property develops 
as the number of bacteria increases owing to 
their reductase activity. This is the basis of one 
method used for determination of the bacterial 
quality of mUk {see Section 10, p. llld). 

There is also present in milk a native enzyme 
known as aldehydrase or Schardinger enzyme, 
which reduces Methylene Blue in presence of 
formaldehyde. In addition, adsorbed on the fat 
globules of milk, there is a third enzyme {xanthine 
oxidase) which, in presence of Methylene Blue 
(or of nitrates), oxidises certain purines, e.g., 
xanthine, to uric acid (Morgan et al., Proo. Boy. 
Soc. 1922, B, 94, 109 ; Dixon and Thm-low, 
Biochem. J. 1924, 18, 971, 976, 988). Later 
Booth {ibid. 1938, 32, 494) concluded thfJt the 
two last-named enzymes are most probably 
identical. The Schardinger enzyme activity is 
weakened by heating to 70°. It is inactivated at 
75°c., at pH<4 and >9, in presence of silver, 
copper, or mercury, and in sunlight or ultra- 
violet light. The conditions for maximum 
activity are 40° (Toyama, Amer. Chem. Abstr. 
1934, 28, 7279) and pH 8 (Basu and Mukherjee, 
J. Indian Chem. Soc, 1936, 13, 11). Schardinger 
enzyme is not present in human milk (Sassen- 
hagen. Arch, Kinderheilk. 1910, 53, 281), or 
in goats’ mUk (Wedemann, Biochem. Z. 1914, 
60, 330). 

(e) Oxidases. 

(i) Peroxidase is a native enzyme of milk 
associated with the lactalbumin. This enzyme 
liberates active oxygen from hydrogen peroxide 
and is usually estimated by the Storch reaction 
(development of blue colour with hydrogen 
peroxide and p-phenylenediamine). Peroxidase 
is inactivated at 70-83°c., according to the time 
of heating {e.g., 1 hour at 70°c., or 5 minutes at 
75°o., J. E. Lane-CIaypon, “ Milk and its 
Hygienic Relations,” London, 1916, p. 85), and 
destroyed at pH>10 and <3, although if the 
pH change is immediately followed by neutrah- 
sation the activity is restored. Traces of 
‘hydrogen sulphide or sulphydryl compounds 
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present in boiled inilli inhibit the nctivitj’’ of the 
enzyme. 

(ii) Catalase, wliich liberates molecular oxygen 
from hydrogen peroxide, is native to milk, the 
content being related to the catalase content of 
the blood of the cow (Zollinger, Biochem. Z. 
1933, 257, 450). The ainomit of catnlasc 
present in milk varies with the breed of the cow 
and depends on the fraction of milking, being 
richest in the strippings. The cnz3'me, which is 
precipitated n-ith the casein on rennet coagula- 
tion of milk, has optimum activity at pll 7. 
Complete inactivation of the enzyme occurs in 
20-30 minutes at 90-92°c., but at lower tempera- 
tures longer times are required. 

Leucocytes, from diseased udders, and bacteria 
increase the catalase content of milk. Determi- 
nation of catalase, e.g., bj* measurement of the 
volume of o.xygcn liberated from hj'drogcn per- 
oxide or bj^ iodometric determination of the 
hydrogen pero.xide decomposed (Anderson and 
McWalter, J.S.C.I. 1937, 56, 270t) has bc-en 
suggested as a means of determining such 
contamination, but the metliods arc at best 
only empirical. 

9. Nutiution.vi. Valuk. 

(a) General. — Milk is a perfect food for 
infants up to G months of ago, after which 
supplements arc required for normal growth. 
The energj' contributed bj’ the major consti- 
tuents is indicated in Table XI. 


Table XI. — 100 g. Whole 1»Iilk. 



B. 

l-hicray value. 

Fat 

Protein 

Carbohydrate . . 
Calcium .... 

Iron 

Phosphorus. . 

3-75 

3-2 

-J-7 

0-12 

0-0010 

0-03-1 

33-8 kg..cal. 

r-2-8 „ 

19’S .. 


Total . 

00-4 kR..cnl. 


The proteins present arc biologicallj' complete 
and have a supplementary’ action to cereal prO' 
teins (Kon, Chem. and Ind. 19-13, 478). The 
fat, present as small globules, is precipitated 
with the casein during digestion and is thus in ar 
easily assimilable form. The lactose const it ucnl 
of milk, apart from its cnergj' value, is im- 
portant by virtue of its controlling inlluenco oi 
the intestinal bacterial flora (Gorstlcy c( at. 
^er. J. Dis. Cliild. 1932, 43, 655), and the fad 
that it increases the adsorption of calcium and 
pho^horus in the intestine in a manner similai 
to that of vitamin-D (Roberts and Christmair 
4. Biol. Chem. 1942, 145, 2G7). 

of calcium and phosphoriu 
(lable XI), so essential in chUdhood, milk is oi 
considerable importance, as it provides a noccs 
sary supplement to sugars, cereals, and tubon 
wmoh are deficient in these elements. The in- 
elusion of regular quantities of milk in cliildron’t 
le has been shown to result in enhanced in- 
crease m weight and improved health (hlorgar 

36 972)™'^'^' 

Whether pasteurisation, deemed necessary by 


health authorities to safeguard public health’ 
causes loss of nutritivo value has been the sub- 
ject of much controversy. The subject has 
been complicated by prejudice and by con- 
flicting evidence arising from shortcomings in 
tho planning of experiments, and also, in the 
earlier experiments, from inadequate knowledge 
of the significance of vitamins in tho diet. 
Recent large-scale studies made in this country 
have confirmed tho findings of Morgan et aL 
(l.c.) and also show that there is no .significant 
difl'crence in mitrifivc value between raw and 
pasteurised milk (Milk Nutrition Committee, 
“ Milk and Nutrition," Reading, I93S). 

(b) The Ease of Digestion of cows' milk b 
generally compared with that of hunnui milk, 
ns this property is of major importance in infant 
feeding. 'J'he first stage.s in the process of 
digestion entail the conversion of the caseinogen 
to ea.«cin, wliich precipitates in tho prc.sence of 
the calcium ion of the milk as a curd (calcium 
caseinate). As the ca.'-ein of cows’ milk is 
associated witli a relatively .smaller proportion 
of protective colloid (laetalbumin and Incto- 
globulin) ajnl more eideiutn ion than that in 
human milk, the former precipitate.^ in a very 
much coarser form than doc.s the latter, and so 
the subsequent dige.sfion procred.s more slowly. 
Tlie state of division of the ea.sein curd from 
milk.s of rliflcrent cow.s is not by any means 
constant. !>ome milks, termed “ soft-cunl 
milks" ])n)iluce a fine and friable ctird during 
tligeslion (these tisually liave low casein, total 
protein, and ash contents) while others, " hard- 
curd milks," produce a coaiye ami rubbery one, 
Tho latter arc chosen for chec-se making and the 
formi'r, beiivg more easily digested, urv' pre- 
ferred for infant feeding. 

In view of tho need for din'orentiating milk.s 
according to t he types of curd they proclucc, atj 
empirical method lias been devised for determi- 
nation of tho eon.sistoncy of tho cunl (curd 
tension) produced by treatment of milk with a 
pepsin-hydrochloric neid mixture [.Miller’s 
modification (.1. Dairy Sei. 1935, 18, 259) of 
Hill’s method {ibitl. 1923, 6. 509), adopted by tho 
American Dairy’ .Science .-Vs.sociation Committee 
on Method.s, ]!)3S, and quoted by’ Doan {ibid. 
1938, 21, 739)]. Curd tension i.s not aflected by 
“holder” pasteuri.safion, but it i.s reduced by 
homogenisation or prolonged heat-treatment, 
c.(j., sterilisation, Rrocesse.s suggested for tho 
preparation of soft-curd milk include 

(i) the addition of sodium Jiexamefaphos- 

phatc, pyrophosphutci, or citrate (Tracy 

and Corbett, ibid. 19-10, 23, 289; 

(ii) superheating followed by centrifuging to 

remove insoluble protein (Dizikes and 

Doan, ibid. 19-12, 25, 37) ; 

(iii) sonic treatment (Bikoff ct at., Now York 

Sta. J. Mod- 1941, 41, 2052) ; 

(iv) use of proteolytic en’/.ymes (Blatt cl ah, 

J- Pediat. 1940, 17, 435), 

The digestion of tho casein of milk has been 
studied under conditions comparable with those 
in the digestive tract (Flora and Doan, J. Dairy 
Sei. 1938, 21, Abate., 163; see also Bull. Pa. 
Agric. Exp. Sta. No. 380, 1939, quoted by 
Dizikes and Doan, J. Dairy Sci. 1942, 25, 38), 



MILK. 


110 

and it has been proposed to use the curd partiele- 
size as a measure of the ease of digestion 
(Storrs, ibid. 1941, 24, 866 ; Wolman, 30th Ann. 
Conv. Intemat. Assoc. Milk Dealers, Lab. Sect. 
Proc., p. 114, 1937 ; J. Dany Sci. 1938, 21, 
Abstr., 243). 

(c) Vitamins. — Table XII shows the wide 


range of values for the vitamin content of milk 
recorded in the more recent literature. Column 1 
gives the values for milk of pasture-fed cows 
(summer milk) and column 2 for milk of stall-fed 
cows (winter milk) . The results in column ^ are for 
milk from cows having unspecified types of feed. 

Vitamin-A in milk is almost entirely confined 


Table XII. 


Vitamin. 

Vitamin 

units. 

1. 

Fat-soluble. 

-A. Diquid milk. 

Butterfat. 

-D. Diquid milk. 

Butterfat. 

-E 

I.U. per ml. 
I.U. per g. 

I.U. per ml. 
I.U. per g. 

1-05-2-35 1 
29-85 3. 4 
0-024-0-038 
0-83-0-99 5 

-K 



Water-soluble. 

■Bi (Aneurin). 

pg. per g. 

— 

-Rj (Riboflavin). 

[xg. per g. 
mg. per 100 ml. 

1-62-2-37 '» 

-P 



•B 2 Comvlex. 
Nicotinic acid. 
Pantothenic acid. 
Biotin. 

Inositol. 

Pyridoxine. 

Polio acid. 

mg. per 100 g. 
mg. per 100 g. 
pg. per 100 g. 
mg. per 100 g. 
pg. per 100 g. 
pg. per 100 g. 

— 


2 . 


0-42-2-79 1 
7-4-40 3 
2 0 003-0 017 
0 07-0-23 « 
Traces ’ 


3. 


0 - 1 - 2-20 2 
17-9-24-6 2 
2 0 003-0-05 


Traces ‘ 


0-15-0-70 2. 9 


1-42-2-18 u> 


0-27-3-0 2 
0-17-4-3 ■< 


Not found." 


0-019-0-50 J2. 14 
0-17-0-70 12‘ 

0-7-11-0 " 

3-39 12- " 
2-6-17-0 >2- " 
<5; 15 12-18 


Effect of heat. 


]-Stable.24 

jstable .20 

Unstable on evapora- 
tion.2i 

Probably unstable on 
evaporation.2i 

10-20% loss on pas- 
teurisation 9 ; 30- 

40% loss on sterili- 
sation ; 10% loss on 
spray drying.23 

Stable.9 

20-30% loss on ‘‘holder’ 
pasteurisation ; very 
little loss on “ H.T. 
S.T.” pasteurisa- 
tion 19 ; 50% loss on 
sterilisation ; 20% 

on drying.22 


1 Booher and Marsh, Tech. BuU. U.S. Dept. Agric. 
No. 802, 1941. 

2 Pixsen and Roscoe, Nutr. Abs. 1940, 9, 795. 

3 Dombush et al., J. Amer. Med. Assoc. 1940, 114, 
27S 

4 Morton et al., J.S.C.I., 1941, 60, 310T. 

5 Wilkinson, Analyst, 1939, 64, 17. 

8 Morgan and Pritchard, ibid. 1937, 62, 354. 

^ Mason and Bryan, J. Nutrition, 1940, 20, 501. 

8 Buruiana, Compt, rend. 1940, 210, 721 ; J. Dairy 

Ppc 994. 

9 B:ousion’et al., J. Dairy Res. 1940, 11, 145. 

10 Hand and Sharp, J. Dairy Sci. 1939, 22, 779. 

11 Neuweiler, Z. Vitaminforsch. 1939, 9, 338. 


12 Various authors, Univ. Texas Publ. 1942, No. 
4187, 112. 

13 McElroy and Goss, J. Nutrition, 1940, 20, 641. 

14 Bacharach, Nutr. Abs. 1941, 10, 459. 

13 Dampen et al., J. Nutrition, 1942, 23, 11. 

18 Strong el al., Ind, Eng. Chem. [Anal.] 1941, 13, 566. 
12 WooUey, J. Biol. Chem. 1941, 140, 453. 

18 Williams, J. Amer. Med. Assoc. 1942, 119, 1. 

19 Woessner et al., J. Dairy Sci. 1940, 23, 1131. 

20 Weckel, ibid. 1941, 24, 445. 

21 Anderson et al., Proe. Soc. Exp. Biol. Med, 1939, 
42, 760. 

22 Houston et al., J. Dairy Res. 1940, 11, 67. 

23 Henry et al., ibid. 1939, 10, 272. 


to the fatty phase, the proportion present in the 
fat varying httle with the breed of the cow, but 
it is considerably affected by the feed, e.g., it I 
can be increased by feeding a diet rich in carotene 
or vitamin- A. 

The -vitamin-D content of mfik may be in- 
creased by irradiation (when -yitamins-A and 
-0 are largely destroyed) or by feeding the cows 
with a ration rich in vitamin-D, e.g., containing 
irradiated yeast. 

Vitamin-Dj (aneurin) is confined to the 
aqueous phase of milk, the content varying little 
with season, breed, or feed of the cow. 

Vitamin-Dj (ribofla-yin) shows some seasonal 
variation in milk, and although very stable to 
heat is rapidly destroyed when milk is exposed 
to light [e.g., 40% of the -vitamin-Da activity is 
lost -when milk in glass milk-bottles is exposed 
for 1 hom- to sunlight (Peterson et al., J. Amer. 


Chem. Soc. 1944, 66, 662)]. Little is known 
regarding the vitamin-Bg complex, but there is 
evidence that pantothenic acid, pyridoxine, and 
biotin are synthesised by the cow (mostly in the 
rumen), as also is -yitamin-Bj^ (Wegner et al., 
Proc. Soc. Exp. Biol. Med. 1940, 45, 769 ; 1941, 
47, 90). 

ilfik is a poor source of vitamin-B (ascorbic 
acid), and the amoimt present is independent of 
the feed of the cow. As vitamin-B is easily 
destroyed by oxygen, light, and heat, especially 
in the presence of metals, particularly copper, 
losses on processing mfik are rather large unless 
special precautions are taken, such as de-aeration 
and avoidance of contamination by metals. 
Pasteurisation by the H.T.S.T. process (v. 
p. 113c) is claimed to cause less vitamin-B 
destruction than the “ holder ” process (Woess- 
ner et al., J. Diary Sci. 1940, 23, 1131). 
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10. Baoteeioloqy of JIilk. 

The bacterial flora of mUk may be subdivided 
in the following manner : 

(а) Flora of Milk from Coios with Normal 
Udders, i.e., organisms present in milk drawn 
from health}' cows under aseptic conditions. 
These organisms probably originate from 
external sources and multiply in the teat canals 
between millungs, with the result that they are 
found chiefly in the fore-milk. The number of 
such organisms is not large, but it increases 
rapidly at slightly elevated temperatures. These 
bacteria are mostly micro-cocci which havo little 
obvious action on milk. Of the other organisms 
present some produce alkali {Bad. alcaligcncs), 
while others produce acid and peptoniso the milk. 
The presence of Sir. liquefacicns, Sir. Ihcrmo- 
pliilm (Orla-Jcnscn, “ Dairj’ Bacteriology,” 
London, 1931, p. 09), and staphylococci (G. S. 
Wilson, “ Bacteriological Grading of Milk,” 
H.M.S.O., 1935) has been reported. 

(б) Flora of Milk from Diseased Cows. — The 
most important organisms arc streptococci (in- 
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eluding Sir. agaladire or mastilidis), Brucella 
abortus, and Mycobadcrium lubcrculosis. 

(c) Flora inlroduccd inlo Milk during Milking. 
— These organisms include B. coli, B. wrogcncs, 
Proteus, Pseudomonas, butyric bacilli from dung, 
lactic acid bacteria from water used for washing 
pails, etc., and moulds and yeasts from bedding 
materials in the stalls. Som’o of these organisms 
arc thcrmoduric. 

(d) Pathogenic Flora derived from Human 
Sources (the Milker). — ^Theso originate from in- 
fected persons and carriers, and include strepto- 
cocci, Salmonella (t>-pJio>fl-P'i>‘f*fyP^ioid) group 
organisms, Cortjncbaderium diphtheriw, and 
Mycobacterium tuberculosis. 

The present system of distribution of bulked 
milk results in widespread outbreaks of diHc.aso 
should an}' contaminated milk Ikj included. An 
anah'sis of such epidemic outbreaks is given in 
Table XllI, showing the figures of Wilson 
(Lancet, 193.3, ii, 829) covering outbreaks in 
Great Britain from 1912 to 1931, and tho«c of 
Aniistrong and I’arran (quoted by W. W. G. 
Topic}- and G. S. Wilson, “ Principles of Baeteri- 


Taiile XIII. — Mn.K-iionN ErniKMics. 




Wilson. 

.\riii«troiu;niul rarrati. 


Disease. 

Organlsnis 

responsible. 

Total 

XumlM'r 

Total 

Xuinber 

Death'*. 


munber of 

of 

munber of 

of 




out- 


out- 





breahs. 

nifreted. 

breaks. 

.aircctcd. 


Scarlet fever . . 

Ilrcmolj-tlc strcptoeoccl'l 
(especInU>j^j/o?f«M). ^ 



f 40 

3,030 

20 

Septic sore throat . 

31 

3,0S7 

{ « 

21,015 

130 

Diphtheria . . . 

C. diphlhcriw 

13 

732 

20 

071 

f 

Tj-phold fever . . 

n.lyplmwn *"1 

I!, paratyphosum A and 11 > 
11. shiyce or Jte^ncri J 



r 47P 

14,0CS 

210 

Paratj-phold fever . 

25 

1,843 


434 

15 

Dysentery . . . 



1 0 

02 

5 

Gastroenteritis 

H. enteritidis and .Staph. 

12 

3,750 


— 

— 


aureus. 







ology and Immunity,” 2nd cd., London, 1930, 
p. 1699) on outbreaks in the U.S.A. from 1900 
to 1926. The numbers of people affected, 
shown in this Table, are probably under- 
estimated ; sporadic outbreaks aro not included, 
nor are cases of bovine tuberculosis or undulant 
fever (duo to Brucella melilensis or abortus). 
Further analyses of American epidemics (during 
1923-37) are given by Merchant (J, hlilk, Tech. 
1939, 2, 110) and by Crumbino (Reports to 
Conference of State and Provincial Health 
Authorities of North America 1932 and 1933 ; 
TOm associates of L. A. Rogers’ “ Fundamentals 
of Dairy Science,” New York, 1936, p, 300). 

Procedimes adopted for bacteriological control 
of mUk include the elimination of unhealthy 
cows, milking under strictly sanitary conditions 
by persons free from disease, adequate cooling 
ot the milk after drawing, and efficient pasteuri- 
sation (v. p.ll36), followed by filling into sterile 
contamers. 


Tuberculin - tested, Accredited, a 
Milk. — ^By the provisions of t 
moo Designations) Order, 1936 a 

standards were prescribed (Table XI 
or these special milks, special licences bei 
reqmred for their production and sale. 


Bacteriological Testing of Milk. — The 
methods applied to milk are direct microscopical 
count, plate count, coliform count, Breed- 
smear test, and Jlcthylcno Blue (or, moro 
recently, Rcsar.urin) reduction. Wilson and his 
associates (" Bacteriological Grading of .Milk,” 
II.M.S.O., 1935) made a critical study of the 
aiqiHcability of most of these methods and con- 
cluded that for rapid tests the Breed-smear 
method and the Methylene Blue reduction 
method wore the most satisfactory [the latter 
method was officially adopted for testing milk 
samples under the Milk (.Special Designations) 
Order, 1936—11]. hloro recently the Resazurin 
tost has been advocated in preference to the 
Methylene Blue test, ns it gives results much 
more rapidly and is therefore of greater value for 
tho grading of milk {see J. G. Davis and .S. T. 
Rowland, ” Food Industries Jlanunl,” L. L. 
Hill, London, 1943, p. 226, for a descrijition of 
this method). 

11. “ Off ” Flavours of Jln.K. 

Theso flavours, which aro described in tho 
literature by n multiplicity of tonus, may bo 
divided into three main classes according to tho 
cause of their development. 
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Ti-rt.t xrr. — G rades of Milk. 


Grade of milk. 

ConditioDS of prodcctloii. 

Bacteriolo^cal standard. 

Eemarks. 

Tuberculin -tested 

(T.T.). 

An herds to be kept 
separate and each 
animal submitted to a 
tuberculin test and to 
veterinary examination 
at intervals of not more 
than C months. 

Must not reduce Methy- 
lene Blue in 44 hours 
in May-October or 54 
hours in Sovember- 
April. 2»o coli in 0 01 
ml. (see Xote 1). 

If bottled where pro- 
duced caBed “ T.T. 
(Certified).” 

Tuberculin -tested 
Pasteurised (T.T. 

pasteurised). 

Ditto. 

Xot more than 30,000 
bacteria per mL (see 
X’otes 1 and 2). 


.Accredited. 

Each animal in the herd 
to be submitted to 
veterinary examination 
every 3 months ; herds 
to be kept separate. 

As T.T. {alore). 

If bottled uhere pro- 
duced called '■ Ac- 
credited (Farm Bot- 
tled).” 

Pastenrised. 

Held for at least 30 mins, 
at 145-150 'f. and then 
immediately cooled to 
Sa'F. (see A'ote 3). The 
milk must not be so 
heated more than once. 

Xot more than 100,000 
bacteria per ml. (see 
Notes 1 and 2). 

Indicating and recording 
thermometers to be 
provided in plant vrhich 
must be approved by 
the local authority. 


Sou 1. — ^As tKted by the method specified in “ Bacteriological Tests for Graded IGIk ’’ (Memo. 139, HM.S.O., 

^^Soie 2 . — ^Pastemised milt- most also pass the Phosphatase and Methylene Bine tests carried ont as described 
in the Heat-treated MBk (Prescribed Tests) Order, 1944. 

Vote 3. — As a provisional measure (1941) pasteurisation may also be effected by the " High Temperature, 
Short Time ” (H.T.S.T.) process, in which milk is held for at least 15 seconds at a temperature of not less than 
162’r. and then immediately cooled to 55°r. In this case the plant must be thermostatically controlled and be 
provided with a device to divert automatically any insuEciently heated mil it . 


(0) Foreign Flavours from Natural 
Sources present in the &eshly drawn milk may 
originate from the feed of the cow or the environ- 
ment during millrin g. Chamomile, mint, thyme, 
garlic, and clover, when ingested by the cow, 
have all been claimed to give their characteristic 
flavour to the mflk (Leitch, Scot. J. Agric. 1932, 
15, 167, 314), whUe the feeding of sugar-beet tops 
leads to a &hy flavour due to trimethylamine 
oside derived from betaine present in the 
feeding-stuff (Trout, 36th Ann. Conv. Intern. 
Assoc, of Milk Dealers, Lab. Sect., 1937, p. 131 ; 
J. Dairy ScL 1938, 21, Abstr., 256). A salt 
flavour is evident in milk drawn late in the 
lactation period when the sodium chloride con- 
tent is high, and also in milk drawn from cows 
with inflamed nddeTS. 

(6) Flavours v/hich Develop during 
Storage. 

(1) “ Oxidised ” flavour is the term which now 
generally supersedes such terms as “ card- 
board,” “ metallic ” flavour, etc., as it has been 
radicated that the effect is the result of oxida- 
tion. This flavour (which is normally confined 
to winter milk of low bacterial count) develops 
over a period of 1-3 days during storage at low 
temperature (3°c.). It appears only in certain 
milks and of these there are two types in which 
the flavour develops either spontaneously, or 
only when the process is catalysed by certain 
metallic ions, e.g., copper and ferric iron. In- 
vestigations of recent years indicate that when 
the undesirable flavour develops it is the phos- 
phatide fraction of the adsorbed layer on the fat 
globules which becomes oxidised, as evidenced 
by a reduction in iodine number (Swanson and 
Sommer, J. Dairy Sci. 1940, 23, 201). The 
mechanism of the oxidation is not at present 


known, but Olson and Brown (ibid. 1942, 25, 
721, 1027) suggest that, in the case of the 
development of copper-catalysed flavour, phos- 
phatides are oxidised by hydrogen peroxide, 
which has been shown to be formed by a reaction 
between ascorbic acid (or glutathione) and 
copper ions in presence of oxygen (Barron et al., 
J. BioL Chem. 1935, 112, 625). 

As might be expected there is a general, 
although not invariable, parallelism between the 
susceptibflity to produce the oxidised flavour 
and the E}, of the milk. De-aeration, bacterial 
growth which removes oxygen, or addition of 
anti-oxidants, e.g., ascorbic acid, carotene, or 
vitamin3-.i4 and -E, all minimise or prevent the 
flavour development in milk (Gnthrie, Hand, and 
Sharp, Milk Plant Month. 1939, 28, Ko. 4, 26), 
as do appropriate additions of grass or hay 
(which contain ascorbic acid, carotene, etc.) to 
the feed of the cow (Brown, Vanlandingham, and 
Weakley, J. Dairy Sci. 1941, 24, 925). Pactoiy 
practices which have some preventative effects 
include de-aeration (Sharp, Hand, and Gnthrie, 
J. Milk. Tech. 1940, 3, 22S ; Assoc. Bull. Int. 
Assoc. Milk Dealers, 1942, 34, 365), pasteuri- 
sation (Martin, Proc. 30th Ann. Conv. Intern. 
Assoc. Milk Dealers, 1937, p. 169 ; J. Dairy Sci. 
1938, 21, Abstr., 255), homogenisation (Tbiurston 
et al., ibid. 1936, 19, 671), and elimination of 
metallic contamination (copper and iron). The 
effect of heat treatment is ascribed to the pro- 
duction of sulphydiyl groups in the milk (see 
under “ cooked ” flavour in section (c) below) 
which lower its Eji while agitation (homo- 
genisation) has been claimed to be partly 
effective through the removal of the phosphatide 
from the surfree of the fet globules to the plasma 
where, being more widely dispersed, it is less 
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readily oxidisnble (according to Tliurston ct ah, 
he.). 

(ii) Rancidity is caused b 3 ' the lij'drolj’sis of the 
butterfat by lipase (see p. 108a) and is different 
from tbe “oxidised” flavour; indeed lipase 
has an antioxidant effect, according to Davies 
(J. Dairy Res. 1932, 3, 25-1). The butj-ric 
flavour which first develops in milk ns a result 
of lipase activity is followed bj’ a “ bitterness,” 
often evident in milk drawn late in the lactation 
period when the lipase content is high (Herring- 
ton and Krukovskj-, J. Dair,v Sci. 1939, 22, 
127). Heat treatment (pasteurisation) of milk 
effectively prevents the development of this 
flavoiu- (sec under “Enzj'incs,” p. lOSn), while 
homogenisation (without pasteurisation) ac- 
centuates it because the wntcr/fat interface, the 
site of tbe enz^vme activity, is therebj’ increased. 

(iii) Off " Flavours oj a Cotmdcrabic Variety, 
including flavours reminiscent of different roots, 
maj’ develop in milk owing to the action of 
various bacteria and jeasts. A bitter flavour 
maj' also result from a peptonising action of 
certain organisms (Orla-Jensen, “ Dair^' Rao- 
teriolog 3 ’,” London, 1931, p. SI). 

(c) Flavours due to Processing Treat- 
ments of milk include the well-known “ cooked ” 
flavour resulting from heat-treatment. This 
flavour has been ascribed to bodies with stil- 
phydryl groups, including h 3 ’drogcn sulphide, 
formed particidarty from the soluble proteins 
and from the protein associated with the fat 
globules (Townley and Gould, J. Dair 3 ' Sci. 
1943, 26, 843, 853). Gould (he.) givc.s the follow- 
ing temperatures above which the flavour 
develops ; 

Momentar 3 ' heating . . . 70-7S°c. 

3-minutc8 holding period . . 74-7G®c. 

30 „ „ ... 70-72"c. 

It is interesting to note that 1 p.p.m. of copper 
raises the critical temperature b 3 ' about G° and 
increases the E\i of the milk (Gebhardt and 
Sommer, J. Dair 3 ’ Sci. 1931, 14, 410; Ind. 
Eng. Chem. [Anal.] 1931, 3, 414). A metallic 
taste in milk, ns distinct from induced “ oxi- 
dised” flavour, may result from contamination 
by various metals, c.g., addition of more than 
2 p.p.m. of copper lactate or more than 20 p.p.m. 
of ferric lactate (JI. Donauer, from T. Jlojonnicr 
and H. C. Tro 3 % “ Technical Control of Dair 3 ’ 
Products,” Chicago, 1932, p. 858). 

12. Peocessino Tekatsients. 

(a) Heat Treatment (Pasteurisation 
and Sterilisation). — ^The object of the heat- 
treatment of milk is to enhance its keeping 
properties and to render it bacteriologically safe. 
Limted heat-treatment (pasteurisation), b 3 ' 
either of the two methods described below, in- 
activates all the pathogenic organisms and the 
majority of other bacterial ty'jics, thereby cx- 
tradmg the life of the milk with little or no 
“ u flavour or nutritive properties. 

Holder _ pasteurisation of milk, officially 
Rritain in 1936, involves heating 
on * . holding at that temporaturo for 

minutes and rapid cooling. Such a pro- 
ure, which must be a batch process, giv’cs a 
bacteriologically satisfactory product. Simplifi- 
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cation of the process by pasteurising in the 
bottle has been urged repeatedly, but there are 
attendant difiicultics and the method has not 
received oflicial sanction. 

“ Flash ” or "High Temperature, Short Time" 
(II.T.S.T.) Pasteurisation requires rapid rai.sing 
of the temperature of the milk to lG2-lG5°r., 
wliieh is maintained for 15-30 seconds and 
followed by rapid cooling. The process is 
carried out in continuous-flow heaters. This 
method of heating milk affects its “ cream 
line ” (the visible ln 3 -cr of cream which forms on 
standing), considered a good_ selling feature. 
Incidentalty. Dahl berg (Xcw York Agric. Exp. 
Sta. Tech. Bull. No. 203, 1932) .stated that to 
pre-serve the cream line, heating conditions must 
not be more severe than heating for 20 seconds at 
IGO®!'. H.T.S.T. pasteurisation has a snmller 
margin of safet 3 - than has the "holder” pro- 
cess, and while it is satisfactory for milk with 
low bacterial count, it is less safe for milk with 
a high count. Milk pasteurised b 3 - the H.T.S.T. 
process was found b 3 ' Hileman rt ah (.T, Dair3‘ 
•Sci. 19(1, 24, 305) to adcld liigher bacterial 
counts on lr 3 'ptonc-gluroso-skim milk near- 
media at 37® than “ holder ” process p.astcurised 
milk, a tiiffcrcncc ascribed 1 ) 3 ’ them to the 
thermoduric bacteria generalK* prt'sent. The 
H.T.S.T. method is ver 3 ’ poptilar in the U.S..\., 
and was oflicialh’ ap])rovcd as a provisional 
mensun> in Britain in 1911 ns an alternative to 
“ holder” pa.steurisation. 

Stcrili.cation of milk is not widety u-cd, n.s the 
product has onty limited acceptance 1 ) 3 * the 
public owing to its " cooked ” flavour. The 
process is normalty e.irried out in narrow- 
necked sealed bottles, which an' heated in 
boiling water for 20-30 minutes. In order to 
nvoitl the formation of cream "plugs” in the 
neck of the bottle, which occurs with ordinar 3 ’ 
milk, homogenised milk is iised. 

The ICffccd of Jlrnt on the. Constiturnt.s of M ilk . — 
The stability of different samples of milk on 
heating differs. Heat preeii)itates protein from 
tho.se in which the salt balance is .such that the 
calcium and magnesium contents aro high and 
the citrate and pliosjihate eontent.s low ; further- 
more, increased neidit 3 ’ (e.g., 0-21% calculated 
ns lactic acid) is also a enntributor 3 ’ factor 
(Sommer and Binne 3 ', ibid. 1923, 6, 170). 

At G0-S0°c. coagulation of laetalbumin and 
Inctoglobulin occurs, but the ea.sein is little 
affected. Rowland (J. Dair 3 ’ Res. 1933-34, 6, 
4G; 19.37, 8, 1) found that the amount of 
laetalbumin and Inctoglobulin denatured de- 
pended on the temperature and time of heating. 
Eurther, in 30 minutes at 03°c. (“holder” 
pasteurisation), 10% of the soluble protein was 
denatured, at 100®o. it was completely denatured 
in 5-10 minutes, while at 115-120°6. there was 
also approciablo hydrolysis of protein. The 
mineral constituents exhibit some change, 
partial precipitation of buffer salts occurring, 
e.g.. Bell (J. Biol, Chem. 1925, 64, 391) found 
losses of soluble calcium and phosphate up to 
9% of the total present, depending on the 
temperature of heating, while Lampitt and 
Bushill (Biochem. J. 1934, 28, 1305) showed 
that losses of 4% of dialysablo calcium arid 
phosphate occur on heating milk for 1 liour at 
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100°c. Tricalcium phosphate is precipitated 
on heating milk, particularly on sterilisation. 

The titratable acidity of milk increases on 
heating (pasteurisation), owing to the change in 
the salt equilibrium. More drastic heatmg 
(sterilisation) also causes a greater increase^ of 
titratable acidity, resulting from decomposition 
of lactose (Whittier and Benton, J. Dairy Sci. 
1927, 10, 126). 

Sterihsation causes the colour oi nmk to 
become yellower, owing to incipient carameli- 
sation of lactose in presence of protein (Ramsey 
ei al., ibid. 1933, 16, 17), but in pasteurised milk 
this effect is scarcely perceptible. Heating also 
causes the development of a characteristic odour, 
due probably to the evolution of ammonia and 
volatile sulphiu' compounds. 

Shin on Milk . — When milk is heated at ca. 
60°c. in an open vessel, a skin gradually forms 
on the surface, owing partly to evaporation of 
water and partly to surface denaturation of the 
protein. The fat which rises to the surface 
during the heating is found in the skin and may 
amount to 20-60% of its dry-solids content 
(W. L. Davies, “ Chemistry of Milk,” London, 
1939, p. 351) ; the skin from homogenised milk 
contains little fat (Winkler, Milch. Ztg. Wien. 
1927, 34, 287 ; Milch. Borsch. 1928, 6, Abstr.,57). 

(6) Honnogenisation. — ^The process of homo- 
genisation of milk is usually carried out in order 
to minimise the formation of a cream layer by 
the separation of fat on standing. It is effected 
by forcing the milk through a fine orifice under 
high pressure (ca. 2,500 lb. per sq. in.), whereby 
the fat globules are sub-divided to a more uni- 
form size of 2/t. or less. Homogenisation is 
usually carried out at pasteurisation tempera- 
ture, at which the effect is optimum (Eahn, 
Milch. Borsch. 1925, 2, 383). The treatment 
increases the amount of protein adsorbed on the 
fat globules, owing to an increased fat/water 
interface at which protein is adsorbed. Wiegner 
(KoUoid-Z. 1914, 15, 105) found increased pro- 
tein adsorption by reduction of average globule 
. size from 2-9 to 0-27/t. by homogenisation. 
Coalescence of the fat globules is largely pre- 
vented in homogenised mUk, and consequently, 
on centrifuging, little fat-separation occurs ; 
homogenised mi l k cannot be churned. The 
foaming tendency and viscosity of raw milk are 
increased by homogenisation, but in the case of 
pasteurised milk they are decreased (Trout el al.. 
Tech. BuU. Mich. Agric. Exp. Sta. 1935, No. 145, 
p. 3 ; Amer. Chem. Abstr. 1935, 29, 5526). 

(c) Irradiation. — The fortification of milk 
with respect to its vitamin-D content to produce 
antirachitic milk has been much studied in 
America, where such milk is manufactured in 
quantity. The milk is exposed to ultra-violet 
light for a short time (15 seconds) in a thin film 
to ensure good penetration of the light; long 
exposure, especially in presence of oxygen, 
causes the development of imdesirable flavour. 
Maximum vitamin-D (1-6 1.U. per g.) is obtained 
with an ultra-violet light-energy input of 300 
joules per g. of milk (Beck et al., Ind. Eng. 
Chem. 1938, 30, 632 ; O’Brien et al., ibid., p. 839). 
Irradiation also has a bactericidal action, but 
complete sterilisation of mUk cannot be effected 
even after several minutes’ exposure, owing to 


absorption of light by the proteins present 
(Ayers and Johnson, Zentr. Bakt. 1914, II, 40, 
109). 

(d) Concentration. — ^In order to improve 
the keeping properties of milk much more than 
is possible by pasteurisation, without impairing 
the flavour to the extent that occurs on sterilisa- 
tion, milk is concentrated at 130-145'’p. under 
reduced pressure. The concentrated itulk, with 
or without added sugar, is usually known as 
“ condensed ” or “ evaporated ” rmlk, respec- 
tively. The composition of these products is 
specified in the Public Health (Condensed Milk) 
Regulations, 1923 ; the “ fuU-cream ” products 
must contain not less than 9% of fat and not 
less than 26% of milk solids including fat (not 
less than 7-8% of fat and not less than 25'5% of 
milk solids including fat, accordmg^to war-time 
regulations, 1940); condensed skimmed milk 
must contain not less than 26% and evaporated 
skimmed milk not less than 20% of milk solids, 
including fat. The sweetened products usually 
contain ca. 40% of sucrose. 

To obtain satisfactory products it is essential 
to use milk of high quality from healthy cows 
and having low bacterial counts. Bor the final 
products to conform to legal requirements the 
original milk is analysed, and if necessary 
standardised, with respect to fat and total- 
solids contents. 

Condensed Milk. — ^The process entails the 
following stages : 

(i) Forewarming, in which the milk is heated 
at 200-250'’!'. for a short while. If this process 
is carried out at ffOO®!. the final product tends 
to thicken on storage, but above 212 °f. this is 
minimised. This not only effects sterilisation of 
the mUk and removes carbon dioxide, but also 
minimises foaming later, and facilitates solution 
of sucrose added subsequently. 

(ii) Addition of sucrose, usually 17-18 lb. 
per 100 lb. of mQk. 

(iii) Concentration in a vacuum pan at 130- 
145”!. with a vacuum of 24-27 in. of mercmy. 
The conclusion of this stage is determined by a 
sp.gr. determination, 

(iv) Rapid cooling to ensure that the lactose 
crystals which form are small, so giving a product 
with smooth texture. 

(v) Packing into cans. 

Evaporated Milk. — ^The stages of manufacture 
are as follows : 

(i) Borewarming at 200°!'. for 5-10 minutes. 
In addition to the advantages noted above, this 
stage is of importance because it raises the heat- 
coagulation temperature in the final sterilisation 
stage. 

(ii) Concentration (as with condensed milk, 
see above). 

(iii) Superheating in the vacuum pan to 180— 
190°f. in order to increase the "viscoaity by 
coagulating part of the lactalbumin, and to 
prevent fat separation (this stage is not always 
carried out). 

(iv) Homogenisation, to prevent fat separa- 
tion on storage. 

(v) Biffing into cans. 

(vi) Sterilisation, usually at 243°F. for 15 
minutes, followed by rapid cooling to 75'’!. 
Sterilisation causes some caramelisation of 
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lactose, with consequent darkening of the colour 
of the product. 

(c) Separation. — The fat globules of milk, 
with their adsorbed layer [Section 3 (a)], rise to 
the surface of the millc on standing (grayit 5 ’ 
creaming), the larger globules rising more rapidly’ 
than the smaller ones. A computation of tho 
rate of rise of the fat globules in milk has been 
made (Richmond, op. cit., p. 143), but it takes 
no cognisance of tho aggregation of tho globules 
(clumping) which is kno^vn to occur, particularly 
at low temperature. This aggregation is at a 
minimum at G3-76°0. (creaming i)owcr is 
partially lost on pasteurisation) and maximum 
at 7-S°c. (Weinlig, Forsch. Gcb. Milchw. 
Molkerei, 1922, 2, 127, 175; Amcr. Cbcm. 
Abstr. 1923, 17, 1675; Eabn, Milch. Forsch. 
1925, 2, 383). Other factors aficcting fat clump- 
ing include the fat content of tho milk, the fat- 
globule size and the properties of tho aqueous 
phase (see “ Cliuniing of Cream,” below). 

The preparation of cream by gravity creaming 
of milk is slow and inefficient, as an appreciable 
proportion of the fat remains in the lower layer. 
The recovery of practicallj’ tho whole of tho fat 
as cream is effected by submitting milk, warmed 
to 29-30°c., to a centrifugal force of ca. 1,000 g. 
Rahn (l.c.) stated that of tho fat globules present 
in mfik, all those above 3p. in diameter and 
most of those 2-3p. in diameter are found in the 
cream on mechanical separation. 


13. CHEAM. 

The Food and Drugs Act, 1938, defines 
cream as “ that part of milk rich in fat which 
has been separated by skimming or otherwise.” 
Modem centrifugal separators can bo adjusted 
to yield cream with fat content ranging from 
10 to 65%, the normal range being 45-55%, 
wMle, for canning, cream is usually prepared 
with 20-30% of fat. Tho non-fatty phase of 
cream is essentially tho same in composition ns 
that of tho original milk. 

The viscosity of cream depends on tho size of 
the fat globules, and to a less extent on the fat 
content. Tho normal laws of viscosity do not 
hold, the consistency being that of a ifiastic 
substance rather than that of a liquid. 

Homogenisation of cream is usually effected 
in two stages. The first stage, at a high pressure 
(up to 5,000 lb. per sq. in.), reduces considerably 
the size and increases tho number of tho fat 
globules, but at the same time tho cream becomes 
a thick plastic mass. The second stage, at a 
low pressure (up to 1,000 lb. per sq. in.) reduces 
the viscosity of the product. 

Artificial thickening of cream was formerly 
efiected by addition of such substances ns 
gdatm, agar, and viscogen (calcium saccharatc), 
^ whipping properties of cream, 

out the practice is now prohibited by tho 
^ Foods Regulations, 1927. 

Wiupping aerates cream to a stable form of 
ceU-hke structure, to which, it is believed, 
denatmed protem at the air-liquid interface 
contributes some of the stability. Tho ease of 
pping and rate of aeration are greater in 
cream with large fat-globules and with high fat- 

j clumping of the globules 

has occurred, e.g., on holding at a temperature 


of c<i. 40°r. when tho fat is in a semi-solid con- 
dition. The degree of aeration on whipping 
cream is limited by- the presence of cane sugar, 
by pasteurisation, and by homogenisation. 
Continued whipping of cream cnu.scs an increase 
in volume up to a maximum, followed by n 
reduction in volume when coalc.scenco of tho fat 
globules occurs and butter separates. 

Churning of Cream. — When cream is 
agitated (churned), aggregation of fat globules 
and increase in the size of the fat clumps occur, 
followed by breaking of tho emulsion. Tlie 
plastic mass of fat (butter) is an emulsion in 
which fat is tho continuous jilmsc, containing 
dispersed globules of water and air, stabilised 
by' hydrated protein. Tho case of chuniing and 
tho yield of butter arc influenced by several 
factors, such as temperature (usually 13-lS'’c.). 
acidity, and fat content of the cream (fat content 
usually 30-33%), and also size and extent of 
clumping of tho fat globules. Churning is 
fnciliiated by slightly inert'ased acidity, but if 
tho acidity is too high, casein is precipitated in 
the form of clots in tho butter. 

Two theories have been propounded to explain 
the formation of butter on churning cream : 

(а) the foam theory (Rahn, Kolloid-Z. 1922, 

80, 341), according to which a foam is 
first produced containing fat globtilc.s 
in tho aqueous phase; the foam then 
collapses, when the fat separates ns a 
plastic mass in which water is occluded ; 

(б) the phase-inversion theory (Fischer and 

Hooker, "Fats and Fatty Degenera- 
tion,” Now York, 1917, p. 93; quoted 
by W. L. Davies, " Chemistry of .Milk," 
London, 1939, p. 273) which postulates 
the conversion of a fut-in-watcr emul- 
sion (cream) to a water-in-fat emulsion 
(butter), protein being tho .stabiliser in 
both cmul.sions. During churning tho 
fat globulc.s coalesco, thereby de- 
creasing the area of the wntor/fat inter- 
face, and when this reaches a critical 
' value tho emulsion breaks. 

Tho ” feathering ” of cream, which occurs on 
adding it to hot coffee, is largely an acidity 
effect; tho acidity' may bo that of tho cream 
itself (Webb and Holm, J. Dairy iSei. 1928, 11, 
243) or that of tho coffee. The effect is more 
evident when tho eoflco is too concentrated or 
has been too long infused, and when tho cream 
is added too alowly or in only small amount 
(Whittaker, ibid. 1931, 14, 177). Fresh un- 
homogenised cream is stated not to “ feather,” 
while homogenisation or addition of 0'1% of 
sodium bicarbonate or phosphate to tho cream 
reduces tho tendency (Doan, Creamery' and 
Milk Plant Month. 1931, 20, No. 1, 33). 

Clotted Cream is prepared by allowing cream 
to rise to tho surface of milk and then gradually' 
heating to 180-190 °f. and cooling slowly'; tho 
clotted cream layer is then removed. The ratio 
of non-fatty solids to water in clotted cream is 
much higher than that in ordinary- cream and 
milk, owing to loss of water by evaporation, 
whilo the ratio of ash to non-fatty solids is somo- 
what reduced, owing presumably to deposition of 
certain of the salts (calcium) during tho heating. 
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Artificial Cream (better known as “recon- 
stituted ” cream) is defined in the Food and 
Drugs Act, 1938, as an “ article of food resem- 
bling cream and containing no ingredient which 
is not derived from milk except water.” The 
differentiation of such a product from fresh 
cream is difficult ; Richardson (Analyst, 1928, 
53, 334; 1933, 58, 686) suggested two tests 
which may be applied. 

Synthetic Cream is an emulsion prepared 
from a solution of the non-fatty solids of milk 
(skimmed milk) and a fat other than butterfat. 

14. Sepaeated Milk. 

The fat content of mfik separated by centri- 
fugal methods is usually 0'05-0-3%, but it will 
exceed this when the cream is removed by non- 
mechanical means. The non-fatty solids con- 
tent is higher than that of the whole milk from 
which it is prepared, dependent upon the amount 
of fat removed ; the Food and Drugs Act, 1938, 
specifies that separated milk shall have not less 
than 8-7% of non-fatty solids. Separated milk, 
which may be regarded as a by-product from the 
manufacture of cream from whole milk, is a 
relatively cheap commodity utilised for a wide 
variety of manufacturing purposes, including 
the manufacture of dried separated mfik and 
skimmed-mfik cheese. 

16. Fbkmbnted Milks. 

These are prepared in various countries by the 
action of micro-organisms on milks from different 
species (for historical survey, see Corminboeuf, 
Soi. Agric. 1933, 13, 466, 696). The better 
known are the following : 

(a) YogTiourt, the product of the action of 
lactic acid bacteria, especially L. bulgaricus and 
Sir. thermophilus (Damm, Apoth.-Ztg. 1929, 44, 
1127 ; Amer. Chem. Abstr. 1930, 24, 201), on 
pasteurised or partly evaporated cows’ milk, or 
sometimes sheep’s or buffaloes’ milk. Rosell 
(Canad. Publ. Health J. 1933, 24, 344) recom- 
mends incubation with the organisms at 45-48'’c. 
for 23-36 hours, when the lactic acid content 
may rise to 3-5%. 

(b) Kefir (sometimes known as “ champagne 
milk ”), prepared by the action on cows’ milk 
of kefir grains, which contain torula yeast and 
bacteria including Sir. lactis (Damm, Z.c.). It is 
usually made in closed vessels and effervesces 
when these are opened. The alcohol content is 
about 1-2%. 

(c) Koumiss, derived from unpasteurised 
mares’ milk by the action of L. bulgaricus, B. 
lactis acidi, and a lactose-fermenting torula 
(Belokopytowa and Liick-Smirnowa, Zentr. 
Bakt. 1929, II, 79, 186). 

16. Milk of Mammals other than the Cow. 

The number of recorded analyses of certain of 
the different milks is strictly limited, and in all 
cases the composition is probably affected by the 
factors already mentioned in Section 5. The 
figures given in Table XV cannot necessarily be 
regarded as satisfactory averages, as is the case 
for those of cows’ milk (from Table 11) inserted 
for comparison. The milks from different 
species of mammals differ in their behaviour on 
treatment with rennet, those from cow, ewe. 


buffalo, and goat giving hard curds, whereas 
those from woman, ass, and mare give no curd, 
or a very soft curd (Richmond, op. cit., p. 63). 

All these different types of mfik contain fat 
dispersed as fine globules, sugar, protein, and 
mineral matter (including calcium, phosphate, 
and chloride), but the proportions of the various 
constituents differ. Furthermore, there are 
some differences in the composition of certain 
of the constituents, e.g., the amoimts of volatile 
acids in the fat vary (they are much lower in 
the fat from human milk than in that from cows’ 
milk), while some doubt has been expressed 
whether all the sugar in human milk is lactose 
(see Section 3 (b) (iv)). 

17. Analysis of Milk. 

Working details of the various analytical 
methods are not appropriate to this article (they 
may be found in Richmond, op. cit., pp. 239 
et seq.) ; an outline only is given here of the 
principles of the methods, together with relevant 
references. Apart from the bacteriological 
examination (Section 10), the routine analysis 
of milk usually involves determination of specific 
gravity, acidity, and fat and total-solids con- 
tents. 

(a) Dirt Content. — The term “ dirt ” is 
appUed to extraneous particles found in mfik. 
They, include epithelial, pus, and blood cells, 
leucocytes, particles of dung, hay, straw, veget- 
able matter, dust, hairs, and fibres. Most of 
the bacteria in milk should also be included 
under the general term “ dirt,” but they are 
not determined by the methods of analysis 
usually employed. The method advocated by 
the Society of Public Analysts and other 
Analytical Chemists (Analyst, 1937, 62, 287) 
involves separation of the dirt by sedimen- 
tation in a special container for 72 hours, 
with occasional stirring (preservative is added 
to the milk), followed by washing of the sedi- 
ment with ammonia and water and measure- 
ment of its volume after centrifuging in a 
graduated centrifuge tube. The suggested 
limits (ibid., p. 301) are 1 part by volume of 
sediment per 100,000 for clean milk, with an 
upper limit of 2 parts per 100,000, although it 
must be borne in mind that mfik with less than 
this amoimt of dirt is not necessarily clean, as 
no account is taken of bacterial content. 

(b) Specific Gravity is usually determined 
by means of a lactometer, which is a hydro- 
meter calibrated to indicate the sp.gr. at 60 °f. 
Tables enable the reading to be corrected when 
the temperature differs from 60 °f. 

(c) Fat Content. — ^In order to facilitate the 
separation of the fat from milk prior to its 
determination, the protein is usually first 
brought into solution by either (i) acid treat- 
ment, sulphuric acid being used in the Gerber, 
Babcock, and Leffmann-Beam methods, and 
hydrochloric acid in the Werner-Schmidt 
method, or (ii) addition of ammonia, as in the 
Rose-Gottlieb method. The amount of fat 
separated is then determined, either by measure- 
ment of its volume, as in the three first-named 
methods, or by weighing, after solvent extrac- 
tion, as in the other two methods. The Rose- 
Gottlieb method is advocated by the Milk Pro- 
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Table XV.— Combosttion or JIammaltak IMilks. 


Species. 

No. of 
samples. 

Total 

solid.s, 

0* 

rnt. 

O' 

/o« 

Sugar 

(lactose), 

o> 

/O* 

Casein, 

O' 

/O* 

Other 

iirotcln, 

%. . 

ApIi, 

%• 

References. 

- 

Mare . . 

lot 

5'33- 

lS-74 

0-09- 

7-88 

1-05- 

8-78 

, ^ 

0-5.5- 

7-00 

0-2.3- 

0-05 

Linton. .1. Agrle, Scl. 1931, 

21, 009. 


(av. 

10-00 

1-.59 

1-50 

0-14 

0-40 

O 

09 

10 

0-.51) 

0-30 

riclschinnnti - Welgmnnn, 

Ass . . 


10-3 


J,elirl>ucli (ler .Milchwirt- 
sch.-ift." Carey, 1932. 
p. 147.* 

XV. L. D.avic.s. " Clieinhlry of 
.Milk,” Londoii, 1939. n. 7. 





Mule . 

— 

S-50 

1-59 

4 - SO 

5- 38 

4 -HO 

I'Ol 

0-33j. 

Zebra 

Camel 

— 

12-39 

3-20 

<1 

98 

0-70 

Barthe, .1. I’lianti. Chlni. 
1905, (vll, 21, 380. 

llama 

— 

13-45 

3-15 

5-00 

3-00 
/ 

0-.8f) 

Kirhmbnil, op. cit., ji. 79. 

Goat . • 

33.5 

individual 

0-12- 

21-001 

1-90- 

9-80 

3*50- 

5*or» 

2-.30 

-0-0,8 

0-00- 

1-20 

Lvthg<K', .1. li.-ilry Sri. 1010, 
23, 1097. 

American 

animals 

13-07 

1-09 

5-74 

4-21 

0-5 1 

0 90 

Shiilt, Aimly.M, 1932. 57 
451, 

OluiMi and l).-»tta Jtoy.lndinii 
Med. Gar. 1911,70, 279. 

BulTnlo 

Indian 

Buifalo 

231 

— 

2-0- 

12-0 

4-0-5-:! 


J 


Egyptian 

Buffalo 

01 

17-91 

7-90 

4-80 

4riO 

(1 7.S 

I’appel attd Hogan, Paid. 
No. 4, Hvgleriejn'l. Egypt 








Dept. Pub. llc.-rlth. H'M.* 

Eeindccr 

— 

30-70 

23-10 

2-.50 

10-30 

1-14 

Barthel and Bergman, 

N'alir- 11 . 1913, 










Ewe . . 

— 

10 -S8 

7-91 

3-74 

0-83 

0-93 

flndtirn and Buddy, J. Dairy 
1935, C. 307. 

Cat . . 

3 



4-49- 

4-71- 

3-09- 

3-n- 

000 

Davies, op. cit., p. 7. 



4-93 

4-50 

3*70 

3*30 
✓ 



Bitch 


2-1-54 

9-57 

3-09 

11-15 

0-73 

Uleluuond, op. cit., p, 70, 

Riibbit . 

— 

30.50 

10-45 

1-95 

1.5-51 

2-50 

Uleltiiumil, op. eit„ p. <9. 

Guinea pip 
"Rnt. . . 

O 

31-70 

7-13 

14-80 

2-10 

2-80 

4-70 

9-2 

()-55 

2-0 

Davies, op. cit., p. #. 

Davies, op. cit., ji. 7. 

t3xen 

15 

lS-07 

0-30 

4-50 

0-25 

0-90 

Young and firnnt, J. Biol. 






('hem. 1931, 93, .805. 

Porpoise . 


58-89 

48-50 

1-33 

n-19 

0-.5H 

lUrbmond, op. rit., p. 79. 

Whale 


51-33 

43-07 



— 

0-10 

Bleluuond, op. cit., p. >9, 

Sow . . 

4 


0-32- 

3-10- 

3-20- 

1-45- 

1-0 

Jlavk-s, op. ci7., p. 7. 



9-54 

4-44 

3-70 1*05 

V J 



Elephant 


32-15 

19-57 

8-81 

* 'V 

3-00 

0-05 

BIchnumd, op. cit., p. 70. 

Ape . . 

— 

11-47 

3-50 

0-02 

lor. 

0*10 

J 

0-24 

Bleluuond, op. cit., ji. OS. 

Woman . 

1,154 

12-57 

3-75 

0-9S 


1-03 

0-21 

Oanlner and Fox, Fractl- 






t loner. 192,5, 114. 1.53. 

Cow . . 


12-09 

3-07 

4-78 

2-80 

0-50 

0-73 

Table II. 


* Taken from Associates of L. A. ItoRer's “ Fundamentals of Dalrj' Science," Xcw York, 1035, p. 17. 


ducts Sub-Committeo of the Society of Public 
Analysts and other Anatytical Clicmists [tbid. 
1927, 52, 402), primarily for condensed milk, but 
it is applicable also to fresh milk. 

(d) Total Solids Content. — For most rout ino 
purposes this is calculated from the determined 
sp.gr. and fat content of the milk, there being 
an estabbsbed relationship between the three 
properties (see Section 7 (h), p. lOGc). Determina- 
tion may be effected by weigliing tbo residue 
obtained from a known weight (C g.) of miUc 
after evaporation and drying in an air oven nt 
98-100°c. to constant weight (3 hours). Rofor- 
ence should be made to the methods of the 
Society of Public Analysts and other Annl}d.icnl 
Chemists (ibid. 1927, 62, 402). 

(e) Determination of Added Water.— If 
the non-fatty solids content (a;) of a sample of 
whole milk is less than 8'6%, the presence of 
added water is inferred, the percentage being 
approximately 100(8‘5 — a;)/8'6. As confirma- 
tion, the freezing-point (~Y°o.) of the milk (sec 
Section 7 (1), p. ]07ra) is determined, and if this is 


higher Ilian — 0 r»3° Iho presence of added wafer 
is c.stnblishcd, the percentage being approxi- 
inalely 100(0-6.3— y)/0-r>3. Tho presence of 
added water may also bo determined from the 
refractivo index of tho .serum (see. Section 7 (g), 
p. lOGc), and sometimes detected b}’ the presence 
of nitrates ; nitrate is aksent from milk but may 
on occasions be present in extraneous water 
added to milk. 

(/) Acidity. — ^This is determined by titra- 
tion of tho milk with O-lK. sodium hydroxide 
solution (usually with phonolphtbalcin as 
indicator), and is calculated ns tho percentage of 
lactic acid. Tho acidity of good milk is normally 
0-10-0'19%. Milk with nciditj' greater than 
ca. 0'2G% coagulates on boiling. For determina- 
tion of true lactic-acid content of milk, sec 
Lnmpitt and Bogod, Chim. ct Ind. 1932, 26, 
11th Congr. Chim. Ind., p. 'Ill ; for citric-acid 
content, sec Lnmpitt and Rookc, Anah-st, 1030, 
61, G54. 

(g) Nitrogenous Constituents.— Tho total 
nitrogen content is gonorally determined by 
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Kjeldahl’s method, using a trace of copper sul- 
phate or selenium as catalyst. The nitrogenous 
constituents may be separated and determined 
by Moir’s method modified by Eowland 
(references in Section 3 (ii), p. 1016), the principle 
of the separation being as follorrs : 

(i) casein is precipitated at its isoelectric 

point, pH 4-66-4-75, by using acetic 
acid and sodium acetate buffer ; 

(ii) from the filtrate there are precipitated 

(o) lactalbumin and lactoglobrdin, by 
adjusting the pH to 4-75— 4-80 and 
boiling, and (6) lactoglobulin, by satu- 
ration with magnesium sulphate at 
pH6-8-7-2; 

(iii) proteose-peptone is precipitated by addi- 

tion of trichloroacetic acid to a concen- 
tration of 8% in the filtrate (F) 
obtained after removal of casein and 
lactalbumin-hlactoglobulin (effected by 
heating the milk to 95°c. to coagulate 
lactalbumin and lactoglobuhn, and 
then precipitating casein by adjust- 
ment of the pH to 4-7 ) ; 

(iv) non-protein nitrogen is determined in 

filtrate (F), or on the serum obtained 
by adding trichloroacetic acid to a con- 
centration of 12% at room temperature 
and filtering. 

In all the above cases, the protein precipitated 
is calculated from the nitrogen content (x6-38) 
of the solution before and after precipitation. 
While the use of the factor 6-38 is correct for 
casein, it is a little low for the other milk pro- 
teins [from the analyses of lactalbumin and 
lactoglobulin made by Van Slyke and Bosworth 
(J. Biol. Chem. 1913, 14, 203) the factor for 
these two proteins is calculated to be 6-48]. 
Calculation of the total protein of milk from 
protein nitrogen x 6-38 is reasonably accurate, 
however, as the proportion of casein present is 
relatively large. 

(h) Sugar Content. — ^The reagents most 
suitable for the defecation of milk prior to deter- 
mination of sugars are copper sulphate, zinc 
sulphate and potassium ferrocyanide, and acid 
mercuric nitrate. Rapid and accurate deter- 
mination of lactose in milk (and sucrose in con- 
densed mUk) may be made by the polarimetric 
method advocated by the Society of Public 
Analysts and other Analytical Chemists (Analyst, 
1930, 55, 111). Copper reduction methods, such 
as that of Bertrand, Lane and Eynon, etc., and 
the iodometric method of Macara (ibid. 1924, 
49, 2 ; 1927, 52, 668) are also applicable. In all 
of these methods it is necessary to correct for 
the volume occupied in the defecated solution by 
the milk protein and fat. This correction is 
discussed in the paper on the polarimetric 
method mentioned above. 

(t) Ash Content. — ^To minimise the loss of 
the alkali chlorides during the ashing of milk 
it is necessary to char the milk solids at a low 
temperature after evaporation and then to 
ignite in a muffle at a temperature below red 
heat (550°c.). After the ash has been weighed 
a determination of alkalinity may be made, and 
followed, when required, by determinations of 
calcium, magnesium, phosphorus, sodium, and 


potassium by known methods. For determina- 
tion of calcium and magnesium, recommended 
methods are described in papers by Lampitt and 
Bushill (Biochem. J. 1934, 23, 1305; J.S.C.L 
1937, 56, 411). The possible effect of previous 
neutralisation of milk on its ash content and 
alkalinity of ash should be borne in mind.. 

(J) Phosphorus. — ^The total phosphorus con- 
tent of milk is best determined colorimetricaUy ' 
on the residue obtained after destruction- of the 
organic matter by means of fuming nitric acid, 
or sulphuric acid and hydrogen peroxide. In- 
organic phosphorus is usually determined on the 
trichloroacetic acid serum of the milk , and the 
organic phosphorus calculated as the difference 
between the total and inorganic phosphorus 
contents (Lampitt and Bushill, Biochem. J. 
1933, 27, 711). 

(h) Chloride. — When milk is reduced to an 
ash in the determination of chloride the results 
may be somewhat low on accormt of volatilisa- 
tion. Davies (Analyst, 1932, 57, 79) proposed a 
rapid, aceurate method which obviates this 
difficulty, depending on destruction of the 
organic matter of the milk by treatment with 
concentrated nitric acid and potassium per- 
manganate after fixing the chloride by addition 
of excess silver nitrate. 

(1) Preservatives. — ^The Public Health (Pre- 
servatives, etc., in Food) Regulations, 1925- 
1940, prohibit the addition of any preservative to 
milk or cream. The most popular preservative 
used formerly was boric acid, which may be 
detected by the turmeric paper test, and 
determined by Thomson’s method, modified as 
described in Richmond, op. oil., p. 307, or by the 
Government Laboratory method (Analyst, 1923, 
48, 416), which is more particularly applicable 
to cream. 

Formaldehyde in milk (or cream) may be 
detected by Hehner’s test, i.e., the formation of 
a violet ring at the junction of the milk and a 
layer of concentrated sulphuric acid containing 
a trace of ferric chloride. This is conv.eniently 
carried out during the fat determination by the 
Gerber method. 

Salicylic and benzoic acids may be detected 
by the usual methods after removal of casein 
by calcium chloride and sodium carbonate 
(Revis, ibid. 1912, 37, 346) or by hydrochloric 
acid (Hinks, ibid. 1913, 38, 655). 

Hydrogen peroxide has been used as a pre- 
servative for milk ; addition of less than 0'1% is 
not detectable after 24 horns. Hinks proposed 
an iodometric method for its determination 
(ibid. 1915, 40. 482). 

Hypochlorite is used in sterilising mUk plant, 
and may possibly find its way to the milk, in 
which it may be detected by the method of 
Wright and .^derson (ibid. 1938, 63, 252), based 
on the detection of chlorate, an invariable 
constituent of hypochlorite solutions. 

Nitrate has been reported as a preservative in 
milk (Elsdon and Sutcliffe, ibid. 1913, 38, 450), 
but its presence may be due to added water 
containing nitrates. Qualitatively it may be 
detected colorimetricaUy in a mercuric chloride 
serum of the milk with diphenylamine or brucine 
(Elsdon and Sutcliffe, l.c. ; Lerrigo, ibid. 1930, 
55, 433) or diphenylbenzidine (Monier-Williams, 
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ibid. 1931, 66, 397). Lcrrigo (l.c.) claims that 
the diphenylamino method ■^^^ll detect the 
addition to milk of 6% of water containing 
5 p.p.m. of nitrate nitrogen. 

(m) Colouring Matter. — According to tho 
provisions of the Food and Drugs Act, 1938, no 
colouring matter may ho added to milk ; its 
presence may partly hide n deficiency of fat or 
the presence of extraneous water. Annatto was 
the colour chiefly used (for detection see A.ssocin- 
tion of Official Agricultural Chemists, " ISIethods 
of Analysis,” 6th ed., p. 279), hut sophistication 
of milk with caramel, coal-tar colours, carotene, 
saffron, and turmeric has also heen reported. 

(n) Sour Milk. — ^Tho analysis of sour milk is 
complicated hy two factors : 

(i) Tho presence of clots of protein and fat, 
with the consequent difficulty of obtaining 
representative samples for analj’sis. When such 
samples cannot he obtained after simple whisk- 
ing of the mixture, separate analyses of the 
liquid and solid phases must ho undertaken. 

(ii) Changes which have occurred in tho con- 
stituents, for wluch due allowance must ho made 
in the calctdntion of results. 

The method of analysis usually employed is 
the “ maceration process ’’ described hj’ Thorpe 
(Analyst, 1905, 30, 197), and ly Richmond and 
Miller {ibid. 1900, 31, 317), in which, in addition 
to determination of fat and total solids, deter- 
minations are made of alcohol, volatile acid, and 
ammonia, suitable corrections based on the 
contents of these substances being applied in tho 
calculation of the original total-solids content 
of tho milk. F. J. JIacdonald {ibid. 1914, 69, 
173) suggested an improved procedure, in which 
the water and volatile substances arc separated 
by distillation with heptane, tho fat being 
recovered from tho latter, the alcohol, etc., 
determined on tho aqueous fraction, and the 
residual non-fatty solids weighed. 

J. n. B. 
n. s. R. 

MILK -TREE WAX, cow -tree war, is 
obtained from the latex of a forest tree (Vol. II, 
119a), Brosimum galaclodendron (I'’nni. Moraccro), 
known in Venezuela as j)alo dc vaca. It is used 
in manufacturing candles. G6mez (Anal. Fis. 
Quim. 1936, 38, 300; A. 1930, 1100) states that 
the wax is crystalline and has m.p. 04-06® ; tho 
latex contains rubber (3’48%) and a-amyrin. 
The Brazilian milk-tree is Mhmisops data (Fam. 
Sapotace®). 

.. J- N. Q. 

MILLERITE, Nickel sulphide, NIS, erj'- 
staUised in the rhombohedral class of the 
hexagonal system. Usually as very slender or 
capUlary prisms, often in radiating groups, or 
interwoven like a wad of hair. Hence collo- 
quially called capillary or hair pyrites. Colour 
pale brass-yellow, often with a greenish tinge, 
and metallic lustre. When oxidised it may be 
coated with a film of tho green nickel carbonate, 
zaratite. p 6-6, hardness 3-3^. Generally occurs 
as a low-temperature mineral as tufts in cavities 
in hmestone, dolomite, serpentine, etc., and as 
an alteration product of other nickel minerals. 
Also found in meteorites. The mineral is scarce, 
even though recorded from numerous locabties. 

D. W. 
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MfLLON'S REAGENT is usually pre- 
pared by dissolving mercuiy' in an excess of 
concentrated nitric acid and diluting tho solu- 
tion with water. Millon (Compt. rend. 1849, 
40) found that the reagent, when added to 
an albumin solution, gave a white precipitate 
turning brick-red on boiling. \ coloration is 
observed at a dilution of albumin of 1:100,000. 
The reaction is given by proteins, provided that 
thc3' contain tho tjTOsino group; with gelatin, 
which docs not contain this gwonp, only a faint 
coloration is obtained. Tyrosine itself and many 
other substances containing a hydroxj'phcnyl 
group give a positive reaction. In characteristic 
Millon tests the red coloration develops only on 
heating, but the reaction is not rcndil 3 ' specified 
since a variety of colours is given by tho mono- 
iydric ami dilivdric phenols (Chapin, J. Ind. 
Eng. Chem. 1920, 12. 771). 

Although the reagent is not specific, it has 
several applications in anaU’sis. It serves as a 
stain for jirotoplasin in botanical sections and 
for natural silk fibres in admixture with cellulose 
silk. Several authors liavo described rolori- 
mctric methods based on the use of Millon 's 
reagent (F. D. and C. T. Snell, ** Colorimetric 
Methods of Analvsis," 2nd cd., Ixindon, 1937, 
Vol. II, p. 3(56). 'Weiss (Biochem. Z. 1919, 07. 
170) found that tho essential components of the 
reagent are a mercuric salt and nitrous acid. In 
a colorimetric determination of tyrosino ho cm. 
ploj’cd a 10% solution of mercuric sulphate in 
5% sulphuric acid ; 2 ml, of this solution were 
mixed with 3 ml. of the sample, and a few drops 
of a 0-6% solution of sodium nitrite addeii. 
Edwards ct at. (.Vnaly.st, 1937, 62, 178) deter- 
mined p-hydroxybenr.oic and salicylic aeid.s 
in food. Tlieir reagent wa.s prepared ly dis- 
solving mercury in twice its weight of con- 
centrated nitric acid and diluting tho solution 
with twice it.s volume of water (conveniently 
recorded as l:2:2v). When freshl 3 ’ prepared it 
gave a visible reaction with O-l mg. of either 
of tho organic acids in 20 ml. of solution. I'firth 
and Scholl (Bioehem. Z. 1931, 243, 274) u.sed a 
l:2:2v reagent in tho estimation of phenols in 
urine. Kolcs (Rharm. Weckblad, 1931, 68, 567) 
made a comparative studj’ of two reagents, (K) 
of composition l:l:lv and (S) of composition 
l:l:l-7v. (K) wa.s more sensitive, indicating 
tjTosino at 1:100,000, whereas (S) did not give a 
coloration at 1:80,000. Tho formula (K) is pro- 
scribed bj' B.P.C. 1934 and Extra Piiartn., 22nd 
cd., London, 1943, Vol. II, p. 041. R, II. A. 
Plimmor (“ Organic and Biochemist rj’,” Gth cd. 
London, 1938) adopts tho formula l:2:2v. {Sec 
also P. B. Hawk and 0. Borgeim, “ Practical 
Plysiological Chemistry," 11th cd., I.xmdon, 
1938.) 

J. N. G. 

MILORI GREEN. A light-green pigment 
in which freshly prepared barium sulphate 
serves ns a support on which lend chromate and 
Paris Blue (Vol. Ill, 473c) nro precipitated; 
altomativoly, tho blue may bo incorporated 
mechanically (F. M. Rowe, ” Colour Index,” 
Bradford, 1924, No. 1298; G. Schultz, 
" FnrbstofFtaboUon,” 7th cd., 1931, Vol. I, No 
1464). 


J. N. G, 
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MniETITE. 


M I M ET I T E . Lead cHoroarsenate, 
PbsCl(As 04 ) 3 , 

ciystaUised in tlie Lexagonal system, sometimes 
as -well-developed hexagonal prisms, but 
generally in rounded globular forms and 
mammillaiy crusts closely resembling those of 
pjTomorphite. Colour pale yello-w, orange, 
bro-n-n, sometimes colourless, -with resinous 
lustre, p 7-0-7-2, hardness 3J. The name 
campylite is given to the yellowish-broum barrel- 
shaped crj’stals, formerly abimdant at Dry Gill 
in Cumberland. In the variety endlichife, inter- 
mediate between mimetite and vanadinite, the 
proportion of AS2O5 to VjOg is nearly 1:1. 
Ilimetite is an imcommon mineral of secondarj* 
origin, found in the near-surface oxidised zone of 
lead deposits. 

D. W. 

MIMOSA. Claylon Telloio. Cotton Yellow. 
A fugitive dyestuff for cotton prepared by 
diazotising primuline and adding ammonia. It 
yields an indicator paper reddened by caustic 
alkalis, but not affected by ammonia, alkali 
carbonates, or phenolates (G. Schultz, “ Farb- 
stofftabeUen,” 7th ed., Vol. I, Berlin, 1929). 

J. N. G. 

MIMOSA BARK. Wattle barl-. Acacia 
bark. The mimosas of chief importance for the 
supply of bark and extract to the tanning in- 
dustry are trees indigenous to Australia but also 
gro-wn in plantations in Natal. The trees are 
known as -wattles (u. Acacia Baek, Vol. I, 11c) 
and are classified as acacia species (sub-order 
Mimosse, Fam. Leguminosre). Mimosa ta nnin 
(u. Vol. ITI, 2676) gives, but not -without 
exception, the reactions of a catechol tannin 
and is not hydrolysed by tannase (v. Vol. V, 
426c). For its qualitative reactions, see M. 
Nierenstein, “ Allen’s Commercial Organic 
Analysis,” 6th ed., London, 1927, Vol. V; 
Eudnitzkii, Amer. COrem. Abstr. 1934, 28, 7581 ; 
PoUak and Springer, Collegium, 1927, 46. 

Several attempts have been made to ascertain 
the structure of mimosa tannin. Petrie (Bio- 
chem. J. 1924, 18, 957) concluded that the 
tannin of flowers of mimosss is a condensation 
product of phloroglncin, protocatechuic acid, 
and gallic acid. Douglas and Humphreys (J. 
Soo. Leather Trades’ Chem. 1937, 21, 378) 
separated mimosa tannin from bark extract by 
electrodialysis, and estimated its mean molecular 
weight by a ciyoscopic method to be not less 
than 1,800. This number corresponds to the 
condensation of at least six catechin molecules 
(v. Vol. n, 433d). Eussell and dark (J. Amer. 
Chem. Soc. 1939, 61, 2651) synthesised bis- 
(6:3':4'-trihydroxy)-flavopinacol, a h'ght-red 
amorphous powder, indistinguishable in its 
properties from mimosa tannin. Page (B., 
1933, 358) discusses the nature of the linkage of 
mimosa tannin -with collagen. This author 
(J. Soc. Leather Trades’ Chem. 1942, 26, 71) 
finds a close relation between the molecular size 
of the tannin and the composition of the gelatin- 
tannin precipitate, and infers the existence in 
the solution of two mim osa tannins- differing in 
molecular weight by about 260. There is a 
considerable literature recording the percentage 
of tannm in mimosa bark. Coombs {ibid. 1933, 


17, 90) found the following percentage of tannin 
in commercial barks : A. decurrens, green wattle, 
42-0; A. mollissima, black wattle, 44-0; A. 
antndelliana, 36-6; A. filicifoUa, 29-0; A. 
irrorata, 28-0; A. dealbata, silver wattle, 26-2; 
A. pycnantlia,' golden wattle, 36-9. (See also 
Coombs et al., Proo. Eoy. Soc. New South 
Wales, 1923, 57, 313 ; 1926, 60,360; 1931,65, 
207 ; Anon., Bull. Imp. Inst. 1932, 30, 440.) 
The bark extract is exported from Durban in 
considerable quantities. The solid extract con- 
tains about 63% of tans and 16% of non-tans, 
the corresponding values of the liquid extract 
being 30% and 7% (H. Gnamm, “ Gerbstoffe 
und Gerbmittel,” 2nd ed., Stuttgart, 1933). 
Coombs (Z.c. 1933) has described the working of 
a bark-extraction plant. For tanning white 
leather, Woodhead (Amer. Chem. Abstr. 1942, 
36, 6667) bleached a wattle extract -with sodium 
“ hydrosulphite ” (NhoSoO^). Varying the pH 
of a mimosa taiming-liquor revealed two maxima 
of fixation on hide powder at pH 2-3 and pH 7-8 
(Alejo el al., Amer. Chem. Abstr. 1942, 36, 1801). 
For grading and sampling the bark, see Taylor, 
J. South African Forestry Assoc. 1942, No. 8, 
103. For methods of analysis, see “ Ofiicial 
Methods of Analysis,” International Society of 
Leather Trades’ Chemists, A. Harvey, London, 
1938. For the industry of wattle bark and 
extract, see C. 0. WilHams, Union of South 
Africa Dept. Agrio. Science Bull. No. 63, 1928 ; 
No. 74, 1930 ; No. 106, 1932. 

J. N. G. 

MIMOSINE, An irritant substance ex- 
tracted from the leaves of the sensitive plant 
Mimosa pudica and of other mimosse. Accord- 
ing to Soltys and Umrath (Biochem. Z. 1936, 
284, 247) the purified extract of Neptnnia plena 
causes the leaf movement at a dilution of 1:10®. 
For preparation, see Hesse, ibid. 1939, 303, 152. 
Adams et al. (J. Amer. Chem. Soc. 1945, 67, 89) 
consider that mimosine may be the optically 
active form of leucenol (Mascre, Amer. Chem. 
Abs. 1937, 31, 4369) and that its constitution 

may be jS-N-(3-hydroxy-6-pyridone)-a-amino- 
propionic acid or )S-(3-hj’droxy-6-pyridoxy)-a- 
aminopropionic acid. 

J. N. G. 

MINASRAGRITE. A highly hydrous sul- 
phate of vanadium, V20j,3S0g,1 BHoO, ciys- 
tallising in the monoclinic system. It com- 
monly' occurs in gramdar aggregates, and as a 
■vivid blue encrustation on the vanadium sul- 
phide, patronite, at the famous vanadium mine 
at Jlinasragra, near Cerro de Pasco in Peru. 
Museum specimens of patronite often become 
coated -with a blue efiiorescence of minasragrite, 
which is itself a valuable source of vanadium. 

D. W. 

MINERAL BLUE. There are numerous 
synonyms: (a) Azurite {q.v.). Mountain Blue, 
is native basic cupric carbonate ; (6) Artificial 
iBneral Blue, also Bremen Blue (c. Vol. H, 
25c) (J.S.C.I. 1924, 43, 391b), is precipitated 
cupric hydroxide containing a small amoimt of 
basic carbonate ; (c) Prussian Blue {v. Vol. HI, 
472c, d) and a variety marketed as Antwerp 
Blue (t). Vol. II, 25c; see also F. M. Eowe, 
“ Colour Index,” Bradford, 1924, No. 1288). 

J. N. G. 
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mineral caoutchouc. Mineral 
rubber. Elastic bitumen. Elatcrilc. A dnrk- 
brown, flexible, nncl clastic niinornl found widol3' 
distributed in small amounts, c.g., at Caslleton, 
Derbyshire. Geologically' it represents a late 
stage" in the alteration of petroleum. The tcpi 
mineral rubber Las also been applied to an in- 
sulating material manufactured by blowing air 
through heated asphaltic petroleum. ^ 

J. N. G. 


MINERAL COTTON. Mineral Won!. 
Silicate Cotton. Slag irool. A mass of inter- 
laced fibres (diameter ca. 3-lt5/t.) resembling 
spun glass, obtained by' blowing steam or air 
through melted blast-fumncc slag or melted 
rock. It is used as a heat-insulating lagcing for 
steam pipes, and for lining walls and floors 
(Thoenen, “Mineral Wool,” U.S. Bur. Mines, 
Information Circ. No. G9S-ln, 1930) 

J. N. G. 

M I N ERAL GREEN. Originally the ground 
mineral malachite (Vol. Ill, Od.'irf) ; the term 
may include other inorganic green pigments, 
e.g., Scliccle’s Green (Vol. I, ‘Wild), Schweinfurt 
Green [ibid., p. 478a), and Chrome Green.s 
(Vol. m, 11 2d). 

J. N, 0. 

MINERAL PURPLES. Indian Ikd. A 
class of pigments varying in shade from blue- 
black to broivn and containing a high proportion 
of ferric oxide. Purple of Cassius (Vol. VI, 
1226), however, has been termed Mineral Purple. 

J. N. G. 


MINERAL WATERS (c. Vol. I, Ifl.Gr,). 

MINERALOGY. For more detailed de- 
scriptions of minerals than is possible in this 
Dictionary, the reader should consult such 
standard works of reference ns the following : 
E. S. Dana, “ A Textbook of Jlineralogy,” 4th 
ed., by W. E. Ford, New York and lx)ndon, 
1932; C. S. Ilurlbut, jun., “ Dana’s Manual of 
Mineralogy,” 15th cd.. New York, 1941 ; C. 
Palache, H. Berman, and C. Frondel, “ Dana’s 
System of Mineralogy',” 7th ed., Vol. I, Now 
York, 1944 [this contains the most authoritative 
descriptions of the elements, sidphidcs, thio- 
salts, and oxides, together with many' refcrencc.s. 
Vol. n (Halides, carbonates, sulphates, borates, 
phosphates, arsenates, etc.), and Vol. Ill (Silica, 
silicates) are in course of preparation]. An cle. 
mentary text-book is by 11. H. Read, “ Rutley’f 
Elements of Jlineralogy,” 23rd cd., London, 

1936. A. N. Winchcll, “ Elements of Optical 
llineralogy,” 3rd ed., Pt. II, Description of 
Minerals, New York, 1933, contains optical and 
other data for a wide range of minerals. “ In 
dustrial Minerals and Rocks,” American Institute 

Metallurgical Engineers, Now York 

1937, deals comprehensively with non-motallici 
other than fuels, mainly from the commorcia 
standpoint. The two outstanding journals ii 
the English language are “ Tho Amcricai 
huneralogist (issued every two months 
Menasha, Wisconsin) and “ Tho Minoralogica 

lagazme (London) (a separately paged publi 
cation, Mineralogical Abstracts ’” gives com 
pleteworld references to all Idnds of minoralogica 

Cworks)^ '' 

Eor statistics of mineral production, see “ Th( 


Mineral Industry of tho British Fbniiirc and 
Foreign Gounlrics, Statistical Summary,” Im- 
perial Institute. Ixmdon ; “ Minerals \ earhook.” 
United States Bureau of Mines, Washington; 
and “ Jlincral Industry,” New York, McGraw- 
Hill Book Co., Inc. Tiieso works arc normally 
issued annunllv. 

D. W. 

MINERALS AND X-RAY ANALYSIS. 
The constituent atoms of nearly all minerals are 
regularly arranged in continuous three-dimen- 
sional pattenis. Crystallogrnphera have long 
regarded this ns the only explanation of the 
regidar forms of crystals, the constancy of inter- 
facial nngle.s, and the law of rational intercepta. 
If. led them not only to the di'scription of .32 
crystal cinsces nr point-groups based on .seven 
systems of symmetry, but nl.so to the correct 
lierivafion of 14 sp.'ice-hitticc.s and 2.30 space- 
groups. 'J'he convincing proof that a cry.stal 
bchavc.s ns a threc-dimciisioiml gr.ating to Y- 
my.s, ami scatters the incident iH-ain in ilefinito 
directions, related only to the spacings of atomic 
planc.S" in the cry.stal and to tho wave-length of 
tlu' radiation, was obtained by a group of 
physicists at Munich in 1912. Tlicn began the 
investigation of crystal .struct tires of simple 
inorganic .substances, including minerals, and 
event unlly the unravelling of more complex 
struclurc.s pos.sessed. e.g., by the silicatc.s (W. L. 
Bragg, “ Atomic Structure of Minerals,” Oxford, 
19.37)'. 

Tho most, complete ricscription of crystal 
fitructurcs of inorganic crystals, alloy.s, and 
organic compounds is to be found in tho “ Struk- 
turbcricht,” which was published ns a separately- 
paged Bupplement to tho Zeitschrift filr Kristal- 
lographin in four volumes ; volume 1 (1931) in- 
cludes crystal structures published in the [M'riod 
1913-28, volume 2 (1 937) t hose published in 1928- 
.32, volumes ( 1 9.37) those for 193.3-3.5, and volume 
4 (19.38) tho.se published during the year 19.3f}. 
'Tho four volumc.s include a carefully edited 
■summary of the extensive literature on the sub- 
ject. Each structure typo is dc.scribed and 
figured ; unit -cell dimensions, unit-cell content.s, 
space-groups, and atomic parameterfi are given, 
together with relevant pliy.sicnl data. 'J'ables 
of crystal-Ktruclure data have been jmblishcd 
elsewhere, notably by- R. W. G. Wyckofl', who 
does not, however, give separate tables for 
minerals, but includes them with other inorganic 
substances (“ 'riio Structure of Crystals,” 2nd 
cd.. Now York, 19.31, and supplement to tho 
2nd ed., 1935, for tho years 1930-31). Over 
500 cubic elements and compounds have been 
arranged in order of length of tho edge of tho 
unit cube by I. E. Knaggs and B. Karlik, 
“ Tables of Cubic Cry’stal Structure of Elemonta 
and Compounds, with a Section on Alloys by 
C. F. Elam,” London, 1932. Thc.so aro of value 
for tho X-ray' detonnination of cubic miuorals, 
tho crystal structures of which wore discovered 
prior to 1931. 

Tho foUow'ing Tables have been compiled from 
tho literature* to give an aliihabotieal list of 
crystal structures which liavo boon worked out 
complotoly, and of well-known ones for which 
X-ray data extend only to unit-cell dimensions, 
Up to tlio end of 1040. 
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space-groups, and powder-photograph measure- 
ments. Eare species are fisted only when the 
structural type to which they belong is not 
represented by a better known mineral. Follow- 
ing the mineral name in column I is the repeat 
or atomic contents of the unit cell. For con- 
venience this is stiU called the molecular formula 
by some authors, but actual molecular associa- 
tion is extremely rare amongst mineral and in- 
organic crystal structures. The imit-ceU con- 
tents expressed in this way, as a formula, must 
not only represent the chemical analysis of the 
given mineral but must equal in weight the pro- 
duct of the specific gravity and the unit-cell 
volume meastmed by X-ray methods. Im- 
mediately beneath the repeat in column II are 
given the S 3 fstem of symmetry and the crystal 
class or point-group symmetry in parentheses. 
The point-group symmetry is expressed by the 
symbols for the necessary and sufficient com- 
bination of axes of rotation (2,3,4, and 6), a.xes of 
rotatory inversion (2, 3, 4, and 6) and symmetry 
planes (ni). A list of names formerly used for 
the 32 crystal classes and the corresponding 
symbols now used by X-ray crystallographers 
are tabulated separately. This list also shows 
how the unit cell is defined for each of the given 
systems of symmetry. o 

Unit-cell dimensions are given in Angstrom 
units (10~® cm.) in column III and are listed so 

List of the Names aot) Symbols of the 
T niETr-Two Classes of Cetstal Stmmbtey. 

System. 

Name. 

Symbol. 

Cubic 

Dltesseral central 

m3n» 

a=b=c 

Ditesseral polar 

43m 

«=j3=y=90'’ 

Tesseral central 

m3 

Tesseral holoaxial 

43 


Tesseral polar 

23 

Tetragonal 

Ditetragonal equatorial 

4/mmm 

a=b 

Ditetragonal alternating 

42m 

a=^=y=90° 

Ditetragonal polar 

4mm 

Tetragonal equatorial 

4/m 


Tetragonal holoaxial 

42 


Tetragonal polar 

4 


Tetragonal alternating 

4 

Hexagonal* 

Dihexagonal equatorial 

6/mmm 

a=b^c 

Dihexagonal polar 

6mm 

aA6=120° 

Ditrigonal equatorial 

6m 2 

aAc=6 Ac=90° 

Hexagonal equatorial 

6/m 


Hexagonal holoaxial 

62 


Hexagonal polar 

6 


Trigonal equatorial 

6 


Ditrigonal polar 

3m 


Dihexagonal alternating 



Trigonal holoaxial 

32 


Trigonal polar 

3 


Hexagonal alternating 

3 

Orthorhombic 

Dldigonal equatorial 

mmm 

o^b^r 

Didigonal polar 

2mm 

a=j0=y=9O° 

Didigonal holoaxial 

222 

Monoclinic 

Digonal equatorial 

2/m 

a^b^c 

Planar 

m 

a=y=90° 

Digonal polar 

2 




Anorthic 

Central 

1 

a^bz^c 

Asymmetric 

1 


♦See footnote to Tables. 
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that the a and b dimensions fall in the satno | 
•Tertioal column and c on tho right and in line 
^th a. Three lines arc used for anorthic 
minerals so that a and a are given on the first 
line, & and ^ on tho second, and c and y on the 
third. Tho axial ratios may bo calculated from 
:/o for tetragonal and hexagonal minerals and 
tom ajb and cjb for orthorhombic, monoclinic, 
and anorthic minerals. They rvil! bo in agree- 
ment with those obtained by measurement of tho 
angles between crj'stal faces with the goniometer, 
or related to them by a simple multiple or .sub- 
multiple, according to the choice of parametral 
plane. 

The accuracy of measurement of Jinit-ccll 
dimensions has greatly increased since many of 
the tabulated data wero obtained. Investi- 
gators are also more consistently caipdng out 
their measurements on material subjected to 
chemical analysis. Correlated data can then 
be tabulated for tho end members of all isomor- 
phous series of minerals, and the complex 
character of atomic replacements or solid solu- 
tion in so many minerals correctly’ inteq)rctcd. 

Column V gives tho crystal-structure type. 
The names and symbols of the structure type.s 
are more or less arbitrary and historical, but the 
classification used in the “ Strukturbericht ’’ 
is adopted here, since it fulfils its purjmso of 
giving a quick idea of tho structiirc. " There is 
as yet no rational way of bringing tho structures 
into a system which will correlate both the geo- 
metrical and dynamical or chemical qualities 
of kindred structures ” {Z, Krist. 1031, 79, 513). 

The syonbol of tho crystal-stnicturo typo 
consists of a letter and a number. Tlio initial 
capital letter refers to tho following classification 
into sections : A, elements ; li, compounds of 
type AX C, AX^; D, A^Xd; F, Adi(X\Z)fi; 
®iAn,(BX 3 )n; //, Ani(llXi.)„; and iS silicates. 

Beneath the name and symbol of tho crystal- 
structure type in column V is given tho Hcr- 
mann-Mauguin nomenclature for the sj)ace- 
group. For a full description of those symbols 
and tho 230 space-groups, see “Internationale 
Tabellen zur Bestimmung von Xristallstruk- 
toen,” 1936, Vol. I, pp. 12-18 and 94; and 
W. T. Astburj’ and Ivatlileen Yardlcy, “ Tabu- 
lated Data for tho Examination of the 230 
Space-groups by homogeneous X-Rays,” Proc. 
Boy. Soc. 1924, A, 224, 221, 

Briefly, the capital letter beginning each 
space-group notation is one of tho lattice sym- 
bols P, pnmitivc, A centred on tho (100) face, 
lace-centred, etc. ; next follows tho sy’mbol 
ot tbe pnncipal axis, and this may bo an axis 
0 rotation, an axis of rotatory inversion, or a 
screw-axis. Screw-axes and glide-planes are 
symmetry elements proper to a lattice and in- 
■'Veil as tho custoinarv 
rotation or reflection. Screw-axis symbols arc 

Rprmi’ +£’ ^3> signifying by tho sub- 

eoript the amount of translation following 
ation, e.g., Cg translates of tho cell 
IfSp”"^ t'lat direction, 

the avkff r symmetry perpendicular to 

e ff! 21m by an oblique rule, 

planes t'n foUow the secondary axes or 

planes are aW°^^ space-group. Glido- 

P es are always represented by smaU letters : 


a, h, c for those with J translation parallel to 
tho o, b, c axes ; n or t? for one with 4 or i trans- 
lation parallel to [OH]. [101]. or [flO] (W. H. 
Bragg and W. L. Bragg, “ The Crystalline 
State,” London, 1933. pp:(i3-S8). 

3’hc reference to the p.ago and volume of 
“ Strukturbericht ” is given in tho Inst column, 
and whenever possible tho reference to tho 
relevant paper abstracted in Ibo Mincrnlogicnl 
Magazine is given in tho form 4-lG, i.c., 
p. 16 of vohiino 4 of the Mincralogical Abstracts. 
Where the work has not proceeded to tho com- 
plete analysis of ciystal structure the abstract 
of the most recent p.spcr has been cited, so that 
the cell dimensions quoted may be ns accurate 
ns po“sible. 

No two substances possess the same crystal 
slruetnre, so that a metrical definition of tire 
unit of pattoni of a given mineral is unique for 
that mineral. It is to l>c oxj>e,etcd therefore that 
the photographic rt!corda of difir.setion spectra 
upon which the X-ray analysis is based sliould 
tbem*=elves roiislitnte precise identifications. 
The unit-rell dimensions are diagnostic, and a 
rotation pbotogr.s])b of a ery.stal of a known 
mineral about a known axis gives a two-dimen- 
sional array of si>nts of varying intensities, 
forming a .standard for identification. Rowder 
phntograjrlis are more widely u.«ed for this pur- 
pose. and extend identification by X-ray.s to 
those suljslances wbicli are cry.stallinc but 
which have grown in amorphous masses possess- 
ing no ery.stal faces ami oftotr of very small 
particlc-sir.c. Tiie sjracings and relative in- 
tensities of j)Owder phofograplis f»f about 260 
minerals Imve been listed by A. K. Boldyrev 
el al. ns “ A’-Ray Determinative Tables for 
Minerals,” Part.s 1 and II (.Vnnales do I'lnstitut 
des Mines h IXningrad, 1938. 11, pt. 2; 1939, 
12, pt. 1). J. 1). Hanawnlt and others also 
listed powder data for a tbansjind chemical 
comjjoumlfl, mostly artificial, claiming timt a 
knowledge of fbe ajjacings of the three Jiiost 
intcn.so lines and tiieir relative intensities .suflieed 
in most inslanees for identification (Ind. Eng. 
Chem. [Anal.], 1938, 10, 467). G. A. Harcourt 
has extended llanawalt’s duln by tho spaeings 
for 162 ore-minerals, a particularly u.soful aid to 
tho X-ray identification of ores (Ainer. Min. 
1912, 27, 63). linnawalt ’.s data have been mntie 
up into a card-index filo ly tho American .Society 
for Testing Materials and tho American .Society 
for X-Rny and Electron DiflVnction. Data for 
many more mincraks UJid compounds arc being 
collected in this country under tho aiispiccs of 
tho X-Raj’ Analysis Group of tho Institute of 
Ph 3 ' 6 ics, and will form an appendix to tho 
American Card Index alrcadj' published. Four 
strong linc-Bj)ncings of as manj’ minerals listed 
in tho Tables us possible are given in colnnm IV, 
abstracted from both tho Russian and Amoricmi 
lists. They servo as a guide to mineralogists 
using tho X-raj’ i)owdor method and would need 
confirmation by tho comparison of tho complete 
photograph with a standard. 

P. A. B. 

MINERALS, GEOCHEMISTRY OF. 

The geochemistry of minerals comprises the 
description and understanding of tho ohomical 
and physical conditions which nro nocossaiy for 
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the formation and transformation of the various 
minerals and mineral assemblages in rocks, ores, 
and other mineral deposits, likervise in soils. 
The chemical conditions of primary importance 
for the formation of minerals are the presence 
and the proportions of the various chemical 
constituents of the minerals. Therefore, the 
first and most important object of geochemistry 
is the study of the relative amounts and distri- 
bution of the chemical elements in relation to 
the astrophysical prehistory and geological 
history of the earth. 

The relative abundance of the chemical 
elements in the universe can be studied by 
astrophysical spectrum analysis (emission and 
absorption spectra) of stellar atmospheres, 
nebulffi, and interstellar matter, by chemical 
and physical analysis of meteorites, and by 
comparison with analytical results obtained 
from accessible terrestrial matter. 

The general result of such investigations is as 
follows : the abundance of the chemical elements 
follows certain rules which are correlated with 
important properties of the atomic nuclei. If 
the elements are arranged according to in- 
creasing nuclear charge, starting with the 
neutron, then the first stable element, hydrogen, 
is by far the most abimdant, the atomic fre- 
quency of hydrogen being much in excess of the 
combined frequency of all other elements 
(RusseU, Science, 1941, 94, 375). Then comes 
helium, the most important product of nuclear 
condensation, followed by three elements which 
are comparatively rare in all parts of the rmi- 
verse, viz. lithium, beryllium, and boron, the 
nuclei of which at stellar temperatures are 
unstable against collisions with protons. From 
oxygen to uranium the cosmic abimdance of the 
elements seems, in general, to follow the rule 
that abimdance decreases with increasing 
nuclear charge, so that the abundance of oxygen 
(nuclear charge 8) is about 100 million times 
greater than the abundance of uranium (nuclear 
charge 92). Important exceptions to the rule 
are the relatively great abundance of iron and 
the neighbouring elements (nuclear charge 
26-28). Another general rule, discovered by 
Oddo and Harkins, states that elements with 
odd nuclear charges are usually less abundant 
than the neighbouring elements with even 
nuclear charges [for instance. La (67) is less 
abimdant than Ba (56) and Ce (58)]. 

If the atomic species, not the chemical ele- 
ments, are arranged according to mass numbers, 
it is found that in nearly every case the abund- 
ance of atomic species with odd mass-numbers 
is less than the abundance of neighbouring 
atomic species with even mass-numbers — for 
instance, ^^/gBa:^®®La:“®Ce=3:l:2-3. All these 
rules concerning the cosmic proportions of 
atomic species without doubt reflect nuclear 
stability properties involved in the evolution and 
survival of atomic species (Goldschmidt, Skrifter 
Norske Videnskaps-Akad. i. Oslo, I, Mat. Natur. 
Edasse, 1937, No. 4). ^ 

The average composition of matter in the 
crust of the earth (atmosphere, hydrosphere, 
and uppermost part of the lithosphere) is, how- 
ever, different in many respects from the average 


composition of cosmic matter, owing to pro- 
cesses of selective separation during the 
astrophysical and geological prehistory of 
the earth (Goldschmidt, Videnskapsselskapets- 
Skrifter, I, Mat. Naturv. Klasse, Kristiania, 
1923, No. 3; Proc. Roy. Inst. 1929; J.C.S. 
1937, 655). 

Since the earth, fike any other planet, has 
presumably been formed by condensation of 
gaseous matter, either in one single step or by 
condensation to smaller bodies wmch have since 
coalesced, it is necessary to consider the be- 
haviour of matter and the distribution of ele- 
ments during such condensation. The most 
volatile elements, and elements forming very 
volatile compounds, will remain in a piimordiS 
atmosphere, as, for instance, the inert gases, 
nitrogen, and oxides of carbon and of hydrogen. 
These elements are called atmophil elements. 
How much of the atmophil elements can be 
retained in the primordial atmosphere depends 
on the size of the planet (field of gravitation) and 
temperature. Possibly the present atmosphere 
and hydrosphere of the earth are essentially 
products of secondary degassing. 

Other elements which form non-volatile 
oxides will combine with oxygen to form a 
fiised slag, consisting essentially of compounds 
of those elements which have greatest free energy 
of oxidation per imit of valency, such as silicon, 
aluminium, magnesium, calcium, and the alkali 
metals. Such elements, including oxygen, are 
called lithophil elements. 

Since iron is by far the dominant heavy meM, 
the limit for oxidation processes is given by the 
free energy of oxidation of iron, and those metals 
which have a free energy of oxidation less than 
that of iron per unit of valency are left essentially 
in an unoxidised state, forming alloys and com- 
pounds wdth metallic iron dominating. These 
are the siderophil elements, and include nickel, 
cobalt, germanium, gold, and the metals of the 
palladium and the platinum groups. Therefore, 
gold and platinum, for instance, are extremely 
“ dilute ” in the silicate magmas of the earth’s 
crust, but are found in much larger concentra- 
tions in the iron-nickel alloys of meteorites 
and, probably, also in nickel-iron alloys in the 
innermost parts of the earth (see Goldschmidt, 
Soil Sci. 1945, 60, 1). 

A fourth group of elements, the chalcophil 
elements, are characterised by a strong affinity 
for sulphur and arsenic, and are found in the sul- 
phide phases of meteoritic and sulphide ores of 
terrestrial origin. The grouping of chalcophil 
elements is rather different in the sulphides of 
meteorites and in terrestrial ore-bodies, because 
in the meteorites the total amount of oxygen 
and sulphur is usually not sufficient to saturate 
all metal valencies, so that unsaturated free 
metals are left. Because of the oxygen deficiency 
in nearly all meteorites, we observe sulphides of 
a number of elements which in terrestrial matter 
usually or exclusively combine wdth oxygen, such 
as calcium, manganese, chromium, and vana- 
dium (Goldschmidt and Peters, Nachr. Ges. 
Wiss. Gottingen, math.-phys. Kl. 1933, 278). 
In terrestrial materials the oxygen and sulphur 
have to compete for the heavy metal atoms, 
usuaEy in the absence of an excess of uncom- 
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bined metals. Thus the chalcophil metals in It is probable that the hulk of sidcrophil and 
ore deposits of the earth’s crust follow another chalcophil elementa in terrestrial matter are 
erouping, giving an illustrative example of the concentrated in the interior of the earth ; in the 
importance of the oxidalion-rcduction potential accessible crust of our planet we find that most 
in the geochemistry of minerals. minerals consist predominantly of lithophil 

Another reason for the great dilTcrcncc bo- elements, 
tween meteoritic and terrestrial minerals is the The nverage comiiosition of the uppermost 
abundance of water in terrestrial materials. parts of the lit hosphcrc, however, docs not eorre- 
Table I contains the classification of elements epond exactly with the average amounts of all 
according to their distribution in the primordial terrestrial lithophil matter, l)ut is much modified 
atmosphere, the nickel-iron core, the slag entst, b 3 ' fractional cri/ftallisalion in such a manner 
and the sulphide phases. The elements con- that in the gravitation field of the earth cr 3 '.stal- 
centrated in living organisms, the biophil clc- lisates and hcavj’ magmas have a tcndcnc.v to 
ments, are tabulated as a fifth group. The con- migrate towards the centre, while light minerals, 
centration of the biophil elements, however, light magmas, and light aqueous mother liquors 
belongs to distinctlj' later periods in the geo- have a tcndcnc}' to migrate towards the surface 
chemical evolution of the earth. of the earth. 

Table I. — Geociiemigal Classificatiok of the Elements, AcconniNo to Distiubution 
BETW'EEN InON, SULriIlDi:S, SlLlCATF-S, ATMOSTIIEnE, ANO OUOANISMS. 


Iron. 

sidcrophil. 


Fe, Ni, Co, 
P, (As), C, 
Ru, Rh, Pd, 
Os, Ir, Pt, 
Au, Ge, Sn, 
Mo, (W), 
(Nb), Ta, 
(Se), (Te) 


Sulphide, chalcophil. 


In meteorites. Terrestrial. 


S, Se, (Te?), S, Sc, Tc, 
P, As, (Sb), As, Sb, Bi, 
(Ti), V, Cr, (Gc),(Sn), Pb. 
Mn, Fe, Cu, Ga, In, TI, 
Ag, Zn, Cd, 2n, Cd, Hg, 
(Ca) Cu..Ag, (All), 

Ni, Pd, (Pt), 
Cd, (Rh, Ir), 
Fe, Ru, (Os) 


In general, most of the earlier jiroducts ol 
c^tallisation of silicate magmas arc heavici 
man the average magma. This also holds foi 
the sulphides of iron and other heaiy metah 
(nickel, copper) which are separated b 3 ' liquatioi 
as hquid sulphide droplets. 

Many of the residual magmas during tin 
process of fractional crj'stallisation (granodio 
rites, granites, syenites, ncpholitc-syenitcs) hav( 
a low specific gravity and tend to rise. Tin 
same also holds for such mother-liquors ol 
BUicate magmas as give rise to pegmatites ant 
to hydrothermal ore deposits. 

ihe fate of the different elements in minora 
lormation 'connected -ivith the crystallisation o; 

closely related to tin 
g eral laws regulating the entrance of atoms o; 
ions into the crystal lattices of minerals. Thi 
stmeture of a crystal is dependent on thrci 
® the constituen 

fe® chemical formula), tin 

nolariofe-*^^ these particles, and thei: 

mRni ^ properties. Isomorphous replace 
or exchange of particles (atoms, ions, o: 
VoL. VIII.— 10 


Sllic.atw, O.nc.o, 

Ilttiupldl. ntinuphll. 


0,(S),(P),(H). H, N, C, (O), 
Si,Ti,Zr, Hf, Cl, Br, l,Hc. 
Th, (Sn). F, Ne, A, Kr, X 
Cl, Br, I, B. 

Al, (Gn), Sc. 

Y, La. Cc. Pr, 

Nd. Sm. Eu, 

Gd. Tb. Dy. 

Ho. Er, Tm, 

Yb, Lu, Li, 

Nn, K, Rb, Cs, 

Be, Mg Cn, 

Sr, Ba, (Fe), 

V. Cr. Mn, 

((NI)). ((Co)). 

Nb. Ta. W, 

U. ((C)) 


radicals) can take place when there is a sufiiciont 
degree of similarity' in size and in polarisation 
properties. In particular, it has been found that 
crystal lattices can admit particles if the diffor- 
cnce in radii does not exceed about 15% of the 
smaller radius. For anj' understanding and 
prediction of isomorphous substitution it is, 
therefore, necessary to have information con- 
cerning the radii of atoms or ions. Tables Ha 
and II6 contain ionic radii such ns arc commonly' 
used. The one sot (G.) are empirical data duo to 
Goldschmidt (Trans. Faraday' Soc. 1929, 25, 
253), the list being first given in 1920; the 
other sot (P.) ivas calculated somi-cmpiricnlly’ 
by L. Pauling in 1927 (“ Problomo dor modornen 
Physik," Leipzig, 1928, p. 17). Another somi- 
cmiiirical set has been iniblishcd by Znchariason 
(Z. Krist. 1931, 80, 137), and n calculation on the 
basis of wave mechanics has been given by 
Jensen, Moyor-Gosslcr, and Rohde (Z. Physik, 
1938, 110, 277). 

These data apply to the structures of ionic 
crystals. In most of the minerals belonging to 
the classes of oxides, halides, silicates, and other 


Ortfanlsms, 

lilophli. 


C. H,0. N, P, 
S.CI, (Br),l. 
(B). (Cn, Mg, 
K, Na), (V, 
Mn, Fo. Cu) 













Table lla. — ^Tiie Emmrioal Ionio Eadh (GoLDSonsucT, 192G), and SBra-EsrpniioAL Ionic Eadh (Padling, 1927), both foe Co-ordination 
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salts of oxy-acids, such ns carbonates, sulphates, 
and phosphates, the metallic constituents arc 
present as ions, and the radii corresponding with 
the respective degrees of ionisation (for instance, 
the ions of divalent or of trivalcnt iron) are the 
distinctive factor which decides if any such ion 
can, or cannot, enter a certain crystal stniclurc, 
the growing crystals acting ns nets or sieves 
which retain particles fitting into their structural 
dimensions. The simplest case of s\ich sub- 
stitution is when ions of the same or nearly the 
same size, and of identical charge,^^ are con- 
cerned, such as replacement of Mg-+, radius 
0-78 A., by nickel with the same charge and 
size, or univalent positive potassium (r=l-33 a.) 
by nibidium (r=l-49 A.). Thus, tho crystal of 
potash felspar can accommodate rubidium ions 
instead of potassium, but cannot accommodate 
lithium ions (r=0-78A.), and only to a very 
limited extent can it take up cmsiuni ions 
(r=l-6o A.). Therefore no separate magmatic 
rubidium mineral has yet been discovered, 
whereas such a emsium mineral (polbicit', 
V. Vol. II, 195c) does exist (c/. Ahrens, Atner. 
Min. 1945, 30, 61C). 

The abihty of crystals to accommodate ions 
of somewhat different sizes is greater at elevated 
temperatures than at lower temperatures, owing 
to the increase in thermal displacement of in- 
dividual particles at high temperatures. 

The simplest case of isomoridious substitution 
has just been considered, that which takes place 
between ions of similar size and the same charge. 
The extreme case of such similarity is attained 
• when ions of the same type, tho same valency, 
and nearly tho same size substitute each other, 
as in the following pairs : 


Ion 

r(A.) 


3-4 

3-f 

3-4 

3-4 

4-4 

4 + 

Al 

Ga 

Y 

Ho 

Zr 

Hf 

0-57 

0-02 

1-00 

1-05 

087 

oso 


5-}- 

Nb 

OCO 


Ta 

003 


In such cases not only the structural dirnensiot 
but also the chemical properties arc very ncarl 
alike, so that the rarer clement of the pa 
(c.j., Ga) is hidden or “ camouflaged ” by tli 
more common element (i.e., A I). 

Tie similarity of ionic size in the paii 
Y-Ho, Zr-Hf, Nb-Ta is caused by tli 
lanthanide contraction, tho effect of tho fdlin 
01 the A shells by 14 electrons in tho scquenc 
01 the rare-earth elements (“lanthanides’ 
horn 5 , La to -oHf (Goldschmidt, Barth, an 
unde, SImfter Norske Videnskaps-Akad. Osh 
b Mat. Naturv. Klassc, 1925, No. 7 ; Vo 
Mevesy, Z. anorg. Chem. 1925, 147, 228 

interesting examples of asson 

fnTOi'oW a ions of similar sizo ai 

Whed by the minerals of tho raro-cart 

eithpr^nf ■which contain compound 

9 rr. / existmg elements from i; 7 La t 

“Stance, monazh 
®t26), or of the seric 

Sv ^vToTg' vr'S" 

stapeta Tliomaason, VMenBkapsse: 

> 19-4, No. 5; Goldschmidt, ibic 


1937, No. 4). Li some cases yttrium and tho 
whole scries of rare-earth elements from La to 
Lu are associated in tho same minerals, c.ff., 
yltrojluorilc and many apatites (r. Vol. 1, 4 !9c) 
*(“ complete ’’ assemblages). 

A spcci.al case is tho association of scandium 
with tho elements ytterbium and lutecium, like- 
wise in consequence of ionic sizes, in tho mineral 
Ihortrdtiic (i*. Vol. V, 524c). 

Europium is not usually concentrated to any 
considerable extent in minerals of tciwalcnt rare 
earths, ns it enters certain felspars and other 
minerals in tho bivalent state, witli an ionic 
radius ncarh' equal to that of pota>*sium. 
strontium, or lead. 

In man}’ cases it is observed that isomorphous 
.substitution is not limited to pairs of atoms or 
ions with tlio same valency or charge, but 
extends to jiairs of elements with .similar radii 
bjit different valencie.s or ionic charges. Thti.s 
sodium (r.--0-9SA.) can l>o substituted by cal- 
cium (r-’l-OdA.), calcium by tervnient x'ttrium 
(r -l-OG A.), and tcrvnlcnt yttrium by quadri- 
valent thorium (r-il-lOA.). 

If an ion of different charge or an atom of 
different valency enters in place of one of tho 
proper constituents of the ciystnl, then some 
kind of compensation nmst take placo to .secure 
the clcetroneutmlity of the lattice ns a whole. 
This takes place in different ways. For example, 
in cassiteritc (SnO.) (c. Vol. 11, 410.’d, three tin 
ions can Ik? substituted by ono of ferrous irt?n 
and two of niobium, or two of tin can be 
replaced by ono of scandium and ono of niobium. 
In many cases of such rcplacomonts, tho average 
radii of the .sub.stituting cations are very close 
to the radiu.s of tho cations of tho host crystal 
(Goldschmidt, Chem. Products, 1914, 7, 33). 
Tho compensation can also Ik? brought about 
by substitution with suitable anions of diflerent 
vnlenc 3 % e.g., in monazito, CePO^, tervalent 
Cc can bo replaced by Th, tho PO^ being 
replaced correspondingly by SiO^. IVcll-known 
exnmplc.s aro furnished in tho cry.stallographical 
relationships between sodium felspar and cal- 
cium felspar, or between potassium felspar and 
barium felspar (r. Vol. V, In). In jluor-spar, 
CaF, (f. Vol. V, 283a), bivalent calcium ions 
can 1 k 3 8iib.stitutod by tervalent yttrium, the 
valcncx* balance being maintained by accom- 
modating extra fluorine ions in the Huor-.spar 
lattice. In other cases tho balance of electrical 
charges or of valencies is maintained by leaving 
certain lattice positions empty. An example of 
this can bo given from tho iron sulphides of tho 
troilito-pyrrholito family, where tho entrance 
of some ferric iron, together with tho dominating 
divalent iron, is compensated by tho occurroneo 
of a corresponding number of “ empty ’’ iron 
positions in tho lattieo, mnldng tho formula 
Fe{„_i)S„, where n depends upon tho number 
of tervalent iron ions. 

The knowledge of ionic or atomic radii not 
only permits tho prediction of crj'stal structures 
and the possibility of isomorphous substitutions 
in crystals, but also makes possible a prediction 
of tho sequence of entrance of substituting ele- 
ments. In so far ns tho bonding forces aro 
strictly or dominantly of an electrostatic nature, 
this sequence is essentially that of tho electro- 
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static forces between the ions, being inversely 
proportional to the square of interionic distance 
and directly proportional to the product of the 
charges of opposite signs. In the case of the 
same charge, magnesium {r=0-78 a.), for in- 
stance, enters before bivalent iron (r=0-83 a.), 
and potassium before rubidium. In the case of 
difference in ionic charge, the higher-charged 
ion enters in preference to the lower-charged ion, 
so that tervient scandium enters ionic silicates 
of magnesium and of bivalent iron in preference 
to these bivalent ions (the scandium is “ cap- 
tured ” in p 3 nosenes of gabbro rocks) (Gold- 
schmidt and Peters, Nachr. Ges. Wiss. Gottingen, 
It'’, 1931, 257), while univalent lithium enters 
the magnesium-ferrous minerals mainly at that 
late stage of crystallisation when the supply of 
bivalent ions is nearly exhausted (“ admittance ” 
of lithium into the biotites of granite and 
syenite rocks) (Strock, Hachr. Ges. Wiss. 
Gottingen, IV, 1936, 171). 

It is thus realised that the sequence of the 
entrance of ions of different size and different 
electrical charge into crystal lattices depends 
upon the strength of the bonding forces between 
the lattice and the ion imder consideration, the 
strength of the bonding forces being indicated 
by the ionic charges and bj’ the reciprocals of 
the radii. Of course, the actual bonding forces 
are never exclusively of an electrostatic nature ; 
there is always a more or less important contri- 
bution by Van der Waals forces, and very often 
also by valency forces (for instance, bonding by 
an electron pair). Such valency forces are in 
part responsible for the strong bonding of such 
elements as chromium and nickel in certain rock- 
forming minerals. In fact the particle radii 
which are observed in actual crystals are an 
indication of the sum of the operative bonding 
forces. 

The fractional crystallisation of igneous silicate 
magmas is, to a very high degree, controlled by 
the strength of bonding of the atoms (or ions) 
in crystal lattices, the minerals of highest crystal 
energy generally being the first to separate from 
the liquid state. This, of course, applies not 
only to the entrance of such rare elements as 
scandium and lithium into the minerals of more 
common elements, but also to a high degree 
regulates the sequence of crystallisation of 
these common minerals. Therefore, the silicates 
of magnesium generally crystaUise before the 
aluminosilicates of calcium and the alkali metals, 
and magnesium enters the isomorphous mixtures 
in advance of bivalent icon, which again in its 
trun precedes bivalent manganese ; lune felspar 
precedes the sodium felspar in their isomorphous 
mixtures, while potassium is concentrated in the 
last silicate fractions, together with hydroxyl 
and the univalent anions of the halogens. 
With decreasing temperatures the formation of 
more complex silicate and aluminosilicate 
anions is favomed, in comparison with the 
simple orthosilicate anions. 

The fractional crystallisation of silicate 
magmas, starting with basic olivine-gabbros, 
passing through granites and granodiorites and 
ending with more or less aqueous mother- 
liquors giving rise to peginatites {v. Vol. VI, 
1266), covers an extensive interval of tempera- 


ture, probably ranging in the main from about 
1,400° down to about 600°o. or even less. Still 
lower is the temperature range of most pnen- 
matolytic or even hydrothermal formations of 
epimagmatic minerals. An important phenome- 
non in connection with the decrease in tempera- 
ture in the process of fractional crystallisation of 
magmas and epimagmatic vapours and liquid 
phases is the decrease in the ability to accommo- 
date foreign particles in the ciystal lattices 
involved (Bray, BuU. Geol. Soc. Amer. 1942, 
53, 765). Through this effect, the residual 
mother -liquors not only collect elements which 
could not enter the common minerals because 
of the unusual size of their particles (relatively 
small particles such as beryllium and boron, or 
relatively large particles such as cmsium, barium, 
rare-earth metals, thorium, and uranium), but at 
low temperatures they may even leach some rare 
elements from already crystallised minerals such 
as felspars or apatite. The felspars of granites 
and pegmatites, being formed at lower tempera- 
tures, usually contain only relatively small 
amounts of most of the rare elements, except 
rubidium, some caesium, imivalent thaUinm, and 
tervalent gaUium, as compared with felspars 
and apatites from basic magmas which have 
crystallised at higher temperatures This is one 
of the reasons why in granites, syenites, and 
their pegmatites separate minerals are found of 
many groups of rare elements, such as lithium, 
beryllium, and boron, rare-earth metals, tanta- 
lum and niobium, zirconium and hafnium, and 
thorium and uranium. In part, these rare 
elements are concentrated in the mother liquors 
by the process of fractional crystallisation, and 
in part they are released from earlier crystallisa- 
tion products by the decrease in temperature 
which makes them less soluble in isomorphous 
mixtures. It is possible to distinguish elements 
which are generally concentrated in early 
fractions of the sequence of ciystallisatioi 
of magmatic rocks (for instance, chromiurn 
nickel, magnesium) from elements which ar 
concentrated in the late products of ciystalUsa 
tion from their parent magmatic solutions, am 
gases ; Table 111 furnishes some examples. 

A most important chapter in the geochemistr; 
of minerals relates to the genetic relationships o 
sulphide, arsenide, and thio-salt minerals, sue! 
as pyrite (FeSo), pyrrhotite (Fe(„_i)S„), arseno 
pyrite (FeAsS), and hournonile (CuPbSbSj 
{v. Vol. n, 53d). These minerals, with relative! 
few exceptions, have a metallic lustre, and als 
behave similarly to metals with regard t 
electrical conductivity. In addition their com 
ponents are not in the same ionic state as, fo 
example, in most oxides or oxy-salts. Th( 
structural relationships are therefore no 
determined by the usual ionic radii, but by set 
of radii which have been called “ atomic ” o 
“ metallic,” or by “ tetrahedral ” or “ octa 
hedral ” radii with regard to the co-ordinatio: 
number. Such radii have been proposed _b; 
Goldschmidt, by Huggins, and by Paulin, 
(Goldschmidt, Trans. Faraday Soc. 1929, 2f 
253; L. Pauling, “ The Nature of the Chernies 
Bond,” Ithaca and London, 1942). Geochemics 
and isomorphic relationships in these mineral 
seem to be determined by such radii in much th 
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Table III.— Typioal Elements and Ions rno.M 
Mother Liquors of Silicate JIaomas. 


Pegmatites. 

Jlinernl 
deposits from 
niagmatic gases. 

Hydrothermal 
mineral deposits. 

U, (Cs) 

U 

Ag, Au 

Be, (Mn) 

Cu 

Zn, Pb, Cu, 
Ba, (Sr),Mn 

B 

Sc, Y, La, Ce, 

B 

Sc, As 

(B) 

As, Sb, Bi 

Pr, Nd, Sm 
Eu, Gd, Tb, 

Dy, Ho 

Er, Tu, Tb, Lu 

Ti, Zr, Ce, Hf, 

Th 

Sn 


Nb, Ta, (P) 

P,(Nb),Ta 


Mo, (W), U 

Mo, W 

(Mo). U 

F, Cl, OH 

CO3 

F, Cl, OH 
CO3 

F. Cl, OH 

CO3 

(S) 

S 

S, Sc, Tc 


same manner as " ionic ” minerals arc detonnined 
by “ionic” radii. Among such relationships 
maj' be mentioned the close similarity hetween 
sulphur and arsenic particles in these tyi>cs ol 
minerals, or the crystal-chemical relationships 
of many sulphides, arsenides, and antimonidcs 
of the elements of the iron and platinum groups, 
such as FeSj, NiS,, NiSbS, OsS», PlAs,, and 
many synthetic compounds of similar types. 
The crystallisation of minerals in deposits of 
srdphide ores and related minerals connected 
with igneous rocks covers a ■wide temperature 
range, from perhaps l,000°c. in the ease of the 
pyrrhotite-pentlandito-niccolito deposits, con- 
nected with peridotites and norites, to the low- 
remperaturo hydrothermal deposits formed at 
1 ^eluding, for instance, mcrcurv 

^phides from hot springs. Other import an't 
ypes ot metallic ores connected with igneous 
n P^®umatolytic deposits of cassiteritc 
luv 2)' often associated with tungsten, arsenic, 
fL boron, and fluorine compounds. Among 
unn- ores and useful minerals as- 

Igneous rocks, mention can bo 
^7‘^™tJiermnl gold and silver ores, 
„ ® ^ron and titanium ores such ns 

414il (U. Vol. VI, 

t4d) and the (rare) apatitc-nephelito rocks. 

nect<>H mineral assemblages con- 

•SmnP^t ® magmatic minerals to the last low- 

eMmTpsnf^L^°i^®’ a multitude of 

P the dependence of mineral formation 


on the propcrtie.s of atom.s and ions, the subject 
of geochemistry. 

Not less important, but in ninny rc.spocts not 


tion, including the formation and develojnnent 
of soils. The difi'ienltic.s of invc.stigation arc 


the products of weathering and the soils include 
many cryptocry.stnlline and colloidnl minerals 
' ns yet uncertain constitution and ndation- 
lips. 

Tlie proee.s.sc.s of weathering take place mainly 
throngli the action of the atmosphere (and. in 
part, the hydrosphere) on rocks and minerals. 
Tlie active agents are c.ssentinll^- the free o.vygen 
and carbon dio.vidc in the atmosphere or dis- 
holveil in the hydrosphere, the hydroxonintn, 
bicarbonate, and hydroxyl ions of water and 
aqueous solutions, anil the water dipoles theni- 
.selve-s. In very many eases biogcochemical 
proce.sscs art' involved in weathering and in the 
formation of soils and .sediment.s (W. Vernadsky, 
“ Geochimie,’’ Paris, 192.'1: “La Hiosjihcre,” 
Paris. Hi;?<>). The proces-es of weatherini: and 
.••edimentation in general repre.sent a gigantic 
proce.ss of chemical analysis wliich is in continuous 
operation at and near the surface of the earth’s 
crust, forming the materi.al for sediments and 
for .soils, as outlined in the following scheme, 
which contains a few e.xample.s of the sedi- 
mentary sequence. Of course, the operative 
proressc.s in inalcing sediments depend very 
much on elinmtie conditions, especially tempera- 
ture and available moi«tun'. The influence of 
climate is shown, for instance, in the eomdation 
of evnporatiiui products with diy clitnate.s, and 
by the frequent eorrelation of bauxite formation 
with moist tropical eondition.s. 

Taiu,}; I\\ — CiiF.MioAt, .SrrciYs.sioN or 
SeDI MUSTS. 


Processes. 


Lxniiiiiles. 


1. Insoluble residua. 

2. Ily<Irolypls 

3. Dxidntinn 

4. Itoclucllen. . . 

fi. Carlmnatlon . 

0. Lvnporatloa . 


.Saiulstone. with quartr. and 
rlreon. 

llauxlte, clay. 

Lliiinalte. psllomelaiie. 

Coal, oil, fodlnientarj' fiul- 
jihldcs, sulpluir. 
blniestone, doioinlle. 

Eldnrlde.s, sulphates, borates. 


A number of eoarso-grained sedimentarj’ rocks, 
Buch ns arkose.s, grcywneke.s, tillitea, and many 
conglorncrafc.s, are derived from their parent 
materials mninlj’ by meelmnical disintegration 
and erosion, without, nnieh chemical weathering 
and dilTerentintion. 

Tlio most important phy.sico-chemicnl proport}’- 
for the sedimentaiy sequence of rocks and 
mineral assemblages has been found to bo the 
ionic potential Zjr, where Z is the ionic charge 
(for instance, 2 in a bivalent ion) and r is the 
ionic radius. This ionic potential mcn.suros the 
electrical field-strength at the surface of the ion 
involved and in most cases controls the be- 
haviour of the' on towards dipoles in solvents. 
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especiallv to^vards liydrosrl in tie sedimentair 
cyde. For ions of the inert-gas typK, the 
foUowing nnmerical mles can be appli^. If the 
potential is less than about 4, soluble cations are 
formed at pH about 7—8, as in the case of alhalis 
and alkaline earths (except beiyllinm) ; if be- 
tireen 4 and 12 rather insoluble hydroxides or 
complex hydrolysates are obtained, such as 
hvdrated iuminosilicates, as in the case of 
beiyUium, aluminium, and titanium ; and if the 
ionic potential (of the hypothetical cation) is rn 
excess of about- 12, it forms valency bonds vrith 
oxygen and hydroxyl to form the central atom 
of soluble complex oxy-acids, such as boric, sul- 
phuric, nitric, and phosphoric acids. 

A simple diagram (Fig. 1) may illustrate the 
distribution of such elements in tiie sedimentary 
cycle (Gkddschmidt, GeoL Foreningens Stock- 
holm Forh. 1934, 56, 3S5). 

j 1+ Cations 

•Cs 2+ / 


The chemical separations and concentrations 
of elements throughout the sedimentary cycle 
are of very great practical importance. Among 
the residual sediments rve fcd quartz sands, 
sandstones, and quartzites, e.g., ganisters, as 
rrell as the auriferous quartz conglomerates of 
the ‘WituatersTand ; the hydrolysates furnish 
refiactory days, kaolinites, and bauxites; the 
oxidates comprise the most important iron and 
manganese ores ; the products of reduction com- 
prise sulphur, sedimentary pyrites, o3, coal, 
and oil sh al es ; the carbonation products com- 
prise limestone and dolomites ; the evaporation 
products, all the salt deposits fiom sea \rater 
and inland lakes, including sedimentary chlo- 
rides, borates, sulphates, and nitrates. The 
overwhelming bulk of the annual production of 
mineral wealth is derived fiom the sedimentarv 
cyde._ In addition, nearly aH of the phosphate 
deposits are derived &om this cycle by several 
processes of natural concentration of calcium 


phosphate fiom the very small percentage of 
phosphates in the water of the ocean. 

The distribution of rare elements in sediments 
generally follows the order of ionic potentials, 
modified by adsorption phenomena which ia 
many cases fix soluble ions to hydrolysate and 
oxidate sediments, thereby greatly reducinr 
the amounts of such poisonous substances ^ 
arsenic, copper, lead, and selenium which would 
otherwise have concentrated in the water of the 
ocean (t^. Ahrens, S. African J. Sci. 1945, 41. 
152). The retention also of a large amount of 
potassium (including mhidnnn and cssnun) in 
hydrolysate sediments and in soils is a process 
of very great hiochemical importance as a fector 
of soil fertility. 

Of stiU greater economic importance, however, 
is the formation of soils, especially there of 
agricnltnral and sylvicnltural value. The pro- 
cesses of weathering and leachias 
primatily concerned are closely related 
to those processes in sediment formation 
which result in residual sediments, 
hydrolytic products and, in part, the 
products of oxidation and reduction, 
under varions climatic conditions. The 
minerals and mineral assemblages in 
soils are therefore very closely akin in 
most cases to the corresponding assem- 
blages in sedimentary rocks. Kehitively 
coarse granular sands and silts are found 
as constituents of soil, representing the 
least soluble residnal constituents of 
weathered rocks, for example quartz, 
alkaline felspars, magnetite, ilmenite, 
and zircon (Hart, J. ^sric. Sci. 1941, 
31, 43S; 1942, 82,“ 373). These 

residual minerals, together with a 
greater or lesser amount of such typical 
hydrolysates as mcmimonUonitc (r. 
Tol. EH, 196a ; V. SSld), hydromicas, 
chlorites, LaoJitiife (r. Vol. VH, 953; 
m, 19to). hudrargilliti (r. VoL T, 
532a), and amorphous hydroxides and 
hydrosilicates of aluminium, as well as 
oxidates of iron and manganese, con- 
stitute the bulk of the inorganic 
material of nearly all soils, apart fiom 
subordinate amounts of calcium and 
magnesium carbonates, and in a few cases 
evaporation products such as chlorides or 
sulphates and bicarbonate generally of sodium 
(in alkaline soils). The finest fiactions of soils 
(the “ clay ” fractions), especially, seem to 
correspond closely to hydrolysate sediments. 

A most, important constituent of soils is water, 
usually very much in excess of the percentage of 
water in consolidated sediments. The “ bound ’ 
water in soils seems to derive many of its 
essential properties fiam its association with 
layer-lattice hydrolysate minerals, either enter- 
ing into their stmeturra or b^g oriented 
(polarised) at their surfaces (sse Hendricks and 
Jefierson, Amer. Alin. 1938, 836). 

One very marked feature in mort soils is the 
differentiation or “ zoning ” of the profile, 
resulting fixim translocation of organic matter, 
sesqnioxides, etc., hy percolating solutions, the 
production and decay of organic matter, diferent 
conditions of oxidation and reduction, difier- 
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ences in pH, and corresponding differences in phenoraenn of ion adsorption or ion exchange, 
leacliing and accumulation of the various phenomena which Iiavc heen^ found to bo closely 
constituents. related to ionic sizes and ionic potentials, a most 

The natiuc of the mineral asscmhlngcs cha- important factor being the similarity of radii 
racteristic of the finest materials in the different between univalent potassium and hydroxonium 
types of soils can only bo given in broad outline (H 3 O+) in such minerals ns hydromica. The 
as yet. The available data suggest that climatic fi.xntion of phosphorus in soils seems to bo closely 
conditions determine to a largo extent tho nature ndated to tho contents of free hydro.xidcs of 
of the end products in mature soils : thus, the tervalent elements (iron and nhnninium), wliich 
eluvialhorizonsof tho soils of moist temperature tend to form insoluble complexes with phos- 
and tropical zones are characterised b,v tho pro- phoric acid in acid soils. In less acid or alkaline 
dominance of clays of tho knoUnitc tj-pc, whilst soils, tho addition of phosphate may give rise to 
those of tho semi-arid and arid zones contain for the formation of insoluble phosphates, fluoro- 
the most part members of tho montmorillonito phosphates (Nagclschmidt ami Nixon, Nature, 
group (sec Table V, which is based on Hardy and 191-1, 154, -128), and hydroxyphosphates of cal- 
Rodrigues, Soil Science, 1939, 48, 301; licnd- eium. In the first process the degree of oxidation 
ricks and Alexander, ibid., p. Hbl ; Nagclschmidt, of the iron ions seems to be vcr.v important, ferric 
Desai, and Muir, J. Agric. Sci. 1910, 30, 039; iron causing fixation, and reduction to fc!Tt)us 
Sedletzky, Pedologj’, 1942, Pt. 3/4, Gl). The iron causing release of phosidioric acid, as in 
Red and Black Earths provide an example in corresponding processes in fresh water ecology 
which topographic conditions override the in- (Einsele, Archiv llydrobiologie, 1938, 33, 301 ; 
fluence of climate. cf. Glentworth, Trans. Ro}'. Soc. Edin. 1911, 61, 

1-19), In tho second process the i)rescnee of 
Table V. — Ciiauacteiiistio Clay Mikeuaus nvailablo fluorine may prove to l)c a factor. 

OF Diffekekt Son. TYrr.S. • geochemistry of nitrogen in soils is with- 

out doubt intlucnccd by the clooe .similarity in 
ionic radii of the univalent cations of ammonium 
and potnssimn in the processes of base exchange. 
Important problems nrendated to tho activity 
of molybtlcntim and possibly vanadium in the 
fixation of atmospheric nitrogen by nitrogen- 
fixing bacteria. According to other gc'ochcmicnl 
cxi>ericnce, the vanadium is probably eoncen- 
frated in minerals of hydrated ferric iron, and the 
molybdenum possibly in the soil minerals of 
tervalent or (juadrivalent manganese. Tho 
mobility and migration of manganese and molyb- 
denum are dependent to a great extent upon 
their .stage of reduction or oxidation. 

Reduction and oxidation potentials 
generally are of verj' great importance in tho 
geochemistry of minerals under various con- 
ditions. It is clearly understood that thoelcctro- 
A factor of verj' great importance, mostly n.s chemical potential of reduction to tho metallic 
yet unknown, is tho di-stribution of “ trace ” state is tho factor that decides which elements 
elements in soils, in relation to tho original rock can bo expected to occur in tho metallic state 
materials and tho special processes of weathering in terrestrial materials. Mincralogical experi- 
and zoning involved. As manj’ trace elements, enco shows that a red\iclion potential of about 
such as boron, fluorine, selenium, cobalt, copper, -t-0T3 v. (lead) is the limit for tho occurrence of 
molybdenum, manganese, etc., aro of groat im- free metals as terrestrial minerals formed from 
portence in tho production of crops and live aqueous solutions. It is po.ssiblo that tho 
(^fson, Chein. and Ind. 1914, 138; similarity in tho reduction potentials of tho three 
htchell, Proc. Nutrition Soc. 1944, Vol. I, elements silver, gold, and tellurium is a reason 
No. 3), it \vill bo necessary to study tho geo- for their frequent very close association in 
cnemistry of trace elements throughout the hydrothermal ore deposits. In tho mineral as- 
prodesses of weathering and in tho assemblages semblages formed from anhydrous melt.s, as in 
0 sml minerals. An observation of general meteorites, tho usual limit is given by the 
mportance is the considerable concentration of reduction potential of iron. 

1 tho inorganic Reduction-oxidation conditions not onl^' in- 

sppm + L fluence tho occurrence of uncombined metallic 

elpm^ concentration of trace elements, but are also of tho utmost importance 

spTinf'!rp^ j ® geochemistrj' of elements existing in 

CHliar! ’ 1 c ’i - 1936, 27, 1100; more than one stage of ionisation. This will bo 

669 194^*^ belvig, U.S. Bur. Min., Tech. Paper clearly understood by a consideration of some 
Tbp fnt r f examples. Bivalent iron has a radius (0-82 a.) 

Bium -nb ^ elements, sucli as potas- close to that of magnesium (0-78 A.), while tho 

and in nitrogen, and calcium, in soils radius of tciamlont iron (0'G7 A.) like that of 

manv invp ^leen tho subject of tervalent vanadium (0-G5 a.) and tervalent 

abilitv nf * fixation and avail- chromium (0-C4 A.) is very closo to that of tor- 

j potassium in soils is related to valent aluminium (0-67 A.). Therefore the geo- 
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chemistry of these elements in the tervalent 
state, especially in the sedimentary and soil 
cycles, is characterised by the insolubility of 
their hydroxides and by their association with 
aluminium compounds. However, quinque- 
valent vanadium (r about 0-4 A.) and sexavalent 
chromium (r about 0-3-0-4 A.) have such a high 
ionic potential that they form rather soluble 
complex oxy-acid anions. Therefore, in a suffi- 
ciently oxidising environment, vanadates are 
formed which are isomorphous with phosphates ; 
and also chromates which, like the vanadates, 
are much more mobile in nature than the oxygen 
or hydroxyl compounds of the tervalent 
chromium ion. Sexavalent molybdenum (in 
molybdates) is much more mobile than quadri- 
valent molybdenum. 

The highest oxidation-potential in terrestial 
mineral associations (nitrates, dichromates, per- 
chlorates, and iodates) is encountered in the 
nitrate soils and nitrate sediments of the nitre 
deposits of Chile ; high oxidation-potentials are 
also encountered near the surface of certain ore 
deposits in hot climates, giving rise, for instance, 
to vanadates, molybdates, and chromates. 

These differences in the glochemical behaviour 
of polyvalent elements are without doubt of 
great importance for geochemical processes in 
soils. Processes of reduction and of oxidation 
often seem to be associated with bacterial 
activity. As an example of such a geochemical 
process of reduction, the formation of hydrogen 
sulphide, iron sulphide, and free sulphur by 
reduction of aqueous sulphate solutions by sul- 
phur bacteria may be mentioned; and as an 
example of the oxidation process, the precipita- 
tion of ferric hydroxide by oxidation of the iron 
ions in ferrous bicarbonate solutions, the increase 
in ionic potential from ferrous to ferric ions 
causing the precipitation of ferric hydroxide. 
Very noticeable, through the formation of multi- 
coloured mineral associations, are the processes 
of oxidation and reduction connected with the 
weathering of ore deposits, especially of sul- 
phide ores. In the “ oxidation zone,” above the 
level of ground water, ferric hydroxide or hema- 
tite is formed, as well as salts of copper, lead, 
and zinc with oxy-acids, e.g., malachite, diop- 
tase, cerussite, anglesite, p 3 Tomorphite, vanadi- 
nite, wulfenite, and smithsonite. Below the 
oxidation zone, below the level of ground water, 
the solutions containing soluble salts of precious 
metals, e.g,, silver, are subject to reduction by 
sulpludes of base metals such as iron and zinc, 
and in this “ cementation zone ” the precipita- 
tion of metallic silver and copper, and sulphides 
and thio-salts of silver and univalent copper 
(e.g., AgjS, AggSbSg, CUgS, CUgAsSg, and 
many others), is observed. In the cementation 
zone remarkable concentrations of valuable 
metals, derived from large volumes of oxidised 
poorer ores, are found, and this zone was there- 
fore preferably subjected to mining operations 
in ancient times. Much of the wealth of the 
Spanish colonies in America, for example, has 
been derived from the silver ores accumulated 
in cementation zones. 

A number of important minerals and mineral 
assemblages owe their origin to processes of 
itietamoTphisTti, Under suitable geological con- 


ditions, involving considerable alterations of the 
two well-known physico-chemical factors, tem- 
perature and hj'drostatic pressure, and a third 
factor, mechanical strain, important alterations 
of minerals, mineral assemblages, and rooks can 
take place ; this is known as metamorphism. 
Most conspicuous as a rule are those alterations 
which take place when low- temperature and low- 
pressure assemblages (e.g., of sedimentary rocks) 
are subjected to elevated temperatures and 
pressures by heat from neighbouring masses of 
magma (contact metamorphism), or strain and 
heat derived from geotectonic movements such 
as mountain folding (regional metamorphiam or 
dynamo metamorphism), or the combined effect 
of these two processes. 

By contact metamorphism of hydrolysate 
sediments, anhydrous aluminium minerals, such 
as andalusite (v. Vol. I, 3706), cordierite (v. 
Vol. VII, 17d!), corundum (v. Vol. Ill, 3986), and 
spinel (v. Vol. I, 264c, 284c), may be formed, and 
carbonate sediments may give rise to various 
silicates of calcium and magnesium. In many 
cases the mineral assemblages of contact meta- 
morphism, furnish fine examples of equilibrium 
assemblages in accordance with the phase rule. 

In regional metamorphism the conditions of 
mineral formation are somewhat more com- 
plicated since, besides variation of temperature, 
variation of pressure is a factor of very great 
importance, giving a large variety of compounds 
containing water or hydroxyl in the products. 
As an example, hydrolysates transformed into 
different types of shales, phyUites, mica schists, 
and aluminious gneisses may be mentioned. A 
remarkable feattme of high-pressure assemblages 
is the prevalence of very dense minerals such as 
kyanite (v. Vol. VII, 155c) and pyrope (v. Vol. V, 
4296 and c). 

In very many cases metamorphism leaves un- 
changed the buUc chemical composition of 
mineral assemblages and rocks (with the excep- 
tion of volatile constituents such as water and 
carbon dioxide), affecting only the distribution 
of constituents between the different individual 
minerals. There are also, however, many cases 
in which substantial chemical additions and 
losses take place, both in contact metamorphism 
and regional metamorphism, such as the trans- 
formation of limestone into lime-iron silicates 
or of dolomites into magnesite. Such a process, 
involving chemical transformation of one or 
more minerals by reactions with solutions^ or 
gases, is called metasomatism, a process very im- 
portant for the formation of many useful ores 
and other mineral materials outside the scope of 
contact or regional metamorphism. Many im- 
portant deposits of zinc and lead ores have been 
formed by metasomatic transformation of lime- 
stone and dolomite. 

Metasomatic processes of very great geo- 
chemical importance are involved in “ fel- 
spatisation ” or “ granitisation ” in areas of 
combined contact and regional metamorphism, 
processes whereby the hydrolysate sediments 
such as shales can be transformed into gneisses 
and granite-like rocks (Goldschmidt, Viden- 
skapsselskapets Skrifter, I, Mat. Naturv. Klasse, 
Kristiania, 1920, No. 10). 

The physico-chemical laws of mass-action can 
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be applied to tho processes of niclssonwtism. 
^requiring a certain minimum concentration of 
tho invading solutions to cfTcctuntc mineral 

transformation. , . , . i 

The geochemistry of minerals is thus controlled 
by the atomic or ionic properties of the elements 
involved, and also by geological on%-ironmcnlnl 
factors such ns temperature, pressure, and strain, 
and their changes, rcduction-o.vidntion poten- 
tials, diffusion of solutions and gases, and bio- 
chemical processes. 
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MINERVITE, A hj'drntcd phosplintc of 
aluminium with potassium, of vnrinblc com- 
position, derived from organic remnins nnd from 
cave-deposits of bat-gunno. It occurs n.s while, 
earthy or pulverulent masses, typical aiiaU'sc.s 
mcludmg PjOj 39, AljOj 20, K„0 7, H„0 29%, 
a small quantity of ammonia. Tho mineral 

e^es as a valuable fertiliser, though produced 
only on a small scale. 

D. W. 

^ l'’j'cnch minors’ term of local 
tn or, • opphed both to an igneous rock nnd 
for n name is used in petrology 

< fine-grained member of tho lanipro- 


and^Lwv^^’ essentially of orthoclnse 

of usually occurring in tho form 

as a^oaTmSr' locally 

” or oolitic 

provide th^^k ^orraine and Luxembourg 
provide the bulk of the raw material for the 
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French nnd German steel inclustric.s. Tiic.se ores 
probablj* rank .“ccond only in importnneo to tho 
hematites of the Lake Superior region. Tlioy 
arc sedimentary dcpo.sits, interstrntified with 
shales, limej;toiie.s, nnd sandstones of Jurassic 
age, tho ore being composed of soft, earthy, 
oolitic limonitc nnd subsidinrj- liomntitc, with 
some siderite nnd the iron silicate, cimmositc. 
The grade of ore is low, averaging Fc .30, P,Os 2, 
Cad r>-12, SiOj 7-20%. About 60 million 
tons of “ minettc ” ore arc produred annually, 
nnd the reserves are e.stimntcd nt 6,000 million 
tons. 

D. W. 

MINIOLUTEIC ACID (r. Vol. V. 62d). 

MINIUM. An o.xide of lend, PbaO^, 
fnittid only in mns«ive, earthy, or powdery form, 
and in tnirroseopie rrj stniline scales of unknown 
.symmetry. Il.s colour is scarlet nr orange-red, 
nnd the streak omnge-ycllosv. p-l-O, hardne.ss 
2L TJie mineral liecomes black on beating, but 
the original roloiir is re.«tored on cooling. It i.s 
.snbible in hydrorlilorie acid with evolution of 
rblorine. .Minium is a comparatively rare 
serondarj* mineral derived by the alteration of 
galena nnd eerii.'-sitc, nnd is oceasionnlly found 
ns n coating on nneient leaden objerf.s. 

Hie nrtifii’i.'il n'd lead used ns a pigment has 
the same romj>o'<ition ns minium. It may be 
prepared by healing lend monoxide in air nt duU 
red heal ; minute erj'.stnls can Is- grown by 
beating lend monoxide or earbonate in hot con- 
rentrnted pota.ssiiim livdroxido solution. 

D. \V. 

MINOFER (r. Vol. I. l-KV;). 

M INYAK NYATOH (e. Vol. 11. .‘ItV). 

MIOTINE (e. Vol. 11. 200//). 

■ MIRABILITE, Glauber’s salt. A hydrous 
sodium sulphate, Na.SOi.lOHjO, crystallising 
in the monoclinie system, sometimes in long 
needic-like forms, but ii.sunlly found ns efllores- 
cent emst.s. It is idcntiral with tho artificially 
produred Glauber’s salt or rnl ynirnhilf of 
Glauber. Pos.ses.scs a jierfect front pinneoidnl 
cleavage, is wliite in colour, nml is readily 
Fohiblo in water with a cool nnd then feebly 
saline and liitter taste, p 1-18, hardness ]j-2. 
Mirabilitc loses its water rapidly in di^* air nnd 
cnimbles to powder. It is deposited from saline 
waters in arid regions, especially during the 
winter months, nnd is extracted from tlic con- 
centrated brines of bitter lakes. ICxteiisivo 
harveatnble deposits occur along tho shores of 
the Great Salt I..nko nnd tho Gulf of Knrnbngn?. 
(Ca.spinn Sen). Tho mineral is often n.ssorintcd 
with halite nnd gypsum, nnd may occur in lake- 
bottom deposits interstrntified with opsom salts 
nnd sodium carbonate. 

TJio annual world production of natural sodimn 
Bulpliato exceeds 60,000 tons, but the natural 
compound is now largely displaced by salt eako 
(Na«SO.,) manufactured from salt. Artificial 
Glauber’s salt is made from salt cake. Tho 
anhydrous sulphate is used extensively in tho 
ninmifncturo of wood pulp for Kraft paper, nnd 
in making rayon, textiles, heavy chemicals, 
glass, dyes, soap, paint, etc. ‘Tho Jiydrous salt 
is employed in d 3 'oing and ns a medicine, 

! especially for cattle. Mirabilitc is dehydrated 
i for shipment as “ crude salt cake,” which can bo 
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dissolved in water andjecrystallised in the form 
of Glauber’s salt. 

References . — “ Industrial Minerals and Books,’’ 
American Institute of Mining and Metallurgical 
Engineers, New York, 1937, Chap. XL, by B. C. Wells 
(brief rteunifi and bibiiography) ; P. M. Tyler, 

Sodium Sulphate,” 11 .S. Bur. Mines, Inf. Giro. 6833, 

D. W. 

MIRBANE, ESSENCE OF, Myrhane* 
essence of, old names for nitrobenzene (Vol. I, 
6766). 

J. N. G. 

MISCHMETALL («. Vol. 11, 5166). 

MISCIBILITY OF LIQUIDS (®. 

Phase Rtjlb). 

M ISO (v. Vol. V, 59c). 

MISPICKEL (usually Imown as Arseno- 
pyrite, or Arsenical Pyrites). A mineral con- 
sisting essentially of iron arsenide-sulphide, 
FeAsS, but with cobalt usually replacing a part 
of the iron. High-cobalt varieties are known 
as glaueodot. It has been shown recently that 
arsenopyrite is not orthorhombic, as formerly 
considered, hut monoclinic, or perhaps triclinic. 
Crystals prismatic, either long or short, the 
prism zone being often striated vertically and 
the domes grooved horizontally ; twinning pro- 
duces pseudo-orthorhombic forms, star-shaped 
trillings, and repeated twins, as in marcasite. 
The mineral commonly occurs in granular or 
massive form, and when not tarnished it has a 
silver-white colour inclining to steel-grey, with 
a dark greyish-black streak. It is liable to 
tarnish to a pale copper-colour on exposure, 
and has a bright metallic lustre. Under the ore- 
microscope, in polarised light, the mineral ex- 
hibits strong anisotropism. When heated on 
charcoal or struck with steel it emits a character- 
istic garlic odour, p 5-9-6-2, hardness 6^-6. 

Arsenopyrite is the most important source of 
arsenic. It is frequently found in tin and 
tungsten ores, and in many gold, silver, copper, 
lead, and zinc deposits, the most notable being 
that of Boliden in Sweden, which is alone 
capable of supplying enough arsenic for the 
whole world. About 50,000 tons of “ white 
arsenic ” are normally produced annually as a 
hy-product of smelter smoke from arsenical ores 
containing arsenopyrite and other less common 
arsenic minerals, such as enargite. Sweden, 
France, U.S.A., and Mexico are the chief pro- 
ducers of arsenic. 

Arsenic is principally used in the form of 
white arsenic, or arsenious oxide, ASgOg, which 
is widely employed as a weed killer and for the 
manufacture of insecticides and wood and 
leather preservatives, glass, dyes, and pigments. 
Metallic arsenic is alloyed with lead in shot 
metal. 

D. W. 

MISTS, PARTICLE SIZE I N (u. Vol. IV, 

956). 

“ MITIGAL ” {v. Vol. VII, 693d). 

MITISGREEN, Schweinfurt Green (Vol. I, 
478a). 

J. K G. 

* The origin of Mirbane is obscure ; the derivation 
IB not given in the leading dictionaries in the British 


MITRAGYNINE AND ALKALOIDS 
OF MITRAGYNA SPECIES. Thebotani- 
cal problem of the Mitragyna species (Fam. 
Rubiacese, sub-group Giwfliondidex) is compli- 
cated, and it seems doubtful whether all bases are 
traced from the correct source. According to 
Eaymond-Hamet and MiUat (c/. Bull. Soi. 
Pharmacol. 1933, 40; 693, with interesting 
botanical details), four Asiatic and two African 
Milragyna species are known ; 

1. M. parvifolia Korthals. 

2. M. rotundifolia 0. Ktmtze (syn. M. diversi- 

folia Havil.). 

3. M. speciosa Korthals. 

4. M. tuhulosa 0. Kuntze. 

5. M. inermis 0. Kuntze (syn. M. africam 

Korthals). 

6. M. stipulosa 0. Kuntze (syn. M. macro- 

phylla Hiern). 

Under the name of “ Kratom ” the leaves of 
M. speciosa are chewed as a narcotic in Siam by 
habitues, who, like the Coca addicts in S. 
America, are stated to be able to endure great 
fatigue in great heat (T. A. Henry, “ Plant Alka- 
loids,” 3rd ed., Churchill, 1939, p. 623). The 
bark of M. africana is used in Senegal as febri- 
fuge. For the pharmacology of mitragynine, 
cf. Grewal (J. Pharm. Exp. Ther. 1932, 46, 261), 
and for mitrinermine, cf. Perrot, Raymond- 
Hamet, and MiUat (BuU. Sci. Pharmacol. 1936, 
43, 694). None of the mitragyna bases is of any 
practical use for medical purposes. 

Mitragynine, C22H30O4N2 (or possibly 
^22*^82^4^2 )’ isolated by Field from 
ill. speciosa (J.C.S. 1921, 119, 887). It was re- 
extracted (yield 0-2%) and re-investigated by 
Ing and Raison {ibid. 1939, 986). Mitragynine 
is an amorphous, colourless solid; it distils 
unchanged at 230-240°/5 mni. ; m.p. after 
distiUation, 102-106°; it is a monoacidic base 
(like all mitragyna alkaloids), yielding an amor- 
phous monomethiodide, m.p. 211-6°. The 
picrate forming orange-red slender needles from 
methanol, m.p. 223-224°, is the only salt suit- 
able for the initial purification of the alkaloid; 
hydrochloride, rhomb-shaped leaflets, m.p. 243° ; 
hydrogen fumarate cream-coloured felted mass of 
needles from methyl ethyl ketone, decomp, 
between 190° and 200°; cinnamate, m.p. 155°. 
Mitragynine contains three methoxyl groups; 
by the action of alkali and methanol it is con- 
verted into an amphoteric monocarboxylic acid, 
CgjHgsO^Ng, m.p. 280°, and a basic substance, 
C23H34OSN2, regenerating the original base 
with alcoholic hydrogen chloride and yielding 
the amphoteric acid on further treatment with 
alkali. By simply methylating this amphoteric 
acid, mitragynine is not regenerated. Dehydro- 
genation with selenium and zinc-dust distiUation 
yielded no definite results. Besides mitragynine, 
a second amorphous base, with an amorphous 
picrate, was obtained from the same plant 
(yield 0-27%). 

Mitraversine, C22H26O4N2, isolated from 
M. diversifolia (Field, l.c.), crystaUises from 
methanol, m.p. 237°. The hydrochloride forms 
rhomb-shaped leaflets, m.p. 208-210°. Mitra- 
versine contains two methoxyl groups. Ray- 
mond-Hamet and MiUat (J. Pharm. Chim. 1937, 
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[viii], 25, 391) have isolated from the same plant ! 
an alkaloid with m.p. 2G3-5-2C-l-5°, with abont I 
the same molecular formida ns Field’s compound. 

Rotundifoline, CnjHojOjjNj, [a]J,® -t-12{“j 
(c=2-14, in chloroform), isolated from M. 
TolundifoUa, j-icld about 0-00,'5% (Barger, Dyer, 
and Sargent, J. Org. Clicm. 1939, 4. 4 IS), 
crystallises in slender glistening prisms from 
methanol, m.p. 233-234°, soluble easily in 
chloroform, moderately in acetone, ctliyl 
alcohol, and benzene, and sparingly in ether. 

Mitraspecine, CjsHacOjN,. was isolated by 
Denis (Amcr. Clicmr Abstr. 1939, S3, 1741) from 
M. speciosa ; it forms monocliiiic platelets from 
ethyl alcohol, m.p. 241-245°, [n]" -59-15° (in 
chloroform), soluble in eth}'! alcohol, benzene, 
and acetone, but almo.st insoluble in ether. The 
picrate has m.p. 130°. hlitraspceine eontnin.s 
three methoxyl group.s. Tho baric of ..If. fprrinsn 
jdelds 6% of tho alkaloid, in contrast to the 
0-2% content of tho wood. 

Mitrinermine, [a]},’ —24°, was 

first isolated by Raymond-Unmet and hlillat 
from if. intrmis (Compt. rend. 1934, 199, 587) 
and from if. slipitlofn (J. Pliarm. Cliim, 1934, 
[viii], 20, 677). It ciyBfalli«cs in fine needles 
from acetone, m.p. 215-210°, and is very soluble 
in the usual solvents ; it contains two methoxyl 
groups. Rayraond-llamct (Bull. Sci. I’lmnnn- 
col. 1940, 47, 194) has identified tho alkaloid 
crossoptme (from Cronooptrri/x spp.) with 
mitrinermine. Barger, Dyer, and Sargent (hr.) 
have isolated mitrinermine from if. TotundifoUa 
(yield 0-03%) and examined its absorption 
spectrum; they have also found that it is 
identical with rhjnchophylUnc, which Kondo 
(Amer. Chem. Abstr, 192S, 22, 3100) isolated 
from Ourouparia rhjnchophijUO' Similarly to 
mitragyrino, mitrinermine yields ly nlkalino 
hydrolysis an amphoteric acid which, when 
methylated, does not regenerate the original 
base. 


Mitraphylline, CjiH^oO^Nj. [a]“ -7-7° (in 
chloroform) was isolated by hliehicls from what 
was believed to bo if. macrophtjUa lliern. (.-Imcr. 
Chem. Abstr. 1920, 20, 904 ; 1932, 20, 3070), but 
was later found to bo Adina rubroslipulatn {ibid. 
1936, 30, 7780) ; it is therefore closely related to 
themitragyna allmloids {cf. Denis, ibid. 1928, 22, 
301). It crystallises in fine needles from acet-onc, 
m.p. 202-263°. 


Authentic if. macrophjUa was extracted 1 
thesis. University of Par; 
1930). Raymond-Hamet and hlillat have d 
“°“trated (Amcr. Chem. Abstr. 1935, 2 
133) that tho alkaloid of this plant is initrinc 
mme; they have also reinvestigated hlichic 
specimen of mitraphylline {ibid. 1030, 30, 137 
M are of the opinion that it is the mon 
e noxy derivative of mitrinermine. An u 
in o-lkaloid is also known to bo prose 
. parvifolia Korth., but details are not givi 
^^“P^.Pharm. J. 1907, 78, 463). 
uttle 18 known about tho eonstitution of tl 
bases; no doubt they are indol 
carrying one or several motliox 
“r NM e-groups, and they a 
yl esters of unknown amphoteric acids. 


Sehl. 


MITSCHERLICH PULPS (r. Vol. IT, 
401c). 

MITTLER'S GREEN is Guignet’s Green 
(Vol. Ill, 1076 ; IV, 279r) or a mixture contain- 
ing this pigment and harium sulphate. 

J. N. G. 

M IXED CRYSTALS (r. PnAsr. Rtri.n). 

MIXTURES, AZEOTROPIC (r. Vol. IV, 
516). 

MKANYI FAT (MSAMBO FAT) is tho 
hard white fat (m.p. lO-Iir) obtained from Ibo 
.‘ii'cds of the FnBf .African tallow tree (Alton- 
blarhin MuhUnnnuii Fngl. (syn. Sli'nro'b'ndrnn 
sUiblniannii) (Fnm. Gultiferm). It is u«ed locally 
by the native.s for edibli- purfioses, and would bo 
.suitnbln for the manufarture of .soap or stearim*. 
The fatty acids ronsists of (approximately) 
palmitic arid .3, stearic acid 53, and oleic acid 
44%. Tlie fat it ‘-elf consists cbiclly of oleo- 
dislcariii (r)3-().'i%, probably entirely tho ft- 
oleo-no'-distearin) and ili-olcosfe.arins, with a 
very Uttle (probably not over l-5%) of pahnito- 
stearins (r/. llci-ie, Arb. Kai“'’rl. Gesumlhoit- 
samt, 1890. 12, 5(0; Krati-e and Dic.^sclhorst, 
Trojumj)!!. 1909, 13, 280 ; Anon., Bull, Imp. Inst, 
1929, 27, 455; Ililditeh ami Kab'forc. .I.S.C.I. 
1931.50. (OSt; 19.33, 52. IOIt). 

.Similar fats are nbtainablo from “ Ivisidwc " 
4!i-cd« lierivcfl from A. Jlnribtiudn Oliv. (“ Boii- 
andja fat "), from llie seeds ot A.Jloribnnd/t var, 
Ki.songbi, Verm. (Pieraert.s and .Adriaens, 

Mat. gna'^si-s, 1929,21,8510,8539; .-Anon.. Bull. 
Imp. Inst. 1929, 27, -I.O.A; Meara and Zaky, 
J..S.C.1. 1910, 59, 2.3), from .-1. parrijiont (Meara 
and ZnUy, /.r.), and from the smis of A. Waim-f 
Pierre (Adriaen.s, I,eH Mat. Grasses, 1933, 25, 
9931, 9901). 

E. L 

M.N.T. (r, Vol. IV, 4006). 

MOCHA-STONE (r. Vol. I. lOla). 

MOCHYL ALCOHOL (r. A'ol. I, 092d), 

MODDITE (v. Vol. IV, 5196). 

MOEBIUS PROCESS (r. Vol. VI, lOSa). 

MOHAIR (r. Vol. IV, 121c), 

MOHAWKITE (t-. Aol. IV, 55c). 

MOHR! (r. A'ol. I, 123fi). 

MOHUA BUTTER (r. Vol. I. 053u). 

MOIRE METALLIQUE. Tin-plato (r. 
Vol. A’ll, 52c), tinned slicct iron, neqnirc.s a 
variegated erystallino nppearnnro by- n beat 
treatment followed by- etching with aeid.s. Tiio 
sheet is licntcd at about 230°c. until the surface 
just begins to flow, cooled in water, and then 
dipped momentarily' into diluted ayiia regia 
{c.g., HC 1 :HN 03 ;H ,0 = 1:3;40). In Ilabc- 

nicbt’s'D.S.P. 300599, tuo shoot is quickly washed 
in 4% sodium hydroxide solution beforo otebing. 
Finally’ it is washed in water, dried, and 
lacquered. 

J. N. G. 

MOISSANITE. Naturally occurring sili- 
con carbido, SIC, crystallised in tho rhombo- 
hcdral sy’slem, and identical with tho artificial 
product knowm as carborundum. As minute, 
green, hexagonal plates, associated with micro- 
scopic diamonds, it was dotoctod by’ Henri 
Moissan (1852-1907) in the motoorlc iron of 
Cafion Diablo in Arizona. 


D. J. S. 
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MOLAR FRACTION (or MOL FRAC- 
TION). 

Definition . — ^If a system contains more than 
one kind of molecular species, the proportion of 
any particular constituent in the mixture can 
be expressed by the molar fraction, which is 
simply the ratio of the number of molecules (or 
g.-mol.) of that constituent to the total number. 

Thus, if the mixture contains molecules (or 
g.-mol.) of A, wb molecules of B, Wo molecules of 

C, etc then the molar fraction of A (N^) 

in the mixture is : 

„ ^ Wa 

' ^ ‘ni,+nB+na+ ■ . . 

A similar expression gives the molar fraction 
of B, C, etc., and, of course, the sum of aU the 
molar fractions is rmity. 

Na-J- Ab-F No-f- . . .=1. 

Molar fraction is often the most convenient 
unit for expressing the composition of a mixture, 
and is clearly the most fundamental. It is 
commonly used in the theory of the “ osmotic ” 
(or “ colhgative ”) properties of solutions ; for 
example, in dilute solutions the lowering of 
partial vapour pressure, the osmotic pressure, 
the elevation of hoihng-point, and the depression 
of freezing-point are all approximately directly 
proportional to the molar fraction of solute (or, 
if more than one solute is present, to the sum of 
the molar fractions of aU the solutes). Molar 
fraction is employed very extensively in the 
modem thermodynamic theory of solutions 
(see, for example, E. A. Guggenheim, “ Modem 
Thermodynamics,” London, 1933). 

Molar fraction is, of course, related in a simple 
manner to the practical units of concentration, 
since the mass (ota) of Ua molecules of molecular 
weight Mi, is given by 

mi=niMilN, 

where N is Avogadro’s Number (the number of 
molecules in 1 g.-mol., i.e., 6-06x lO^^). Hence, 
if the composition of a mixture is known in 
mass units, the molar fractions can be obtained 
from expressions such as ; 

uia/Ma 

^ milMi+mslM:B+mclMo+ . . . 

Similarly, by means of the gas laws the molar 
fraction of a constituent of a gaseous mixture 
can be calculated from a knowledge of the partial 
pressures of the various components. 

J. A. K. 

NIOLECULAR beams (or molecular 
rays) are streams of molecules moving through 
a high vacuum in a narrow bundle, with thermal 
velocities. A molecular beam is produced by 
letting molecules escape through a small orifice 
into an evacuated container, and placing a screen 
with a small opening across their path so that 
only a narrow bundle of molecules can pass 
through. The first experiments with molecular 
rays (by L. Dunoyer, Le Radium, 1911, 8, 142) 
were undertaken to provide direct evidence for 
the kinetic theory of gases. Later the method 
was improved and used by O. Stem and his 
school to study the deflection of atoms and mole- 
cules in magnetic fields, and for other problems. 


In only a few other laboratories has work on 
molecular rays been taken up ; prominent 
among them is that of I. I.Rabi and collaborators. 
The method of molecular beams and earlier 
results are described by R. G. J. Fraser, “ Mole- 
cular Rays,” Cambridge University Press, 1931. 

Production. — The method of producing 
molecular beams depends on the character of 
the substance in question. Substances which 
have too low a vapour pressure at room tempera- 
ture (e.g-, metals, salts, etc.) must be heated in 
an “ oven,” a closed container with a narrow 
opening (generally a slit) through which the 
vapour molecules can escape. The oven is 
placed inside a larger container in which a high 
vacuum is maintained. A second slit, the 
“ collimator,” is placed some distance from the 
oven in order to allow the passage of a narrow 
bundle of molecules only. The other molecules 
are condensed on the collimator or the walla of 
the apparatus, or on special condensing surfaces 
cooled, e.g., with liquid air. The coUimation is 
often acldeved in two steps, first by a “ fore- 
slit ” which is placed at about 1 cm. from the 
oven slit, and then by the collimator proper at a 
greater distance. The foreslit forms the only 
opening in a partition wall which divides the 
apparatus in two compartments, which are 
exhausted by separate pumps. This is done 
because the oven generally gives off some 
gaseous products, and the beam would suffer 
considerable scattering if it were to run in this 
gas for its whole length. With the arrangement 
described, the beam passes into a higher vacuum 
on going through the fore-slit. 

Gases (or generally substances with a sufficient 
vapour pressure at room temperature) need no 
heating, yet the opening through which they are 
allowed to escape into the vacuum is generally 
called the oven slit. The use of a fore-slit and 
a powerfid pump for removing those molecules 
wWch do not form part of the beam is essential. 
For special purposes the oven slit may be cooled 
or heated, in order to get a higher or lower 
average velocity of the molecules. Beams of 
atomic hydrogen or oxygen have been produced 
by passing the gas through an electric discharge 
tube immediately before it arrives at the oven 
slit. 

As the pressure of the gas or vapour in the 
oven is increased the beam intensity at first 
rises proportionally with the pressiue. If, 
however, the pressure is raised beyond the point 
where the mean free path is equal to the rvidth 
of the slit, collisions between the molecules in 
front of the oven sUt become frequent and the 
beam gets broadened. (This phenomenon is also 
described by saying that the escaping gas forms 
a cloud in front of the oven sht.) In addition, 
the intensity loss due to scattering of the beam 
in the gas between oven slit and fore-slit in- 
creases with increasing pressure, with the result 
that the beam intensity passes through a maxi- 
mum. The best conditions for producing 
intense molecular beams have been laid down 
by O. Stem (Z. Physik, 1926, 39, 751). 

Detection. — For the detection of molecular 
beams, several methods have been developed. 
In the case of solids a receiving plate (of polished 
metal or glass) may be placed across the beam. 
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A Tisiblc deposit is formed by tlio condensing 
molecules ; the intensity of the benin niny be 
estimated— rather inaccuratcl3-— from the time 
(a few seconds to several hours) which cla]>scs 
before the deposit becomes visible. If the beam 
is very weak, the yet invisible trace can be 
“ developed ” by admitting, for instance, mer- 
cury vapour (cigar smoke, too, has been fried 
with some success). Alternatively, the collector 
can be sensitised by depositing a thin layer of 
metal before exposing it to the beam. The 
collector must, in general, bo cooled, for instance 
by liquid air, since molecules arriving one by 
one at a surface of a dilTcrent material tend to 
evaporate again unless they rnect another 
similar atom with which they can form the 
rudiment of a crystal lattice. At tcmjKTatun'a 
such that this re-evaporation is njrprcciable, the 
time required to form a visible trace increases 
rapidly with dccrc.asing beam-intensit\-. Single 
atoms also tend to migrate along the surface, 
and ver3'finc traces thercb3’ become both blurred 
and weakened. For these various reasons the 
condensation of the beam on a collecting plate 
has now been practicalh* abandoned ns a 
method of detection, but the stud3' of this 
phenomenon offers interesting information 
regarding the interaction of the l>cam molecules 
with the receiving surface. 

A visible trace can be obtained from Ijcanis of 
atomic hydrogen, b3‘ letting them imjjingo upon 
a surface of molybdenum trioxidc, which thcrcb3’ 
becomes reduced and blackened. Simiiarl3‘, a 
target of litharge can bo used for atomic o.xygcn. 

Beams of gas molecules or atoms can bo 
measured quantitativcl3' be observing the in- 
crease in pressure inside a closed container into 
which they arc allowed to enter throvigh a small 
opening. The pressure in this container rises 
imtil the number of molecules escaping through 
the opening (the receiving slit) equals the num- 
ber brought in b3' the beam. The equilibrium 
pressure is thus proportional to the beam 
intensity. B3’' moving tho receiving slit across 
the beam its inten8it3' distribution can be quanti- 
tetively explored. A ver3' Hcnsitivo manometer 
used in measuring the pressure rise, 
which is of the order of 10“® mni. of raorcur3', o*" 
developed an improved Pirani 
(hot-wire) manometer which allowed him to 
detect pressure changes of a few 10-® mm. To 
^ pressure fluctuations in the vnemim 

(winch are often man3’' times greater than tho 
pressure built up by tho beam) ho used two 
similar manometers connected to similar slits, 
one of which was placed away from the beam ; 
tne two manometers formed part of a Wheat- 
s one bridge in such a way that an equal jircs- 
ure change on both manometers gave no gai- 
anometer deflection. Tho receiving slit is 
diade fairly deep (like a slit cut with a 
f so as to delay the 

nf V molecules without impeding the entry 
nrpBQifr increases tho equilibrium 

required to establish 
k^n therefore important to 

nossiHn manometer ns small ns 

Ken ^ Manometers of less than 1 ml. have 

J. M. B. KeUogg, 1. 1. Rabi, N. P. Ram! 


803', Zaclmrias, Plysicnl Rev. 1939, 

[iij, 66, 728). A special t3'po of ionisation 
manometer has also been tried (I. Estermann and 

0. Stem, Z. Physik, 1933, 85, 135). 

A vcr3' elegant and sensitive method of detec- 
tion, first omplo3'cd b3' J. B. Taylor (ibid. 1929, 
57, 2-12) depends on tho fact that certain mole- 
cules, in particular those containing alkali ele- 
ments, become ionised if tho3' impinge on hot 
tungsten. A tungsten wire is placed in the path 
of the beam, and a negative electrode near or 
around tho wire serves to collect the ions given 
off. The current is proportional to the number 
of molecules which liit tho \virc imr unit time, 
and an electrometer or sensitive galvanometer 
permits the detection of vciy weak beams. Tlio 
scnsitivit3- 11103' further increased by letting 
the lieam condense on tlie cold wire for some 
time and tlicn observing tho ballistic deflection 
caused b3- the .sudden release of the accumulated 
amount on heating the wire. Certain molecules 
which are not ioni.scd ly pure tung.sten 11103' 1 k> 
detected if the wire is previously covered with a 
hyer of o.x3‘gen, whereby its work function is 
raised. 

AppHcntion. — The technique of molecular 
l>cam» has lieen applied to a great vnriot3' of 
problems. In the first in.stance the3' were used 
to verif3' in tho most direct manner tho Iwhanour 
of molecules a.s predicted bv* tho kinetic tlicoiy 
of ga.se.s. On increasing the pres.sure in the con- 
tainer tlirough which the beam paa,ocs, the beam 
intensity wa.s found to dccrea.so exponentially. 
From tfio rate of decrease, the mean free path 
of the moleciile.s could l>o calculated, Tho value 
found wa.M considerabl3' smaller than tho value 
calculated, r.y., from viscosit3' data. The rc.ason 

1. s that a veiy small angular deflect ioii is sufliciont 
to remove a molecule from the lieani, whcrea.s 
viscosit3' phenomena arc connected with large- 
angle deflections, for which the colliding mole- 
ciiie.s must approach more closel3'. Tho correct- 
ness of this intoriirctation is borne out ly tho 
fact that ver3' narrow beams have a shorter 
mean free jiath than broader ones. Attempts 
have nl.so been made to observe directl3' the 
angular distribution of molecules scattered from 
the beam ly collisions with gas molecules (of tho 
.same or a different kind), and tlirect evidence 
was obtained for the strong provalcnco of for- 
ward scattering, which had been deduced, c.g., 
from tho temperature depcndcnco of vi8COsit3' 
(F. Knnucr, ibid. 1932, 80, SO). 

Tlio Maxwell distribution of molecular 
velocities was another prediction of tho kinetic 
thcor3f which could bo tested diroctl3’ by mole- 
cular beams. Stern rotated tho whole evacuated 
container, and showed that tho deposit formed 
by tho beam on tho collecting plato is shifted 
and blurred to an extent corresponding to tho 
amoiuit by which tho collector moves during tho 
passage of tho molecules from tho collimator to 
tho collector. It is also possible to select mole- 
cules within a narrow velocity interval, b3’ 
passing tho beam through a system of tw'o 
rapidly rotating slotted wheels (somewhat like 
that in Foucault’s measuroment of tho velocity 
of light). By var3dng tho speed of tho wheel 
and observing what fraction of tho beam is 
passed, the velocity distribution can bo deter- 
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mined •with considerable accnracy, and is found 
to be in complete agreement with Maxwell’s 
prediction. 

Experiments on the reflection of molecular 
beams from sobd surfaces have revealed some 
very interesting phenomena connected -with the 
■wave properties of streams of moving particles. 
On the -whole, the assumption of the kinetic gas 
theory that molecules are reflected according to 
a cosme law (like light from a dull white surface) 
has been found correct. The reason is that even 
on the most highly polished surface there are 
irregularities much larger than the de Broglie 
wave-lengths of molecules muring -with Max- 
wellian velocities. The effect of these irregulari- 
ties is reduced at glancing incidence (when, for 
instance, a ground-glass disc shows some specular 
reflection of light) and for light molecules 
(helium, hydrogen), for which the wave-length 
is largest. Very ^ght specular reflection was 
indeed observed from polished metal at a 
glancing angle of a few minutes. 

Erom a cleavage surface of a lithium fluoride 
crystal (and to a lesser extent, from other alkali 
halides), however, an appreciable part of a 
beam of hydrogen or helium is reflected in 
mirror-like fashion. In addition, diffracted 
beams are observed, the direction of which agrees 
accurately -with that calculated from the proper- 
ties of the cross-grating formed by the top layer 
of atoms in the crystal lattice. By studying the 
diffraction of beams of helium from which aU 
molecules except those ■within a narrow velocity 
interval had been removed by rotating tooth- 
wheels (fi£e above) the de Broglie relation 
X=hjmv between momentum, mv, and wave- 
length A (where h= Planck’s quantum of action) 
was verified -with great accuracy (I. Estermaim, 
0. E. Frisch, and 0. Stem, ibid. 1932, 73, 348). 

The quantitative study of these reflection and 
diffiaction phenomena would no doubt enable 
fairly detailed conclusions to be drawn about the 
forces acting between the beam molecrdes on one 
hand and the crystal surface on the other. One 
result in this direction is the interpretation of 
certain irregularities observed in the reflection 
and diffiraction of beams of helium atoms on a 
surface of lithium fluoride. It had been 
observed that the intensity of the reflected beam 
varies in a very marked fashion if the crystal is 
rotated in its o-wn plane, and similar variations 
occur in -the di&acted beam. It was suspected 
that these irregularities occurred whenever one 
of the difeacted beams fell into the plane of the 
crystal, but the directions in which irregularities 
were actually foimd did not agree -with this idea. 
J. E. Leimard-Jones and A. F. Devonshire 
(Eature, 1936, 137, 1069) showed that quantita- 
tive agreement could be obtained if due attention 
was paid to the attraction between the surface 
of the crystal and the beam molecules, and con- 
cluded that there are at least two energy states 
for the helium atoms adsorbed on the cube face 
of lithium fluoride, the heats of adsorption 
being 57-5 and 129 g.-cal., respectively. 

The reflection of light molecules from crystal 
surfaces is essentially a wave phenomenon. 
TTre “ bumpiness ” of the crystal surface, due to 
its atomic structure, merely causes the appear- 
ance of diffracted beams, while the reflected 


beam (diffraction of zero order) remains com- 
pletely sharp. (A very sh’ght broadening in 
certain cases was traced to imperfections of the 
crystal.) With heavy atoms (zinc, cadmium, 
mercury) a “ classical ” type of reflection was 
observed (A. EDett and H. F. Olsen, Physical 
Eev. 1931, [ii], 38, 977 ; E. M. Zabel, Bud. 
Amer. Physical Soc. 1932, 7, 29; B. Josephy, 
Z. Phy^, 1933, 80, 755). Here the wave- 
length is so small that different difeaction 
orders are not resolved but appear as a broaden- 
ing of the reflected beam, which can be described 
in terms of reflection of elastic spheres from a 
corrugated surface. 

Perhaps the most important (certainly the 
most numerous) applications of molecular beams 
are those based on their deflection in magnetic 
fields. It was an early conclusion from quantiun 
theory that the possible orientations of molecules 
in a magnetic field are quantised, that is, that 
only a finite number of orientations are possible. 
In particular, for a system -with a momentum of 
/j/4w (such as, for instance, an alkali atom), two 
positions only exist, -viz. those in which the 
magnetic moment of the system is either parallel 
or antiparaUel to the magnetic field. If a beam 
of atoms of that kind passes through an in- 
homogeneous magnetic field in which the field is 
stronger, say, to the right of the beam and 
weaker to the left, then those atoms which are 
orientated parallel to the field are deflected to 
the right, whereas those -with the antiparallel 
orientation are deflected to the left. Stem and 
Gerlach were the first to show that a beam of 
silver atoms is indeed split into two distinct 
beams (Ann. Physik, 1924, [iv], 74, 673). This 
was direct evidence for the “ space quantisa- 
tion ” predicted by quant'um theory. According 
to classical physics, atoms -with all kinds of 
orientations should have been represented in 
the beam, and their deflection in the inhomo- 
geneous magnetic field should merely have 
caused the beam to be broadened. 

The magnetic field used by Stem and Gerlach 
was produced by an electromagnet, one pole 
piece of which had a sharp edge facing a groove 
in the other pole piece. Thus the field intensify 
varies rapidly from a high value near the edge 
to a low value in the groove. The beam is aimed 
so as to run parallel to the edge and fairly near 
to it. For accurate measurements it is necessary 
to know the field gradient accurately, which 
requires rather laborious measurements. Eahi 
suggested an alternative arrangement in which 
the beam is directed, at an angle, against the 
edge of a homogeneous field formed between flat 
parallel pole-pieces. On entering the field the 
beam passes through a region of inhomogeneity 
and Buffers deflection. It is not necessary, 
however, to measure the field in this region, 
since the total deflection depends only on the 
value of the magnetic field where it has become 
homogeneous, and on the angle between the 
beam and the edge of the field. (The phenome- 
non is, indeed, analogous to the refraction of 
light on passing from one medium to another.) 
Another way is to use one or more -wires through 
which an electric current is passed; the field 
thus produced can be calculated, but it is difficult 
to get very strong fields by this method. 
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Becaiise of their different velocities, individual 
beam molecules suffer different deflections, and 
the two parts into whicli the Imam is split arc 
broadened. By applying the ionisation method 
to the detection of a beam of alkali atoms it was 
possible to meastirc the intensity distribution 
accurately, and to show that it does indeed agree 
with the Maxwell distribution, as expeetod. In 
the course of such experiments a small vin- 
deflected beam was noticed, and ascribed to the 
(non-magnet ic) diatomic molecules. The sjilit- 
ting of the beam in the magnetic field therefore 
constitutes in some cases a reliable and accurate 
analysis of the beam into its atomic and mole- 
cular components. By varying the temperature 
and pressmn of the oven and oven slit, it was 
possible to determine the heat of dissociation of 
the molecules Ko, Na». and Lin (L. C. Imwis, 
Z. Physik, 1931, 69, "Sli). 

Only one successful attempt has Imen made 
so far to determine the magnetic Jiiomenl «)f an 
atomic nucleus by the deflection of a molccidnr 
beam, caused by this moment. Molecular 
hydrogen is probablj’ the only .substance suitable 
for this method, since its molecules carry no 
electronic moment and the rotation of the mole- 
cule (whicli produces a magnetic moment of 
similar magnitude to the nuclear moment) can 
be restricted to its two lowest quantum-states 
by cooling the oven ivith liquid air. In view of 
the smallness of the moment to be measuri'd 
(about one-thousandth of that of an electron, 
as carried by an alkali atom) a ven,- long and 
narrow beam and a very strongly inhomo- 
geneous field had to bo employed (0. Stern rf al., 
ibid. 1933, 85, 4). The result was une.vpcctcd : 
it was found that the magnetic moments of 
proton and electron were not — as had been 
thought — in the inverse ratio of their mas.'-cs, 
the moment of the proton being about fl-o times 
the expected value. 

The problem of measuring nuclear moments 
was very successfully solved by P,abi and hi.s 
school, who used several indirect methods. In 
one of them, the deflection of atoms carrying 
an electron moment (c.p., lydrogon or alkali 
atoms) is studied in a deflecting field which is so 
coupling between the nuclear moment 
and the electronic moment is only partlv 
destroj-ed. This is the case if the deflecting 
nelcl IS about ns strong as the field caused by the 
nucleus at the average distance of tlio electron 
wuch produces the electronic moment. Tho 
deflections is practically identical 

tn the theoiy' of the anomalous Zeeman effect 
spectral lines in weak mag- 
infp molecular method gives no 

obtni^pi^'r^ "which could not, in principle, be 
The Zeeman effect, 

itq molecular beam method is 

that If resolving power and tho fact 

generamf directly tho splitting of one terra (in 
corresunTiflq^t term), whereas a spectral lino 

and i^ 7 o transition between two levels 

cated pattern is therefore more compli- 

nuclear™ accurate measurement of a 

the atom electronic ivavo-function of 

^0^ McurflfTi^®r required, and this is 

In tho ®tely for the simplest atoms only, 
case of the proton and the deutoSn, 


fho results obtained by tho deflection of mole- 
cules were essentially verified, and approximate 
magnetic moments were found for some other 
nuclei. Perhaps tho main advantage of Rabi’s 
melliod is that it allow.s the angular momentum 
of the nucleus in question to be found in a 
reliable way. (The spectroscopic determination 
of angular momenta is a very delie.ate i)roblcm.) 
The procedure is based on the fact that for cer- 
tain valuc.s of the magnetic field the contri- 
butions of the nucleus and the electron to the 
magnetic moment of the atom may cancel, .so 
that a certain projiortion of tho atoms pa.sse.s 
undeflectcd. The receiver is .set at the position 
of the undeflectcd beam and tho magnetic field 
is varied. .-It each of the critical ficld-valuc.s a 
.shaqi maximum in Ix'am intensity is observed, 
and the miml>cr and position of these maxima 
yields directly the angular momentum. 

The latest and most successfid method for 
measuring nuclear magnetic moments was abo 
devcIo|M.‘d bv Pabi and his .school (Phvsical 
Itev. 1938. [i'i]. 53, 31S; lt>3'.>. [ii], 55. 520) and 
is fn-qucntly called the method of radio- 
fretjiicncy spectra. The arrangement is more 
comjdicatcd in so far as the beam passes 
through three different, magnetic fields in hucccs. 
sion. The first and third are inhomogeneous 
fields of the usual type. After being split up 
in the first field, the i)eam fnv verses a slit which 
allows one component only to pass through. 
The inhomogeneity in the thin! field is opp<isite 
to that in the first, so that the atoms suffer a 
deflection in the opposite .sense and are focu«.sed 
on the detector. The .secoml fiehl is a strong 
honiogcticouH one, on which is suiK’rimposed a 
weak rnrlio-fretpieney field. If the quatitum 
energ}' /i»-of the radio-frequency hajtpens to 1«' 
equal to the energy diffcn’nee between two 
adjacent orientations of the nucleus, some of tho 
nuclei will take up (or give up) a quantum and 
assume a new orientation in tho magnetic field. 
In consequence, some of tho molecules will bo 
deflected in tho wrong direction on passing 
through tho third field, and tho intensity 
observed by tho detector will bo diminished. 
The phenomenon can also bo tlcscribed as a 
rcsonanco between tho Larmor frequency of tho 
nuclcuB in tho magnetic field and tho radio fre- 
quency’ superimposed on it. In looking for 
thc.so resonances, tho radio freqvicney’ is kejit 
constant and tho magnetic field is altered in 
small step.s. 'I’ho recorded beam-intensity as a 
function of tho magnetic field shows a number of 
exceedingly sharp juinima, corresponding partly 
to tho various nuclei represented in the beam, 
and partly' to moments caused by' molecular 
rotations (electronic moments have a much 
higher Larmor frequency’ and are not observed). 
Assignments arc made with tho help of beams of 
molecules of different chemical compounds, and 
by tho different amplitude of tho minima. Tho 
method gives tho gyromagnot-ratio, that is tho 
ratio of tho magnetic moment to angular 
momentum. So far this ratio has been measured 
for more than 20 different kinds of nuclei, and 
tho results are of great interest for nuclear 
theorists. From certain anomalies in tho radio- 
frequency Bpcctrum of atomic deuterium, Rabi 
concluded that tho doutoron possesses an 
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appreciable electrical quadrupole moment, a 
result of fundamental importance for the 
theoretical study of the forces between nuclear 
particles. 

The deflection of molecular beams in inhomo- 
genous electric fields has been observed, and 
several attempts have been made to determine 
thereby the electric dipole-moment and the 
polarisabflity of certain organic molecules which 
are insoluble in non-polar solvents. Only 
qualitative results were obtained (see Fraser, 
op. «<.,and M. WohlwiU, Z. Physik, 1933, 80. 67). 

0. R. F. 

MOLECULAR CONDUCTIVITY. 

Definitions. 

Electrical conductivity or “ conductance is 
defined as the reciprocal of resistance, and thus 
has the units ohm“^ (sometimes called “ mhos ”). 

Specific conductivity (k) is the reciprocal of 
specific resistance (resistivity) and is therefore 
the current which passes between the opposite 
faces of a unit cube of the material under an 
applied potential difierence of 1 v. If i2 is the 
resistance between two parallel faces of area A, 
and distance I apart, the specific resistance is 
BAjl and the specific conductivity k=IIRA. 
(Units of K : ohm~^ cm.~^). 

Equivalent conductivity (A) is defined as 
kV, where V is the volume in ml. containing 
1 gram-equivalent of solute. Hence 

/1=1,OOOk/C 

where 0 is the concentration in gram-equivalents 
per litre. 

Molecular conductivity {Am) is defined as 
xVm where Vm is the volume in c.c. containing 
1 gram-molecule of solute. Hence 

ylnj=l,000«/m 

where m is the concentration in gram-molecules 
per litre. A and Am are clearly identical for 
uni-univalent electrolytes, and are otherwise 
related by a simple integral factor. 

Expekimental Detebmination op 
Electeolytic Conductivities. 

Although electrolyte solutions obey Ohm’s 
Law, their resistance cannot be measured by 
the usual methods employed for electronic 
conductors, owing to the back e.m.f. of polari- 
sation which is set up when a current is passed. 
Instead, a Wheatstone bridge with an alternating 
current source is used, and the balance point is 
detected as the point of minimum sound in a 
telephone receiver. Fig. 1 shows the circuit 
used. 

The source of alternating current, c, should 
have a frequency of about 1,000 cycles per 
second and may be a small induction coil or 
“ reed hummer,” but is preferably a valve 
oscillator since this produces the most nearly 
perfect sine-wave potential without a uni- 
direotibnal component. Any polarisation in- 
duced during one half-phase is then exactly 
reversed by the second half. For precision work 
the telephone receiver, B, should be tuned to the 
frequency of the oscillator, and a one- or two- 
stage valve amplifier is commonly added to in- 
crease the sensitivity. For industrial purposes 


it may be necessary to use an alternating- current 
galvanometer, or rectifier and amplifier circuit 
with a direct-current galvanometer. 

The conductivity cell, a, should consist of 
rigid platinum electrodes sealed in a vessel of 
siSca or resistance glasses such as “ Pyrex ” ; 
ordinary soft glass gives off too much alkali. 
For general purposes the design of the cell is 
not critical, and a great variety of forms have 
been used, such as the bottle t 3 q)e, dipping, and 
pipette cells, but for work of high precision 
special cells 'must be used which are designed 
for rigidity, exclusion of air, absence of electrical 
errors, etc. Washburn (J. Amer. Chem. Soc. 



Fig. 1. — Diagram of Wheatstone Bridge 
FOB Measuring Electrolytic Conduc- 
tivity. 

A, Conductivity ceii ; b, telephone ; c, aiternating- 
current source ; fq, slide wire ; R, calibrated 
variabie resistance ; d, variable condenser. 

1916, 38, 2431) designed a number of cells to 
cover different conductivity ranges. {See also 
Ives and Riley, J.C.S. 1931, 1998; Jones and 
Bollinger, J. Amer. Chem. Soc. 1931, 53, 411.) 
Shedlovsky {ibid. 1932, 54, 1411) used a special 
form of cell for extremely dilute solutions. 
Conductivity cells must, of course, be cleaned 
and washed very thorouglily. The electrodes 
are generally platinised by electrolysis in a solu- 
tion containing 3 g. of chloroplatinic acid and 
0-02-0'03 g. of lead acetate dissolved in 100 ml. 
of water ; the object is to reduce polarisation by 
facilitating reversibility. It is not desirable to 
platinise electrodes for use with very dilute 
solutions, owing to adsorption by the platinum 
black. Conductivity is very sensitive to tem- 
perature, and the cell must therefore be placed 
in a thermostat, preferably of oil. 

Since the dimensions of conductivity cells are 
rarely knoivn exactly, it is usual to determine 
the effective “ cell constant ” by measuring the 
resistance of the cell when it contains a salt 
solution of accurately known specific con- 
ductivity. Aqueous potassium chloride solu- 
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tions are geaeraUy used. Tabic 1 siunmnnscs 
some of the very accurate mcastireiuculs of 
Jones and Bradshaw (ibid. 1933, 55, 1780). 


Table I.— The Specific Coxuuctivitv of 
Aqueous Potassiu.m Chloride Solutions. 


Concentration. 

Specillc conduclivity 
(oluii-> cm.-'). 


0. of KCI 
per IcR. of 

o-’c. 

IST'. 


Normality. 

solution, 

in 

vacuum. 

2.'.''C. 

1-0 

71-1352 

00G.'>18 

0-097S4 

0-11131 

0-1 

7-41913 

000713S 

0-011107 

0-0125.', C. 

O'Ol 

0-745203 

0-0007730 

0-001220.'. 

0-001405S 


The resistance, R, is generally a “ decade box ” 
reading from 1 to HP ohni.«, the coils of which 
should be non-inductivcly wound. The variable 
(air) condenser, d, is placed in parallel with n 
to improve the sharpness with which the bridge 
can be balanced, and is adjusted experiment- 
ally to give the best balance point in each 
case. The slide-wire, ro, may be a simple 
metre wire, but for convenience, the wire is often 
mounted on a cylindrical drum, and additional 
fixed resistances each equal to -11 times the 
resistance of fg con be connected at each end to 
increase the range and precision of the reading. 

To carry out a measurement, the .slide-wire 
contact X is sot at about the mid-point of the 
we and the resistance R and condenser n are 
adjusted to give the shariiesL obtainable mini- 
mum of sound in the telephone. The final 
balance is obtained on the slide-wire. When 
the bridge is balanced the resistance of the cell a 
is given by rxfx/ox. 

The apparatus described above would suflico 
for the measurement of conductivities with an 
accuracy of about 0T%. However, greater 
precision (better than 0-01%) is possible with 
special bridge design, including earthing and 
screening devices to avoid reactance errors, 
special technique in the preparation of standanl 
solutions (c/. Frazer and Hartley, IToc. R03'. 
Soc., 1925, A, 109, 361), calibration of slide-wire 
and standard resistances, and vciy accurate 
temperature control, together with the use of 
mercury-cup connectors to avoid thermal con- 
duction from the cell by the leads. For 
details of precision methods the reader is re- 
lerred to the original papers quoted, and also 
ne tollowing : Morgan and Lammcrt, J. Amor. 
Lhem. Soc. 192G, 48, 1220 (contains a review of 
sn iLa J osephs, ibid. 1928, 
” Cl’ Bollinger, ibid. 1929, 51, 

^407 ; Shedlovsky, ibid. 1930, 52, 1793. For a 
precision bndge incorporating modern methods, 

see Luder,i6id. 1940,62,89. 

tbr^T'^u Solvent.— For all but 

roughest work, solvents used for conductivity 
measimements must be purified with extreme 
be solutions are to 

sideratiiA’^L solvent requires special con- 

OrdinpiTT water will be discussed here, 

has distilled water generally 

xiu ohm“i cm.-i or more. Com- 
VoL. VIII.— 11 


plctclj' pure water should have k=0-04x I 0~® at 
IS^c. ; Ivolilrauseli and llcj’dwcillcr (Ann. Phys. 
Chem. 1891, [iii], 53, 209) obtained n small 
.sample of water of this purity b^v repeated distil- 
lation under reduced pressure. However, “ con- 
ductivitj' water," generally used, has k about 
O'Sx 10“®. Such water can be obtained in one 
distillation by condensing pure steam (from a 
boiler containing water treated with potassium 
bisulphate or potassium permanganate and 
alkali) in a fin tube up whirh a current of 
carbon-dioxidc-freo air is passed. Good purifi- 
cation can al.io bo ofrcctcd b\- condensing only 
80% of the steam. (For examples of con- 
ductivity stills, /rre Kraus and Dexter, J. Amcr. 
Chem. Soc. 1922, 44, 246; Bourdillon, J.C.S. 
1913, 103, 7!)1 ; .Stuart and Wormwcll, ibid. 
1930, 8.5.) 

Good conduct ivitj* stills may produce water 
of K i01:<10“® or even less, but such water 
rapidly absorbs carbon dioxide when exposed 
to air, and it.s conductivity rises to about ()-8 
X 10“®. This is known as “ equilibrium water ” 
and is commonl.v u*-ed for measurements. 
Water with low eonduetivity can bo kept for 
long periods in closed vessels of re.->istant glass 
without much increase of conductivity. 

The (juestion of ajipl^ ing a correction to con- 
ductivitj* measurements to allow for the 
residual conductivity of the solvent is intricate, 
ns the correction depends on the nature of the 
impurities jiresent and the solute Iming studied 
(fre C. W. Davies, " The (,’onduetivit.v of .Solu- 
tions," Chapman and Hall, Ixmdon, 192t), 
Chap. IV; Wvnne-.lones, .1. Physical Chem. 
1927, 31, 1047)' 

Kxrmil.MF.STAL Khsults. 

'I'hc conductivities of a ver.v large number of 
solutions have been determined. 'J’iiu classic 
work of Kohlniusch still remains the chief bulk 
of reliable data, excejit for some recent accurate 
measurements in very dilute solutions. For 
<letailcd numerical results, see the Landolt- 
Bornstcin “ Phj'siknliscii-Chemischo Tabellon.” 

Aqueous Solutions. — It is well knomi that 
conductivity data show that solutes in aqueous 
solutions can bo divided roughlj’ into three broad 
classes — non-eleetrolytcs (c.g.. urea, sucrose, 
etc., solutions of which arc no more conducting 
tluiii pure water), weak electrolytes (c.g., organic 
acids and bases), and strong electrolytes (c.ff., 
inorganic salts of strong acids and bases). 
However, no sharp distinctions e.vist, and there 
is a continuous transition from ono class to 
another. Figs. 2 (a) and 2 (b) .show some of 
Kohlrausch’s results for concentrated and 
dilute solutions of some common clcctroly'tes. 

Although tho sj)ccific conductivity (k) of 
solutions generally increases with increasing 
concentration (since more conducting particles 
arc being added per unit volume), tho increaso 
is not proportional to tho concentration increase, 
and consequently tho equivalent (or tho mole- 
cular) conductivity decreases (Fig. 2). Tho 
dccreaso is ascribed to two factors. Firstlj’-, tho 
degree of dissociation of weak electrolytes such " 
as acetic acid and ammonium hydroxide is 
controlled by tho Law of Mass Actlon-(u. Vol. II, 
6366 ; ‘VI, 383a). Thus, a weak electrolyte, 
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AB, dissociatiDg into ions A+ and B", obeys the 
mass action expression : 

®A+ • ‘ • • • (^) 

where a is the thermodynamic activity and K 
the “dissociation constant.” Eor very weak 
electrolytes, where the total ion concentration is 
low, activities can be replaced by concentrations, 
and the classical Arrhenius theory is applicable. 

- According to this theory the degree of dis- 
sociation is supposed to be given by the “ con- 
ductance ratio,” ylc/zlfl where is the equivalent 
conductivity at infinite dilution. Combination 
of this with the mass-action expression (1) leads 
to Ostwald’s Dilution Law for weak electrolytes ; 

Ac\cIAo(Ao-Ac)=K ... ( 2 ) 

This holds in practice as the limiting law for 
dilute weak electrolytes. 



COHOENTRATtON (Weight % of Solute) 


Between the very weak electrolytes which are 
dissociated only to a slight extent (a=0-38% for 
N. acetic acid) and the strongest salts, such as 
potassium chloride, which are generally believed 
to be completely dissociated in dilute solutions, 
there is a whole range of salts which, while not 
consisting of covalent structures, are yet not 
whoUy free ions. For instance, the conduc- 
tivity curve of very dilute solutions of potassium 
nitrate is very close to that of potassium 
chloride [Fig. 2 (6)], but at moderate concentra- 
tions it is considerably lower [Fig. 2 (a)]. It is 
possible that such salts exist to some extent as 
“ ion-pairs ” even in dilute solutions. The same 
association phenomenon probably occurs also 
with even the strongest salts in concentrated 
solutions. Davies (op. cit.), following Onsager 
(Physikal. Z. 1927, 28, 277), deduced approxi- 
mate values for the dissociation constants of 
salts in very dilute solutions by comparing 
theoretical and experimental values of At. 
According to this theory potassium chloride 
appears to be completely dissociated, but 



i(«) (&) 

Figs. 2 (a) akd 2 (b ). — ^Equivalent Conductivities oe some Concenteated (a) and 
Dilute (b) Aqueous Solutions at 18“c, 

1, HCI; 2, H 2 SO 4 ; 3, NaOH ; 4, KCt ; 6 , KNO3 ; C, CHj'COOK ; 7, CUSO 4 ; 8 , CHa'COOH; 

9, NH 4 OH. 


potassium nitrate in 0-lN. solution is about 96% 
dissociated (Z=l-4 g.-mol. per litre). Bi- 
bivalent salts such as cupric sulphate are 
probably less dissociated (Cowperthwaite, Trans. 
Faraday Soc. 1933, 29, 593), but it should be 
rmderstood that numerical values of a are not 
toown for certain, and at the present time there 
is no direct method of determining the degree 
of dissociation of salts. (For further details see 
H. Falkenhagen, “ Electrolytes,” trans. by 
R. P. BeU, Oxford, Clarendon Press, 1934.) 

The second factor responsible for the decrease 
of yl with increasing concentration is the' electro- 
static interaction between the ions. Each ion 
is believed to be statistically closer to ions of 
opposite charge than to other ions of the same 
charge j the immediate en'vironment of a 


positive ion is an “ ion atmosphere ” which is 
on the whole more negative than positive (and 
vice versa). The result is a retardation of the 
ion’s mobility in an electric field, which leads 
to a decrease of A with increase of concentration. 
This effect, free from dissociation complications, 
is seen in dilute solutions of potassium chloride 
[Fig. 2 (6)]. 

The effect of interionic attraction on con- 
ductivity was treated theoretically by Debye 
and Hiickel (Physikal. Z. 1923, 24, 185, 305, 
334), who obtained an equation of the form ; 

Ao-Ac=kVc .... ( 3 ) 

The same relation had been suggested earlier, 
empirically, by Kohlrausch, and used by him 
for extrapolation pimposes. 
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The mathematicnl theory has been further cheinistrj^” Now Yorlc, Reiuhold Publ. Corp., 
developed by Onsager {ibid. 1926, 27, 3S8), 1039. 

Fuoss (Chem. Reviews, 1935, 17, 27), Rjerruiu Solids and Fused Salts.— Most compounds 
(Det Kgl. Dansko Vidcn., 1920, 7, [9], 1), in the solid stale aro non-conducting, but a few 
Kirkwood (J. Chem. Vhysks, 1934, 2, 767) and salts arc feeble electrolytic conductor.s, i.c. the 
others The modern theories arc successful in passage of current is accompanied by transport 
accounting for the results for ideal clcctrolyto.s of lualtcr according to Faraday’s Laws of 
such as potassium chloride in very' dilute solu- Electrolysis. In thc.-.o .-iolids conduction is sup- 
tions. At present neither dissociation nor ion posed to take place by migration of ion.s through 
interaction can bo treated theoretically for “ liolcs ” in the cry.stal lattice. Tlie currentinay 
concentrated solutions. * 1>o carried either by the cation alono Ag 

Med of Tcmpcralure and ITscosib/.— The in silver chloride), the anion alone (Cl in 
mobihty of ions (see hlioiUTiox, Ionic, this lead chloride), or both inns may move (potassium 
Vol., p. 92c) depends on tho \dscous resistance chloride). Another cln.os of solids bccomo 
of the solvent, and consequently the ylfl values cJectronic semi-conductors owing to lattice 
of solutions in anj' solvent increase with in- defects caused by a .stoichciomctric excess or • 
crease of temperature. Ivohlmusch expressed deficiency of one kind of atom (c.g., oxygen 
tho temperature-dependence of 6i>ccific con- deficiency in zinc o.vide). 

ductivity by an empirical equation of the form : Tho conductivity of solid <dcctrolytic con- 

_ . 2 . duetors increases rapidly with ri«o of tempera- 

''■ott+ot-i-<a") - •••{■) (nre, and in many cases the molten salt is highly 

For 5% potassium chloride, x-o=4.7r)X 10“*. conducting. I'or examjile, k for .silver chloride 
a=274x 10~*, 6=71x 10“®. Complex changes of is 0-0003 (ohm-' cm.-') at 2.70®, 0-11 at dul)-’ 
conductivity with temperature aro observed (solid), 3-76 at 4,76° (liquid), and -l-IO at G00''c. 
with some solutions, since A is affected by at lliltz (Z. anorg. Chem. 1926, 152, 267) has 
least three factors — viscosity, dielectric con- .‘.tudied tho comluctivity of a largo number of 
stant, and degree of dissociation (and po‘-sibly chlorides in tho liquid state, ami ha.s pointed 
extent of solvation also). /I sometimes reaches out interesting regularities according to the 
a maximum and then falls at higher tempera- position of tho elements in the- IVriodic Table, 
tures. Experimentally it is difllcult to se])arate .Vomo chlorides, such ns .silicon and titanium 
the different factors which arc operative, c.g., tetrachloride, an' purely covalent in struo- 
to change tho viscosit}- of a .solution without turn ami aro perfect in.sulators ,- aluminium 
altering its dielectric constant. chloride i.s feebly ionic (/J--15;-; 10“") ; liquid 

Non*aqueous Solutions. — ^Inny mca.surc- sodium chloride and silver chloride are good 
ments of conductivities in non-nqueous solvent.s conductors (/l‘:-=]3.7-.7 and 111-.7, respectively) 
have been made, but tho rcsult.s ara more com- (.sec P. Drossbach, " Elcktrochemio ge.schmol- 
plex and difficult to analyse theoretically than zencr Snlze," llcrlin, .T. S]>ringer, 1938). 
those for aqueous solutions. For experimental High Polcnliah and High Fngucucie-i. — Ohm’s 
data see P. Walden, “ Elcktrochemio nichl- Law is valid for clectrolyto solutions under tho 
wSsseriger Losungen,” I^cipzig, J. Ambrosius ordinary conditions of measurement (.loncs and 
Barth, 1924; Kraus and Fuoss, J. Amcr. Chem. Bollinger, J. Amer. Chem. ,Soe. 1931. 53, 1207), 
See. 1933,55, 21,476, 1019, 2387; Goldschmidt but at high jiotentials and high frequencies 
dal., Z. physikal. Cliem. 1928, A, 132, 2.77_; conductivities increase. The.se elfeets, although 
Barak and Hartley, ibid. 1933, -A, 165, 272; small, aro of consiilerable theoretical interexst 
Mead, Hughes, and Hartley, ,T.C.S. 1933, 1207. {see II. Falkenlmgen, oj). cit.). 

In general, since most liquids have lower The H'icu f(/cr/ is the inert-asc of conductivity 
dielectric constants than water, electrolyte.s in ob.'.-ervcd at potential gradients of the order of 
non-aqueous solutions arc far weaker (i.c., le-ss 10'* v. per cm. in.stead of the usual 1 v. j)cr cm. 
mssociated) and their conductivities arc small. The increase of A is of tho order of 5% in fields 
n many cases the range of applicability of the of this strength (Wien ct ul., Ann. I’hvsik. 1927, 
Unsager equation is in inaccessibly dilute solu- [iv], 83, 305; 1929, [v], 1, 400; Schiele, ibid. 
tions, and often Ag cannot bo determined with 1932, [v], 13, 811). 

aiy accuracy. Solutions of salts in methyl or Tho Dcbyc-Falkcnhagcii effect is a similar in- 
yt alcohol bohayo somewhat similarly to crease which occurs when conductivities aro 
queous solutions in that A increases con- measured at vety high frequencies. E'er 
; ^''tak and Hartley, example, A for cupric sulphate is 10% greater 

ennaf in solvents of low dielectric when measured in a field alternating with a 

and exhibit a minimum (c/. Kraus frequency of lO" cycles per second than when 

evnlni have been made to obtained by- tho usual Kohlrauseh method at 

iuff e results theoretically by consider- audio-froqucncy (10" cycles jicr see.) (Sock cl ah, 
wrmation of neutral “ion-pairs” rhjmikal. Z. 1928, 29, 627 ; 1920,30,576; 1931, 
the supposed to take no part in 31, 345; Arnold and Williams, J. Amor. Chem. 

even ‘S concentrations Soc. 1936, 68, 2613, 2616). Tho offoct is 

(Fuoss ® A^) may be present ascribed to tlio “ time of relaxation ” required for • 

however ^rlnvood). Other authors, tho ion atmosphere to adjust itself to tho changes 

Bhysikal ' Z oa Sandved, of polarity, and it appears that tho oxpori- 

idea of 1 - .1 'dispense with tho mentally observed results are in good ngreomont 

- a review nf altogether. For -with tho theoretical predictions of Debye and 

D. A a Z.C.- ; Falkonhagon (Physikal. Z. 1928, 29, 121, 401, 

Macinnes, “Pnnciples of Electro- 423). 
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Apflioation of Gondttctivtty 
Measurements. 

In addition to their importance for the theory 
of electrolyte solutions, conductivity measure- 
ments can be usefuUj' applied to many practical 
problems, including determination of solubilities 
of sparingly soluble salts ; conductometric titra- 
tions of acids and allralis, or titrations in which 
a precipitate is formed ; determination of 
constants of dissociation and hydrolysis; and 
measurement of changes of concentration, for 
instance, in studying the kinetics of a reaction 
in solution. Conductivity can also be applied to 
many technical purposes ; for example, a simple 
t5rpe of conductivitj' cell introduced into the out- 
flow pipe of a base-exchange water-softening 
plant has proved very convenient for controlling 
the duration of washing after regeneration by 
brine. Washing is continued until the con- 
ductivity falls to a particular scale reading 
which has been previously chosen empirically. 
Such conductivity methods can easily be adapted 
to automatic control. 

J. A. K. 

MOLECULAR DEPRESSION AND 
ELEVATION CONSTANTS. The freez- 
ing-points and boiling-points of a large number 
of solutions have been studied in order to obtain 
information concerning the molecular weights 
of solutes, their states of aggregation, activity 
coefScients, transition temperatures, etc. 

Freezing-point Depression. — ^The addition 
of a small amount of solute to any liquid lowers 
the freezing-point of the system, and provided 
that crystals of pure solvent separate first on 
cooling (i.e., eutectic formation is excluded), the 
depression produced is approximately propor- 
tional to the total number of molecules of solute 
present, and independent of their" chemical 
nature. The depression of freezing-point pro- 
duced by a solute concentration of 1 g.-mol. in 
1,000 g. (or, sometimes, 100 g.) of solvent is 
defined as the Molecular Freezing-point De- 
pression Constant (or Cryoscopic Constant) (Kf), 
and, once known, it is useful for predicting the 
freezing-points at other concentrations or for 
determination of the molecular weight of a 
solute (see Molectjlab Weights, Determina- 
tion OE, this VoL, p. 209c). If the pure solvent 
freezes at t°c., the lowering produced by a solu- 
tion of concentration C g.-mol. per 1,000 g. is 
simply : 

-At=KfC (1) 

The lowering of freezing-point arises from the 
fact that the partial v^pour-pressm’e of solvent 
in a solution is always less than that of the pure 
solvent at the same temperature. At the 
freezing-point, solid and liquid must co-exist in 
equilibrium. Hence, at t° the vapour-pressure 
of the solid is equal to that of pure solvent and 
greater than that of the solution. However, 
owing to the fact that the vapour-pressure of a 
solid always decreases more rapidly with 
decrease of temperature than that of the corre- 
sponding liquid, equilibrium can always be 
achieved between solid and solution at a tem- 
perature lower than t°, viz. at the point where 
the solid and solution vapour-pressure curves 


I intersect. The lowering of freezing-point thus 
produced is given by : 

—At=(RTlMLf)'ioge{p'>lp) ... ( 2 ) 
where J?=the gas constant (1-986 g.-cal. per °o, 
c per g.-mol.) ; 

(r=absolute temperature (t-l- 273-1); 

L/=latent heat of fusion of solid solvent in 
g.-cal. per g. ; 

p®=yapour-pressure of pure solvent ; 

p=partial vapour-pressure of solution. 

By assuming that Raoult’s Law is applicable 
and that the solution is very dilute (2) can be 
reduced to : 

-At=(RTILf) . C' .... (3) 

where O' is the number of g.-mol. of solute per 
g. of solvent. It is more usual to express con- 
centration as g.-mol. per 1,000 g. of solvent (C), 
and hence, by comparing (3) with (1), the mole- 
cular freezing-point depression constant is 
obtained as RTjlfiOOL/. 

In Table I are given some experimental values 
of Kf, obtained by extrapolating crjmscopic data 
to zero concentration, together with calori- 
metric values for Lf, and the corresponding 
computed values of Kf. There is no doubt that 
the agreement between the two values of Kf is 
within the experimental error. (It is notable 
that the data of different observers are 
remarkably discordant for both Kf and Lj. 
Data quoted are considered probable values.) 


Table I. — Molecular Freezing-point De- 
pression Constants of some Common 
Solvents. 


Solvent. 

Freez- 

ing- 

point, 

“c. 

h 

(g.-cal. 

perg.). 

(calcu- 

lated). 

K 

(e.vperi- 

mental). 

Bpo .... 

-7-32 

16-19 

8-64 

8-31 

HjO . . . . 

0-00 

79-67 

1-859 

1-853 

030)2 * 

766 

54-6 

39 

38 

H^SOj . . . 

c.10-6 

26-98 

6-15 

6-17 

CsHe - . - 

H-COOH . . 

6-45 

29-92 

5-130 

6-139 

8 

57-38 

2-73 

2-77 

CH3-COOH 

17 

43-66 

3-8 

3-9 

CoHg-NOa . . 

6-67 

22-6 

6-83 

6-89 

o-C8H4(N02)OH 
Palmitic acid 

44-3 

26-8 

7-47 

7-44 

{C15H31-COOH) 

Camphor 

62-66 

61-05 

4-39 

4*31 

(^10^16®) ■ - • 

178 

10-7 

38 

40-0 


The above simple relationships are valid only 
for extremely dilute solutions of “ normal 
solutes — the so-called “ideal solutions.” -^t^ 
appreciable concentrations real solutions exhibit 
marked deviations. If the solute associates or 
dissociates the freezing-point depression is 
approximately determined by the total number 
of molecular individuals present in the solu- 
tion, and hence the freezing-point has been used 
to estimate the degree of association or dissocia- 
tion. The other cause of non-ideality is the fact 
that concentration is not a true measure of 
thermodynamic activity for any except the most 
dilute solutions. Activity coefficients of non- 
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vnpour-prcssurcs involved, -which introduce 
deviations from the idcnl-gns la-ivs. For these 
reasons, boiling-point measurements are far 


MOLECULAR DEPRESSION AND ELEVATION CONST/VNTS 

electrolytes in dilute solutions do not differ 
greatly &om unity, hut this is far from the ease 
^th electrolytes. Consequently, freezing-point 
depression eurves . of 
electrolytes in dissociating 
solvents are complex. 

Some data for —AtjC 
for a number of aqueous 
solutions are shown in 
Fig. 1. 

Crj’oscopic measure- 
ments are commonly used 
to obtain approximate 
molecular weights and 
activitjf coefficients. For 
the former purpose, 

East’s micro-method, 
which utilises the high 
Kf value of camphor, 
is of special interest. 

Other substances -with 
high crjmscopic constants 
have been studied bj' 

Pirsch (Ber. 1935, 68 [R], 

67), Chadwcll and Politi 
(J. Amcr. Cbcm. Soe. 

1938, 60, 1291) calculated 
activity coefficients of 
urea, m-ethanc, and acet- 
amide in aqueous solution 
from _ freezing-point de- 
pressions, 

Elevation of Boiling- 
point. — The boiling- 
point of any liquid is 
raised by the addition of 
a less volatile solute, 
owing to the lowering of 
total vapour-pressure. 

By assuming Raoult’s 
Law and combining it with 
the Clausius -Clapeyron 
equation, an expression is 
obtained for the boiling- 
point elevation which is 
formally identical with 

that for the freezing-point depression, except 
for the sign, viz.: 

/R=(RT/l,000Lp) . C=KiC • 

where T is the boiling-point, Lv the latent heat 
ot vaporisation per g., and Ki the Jlolccular 
•Boiling-point Elevation Constant (or “ Ebullio- 
Bcopic Constant”), defined as the elevation of 
oiling-point of an ideal solution of concent ra- 
m 1.000 g. of solvent, 

lable II gives data for boiling-point, Ly, Ki 
(expenmental), and Ej, (calculated) for some 
common solvents. 

of calculated from 
caionmetric determinations of Ly agree within 

flio values' of Kh 
TTiPtita + I’y o^trapolating ebullioscopic measure- 
ments to infinite dilution. 

deviwl f elevations of real solutions 
as theory in the same wmys 

sions biit^f'^ above for freezing-point dopres- 
becausR greater extent, not only, 

usuallv itip^ greater experimental errors 
y urred, but also on account of the high 



Fig. 1 . — Fnr.r.ziKG-rorNT Durnii-ssroKs or .somk Aqukous Sor.uxioKS. 

less reliable and useful than freezing-point 
determinations for. studying phj’sico-ehemicnl 
problems. 

Ro.snnoll' and Dunphy (•!. Amer. Chem. Soe. 


TAiim; IJ. — yioi,i;cui..\u 
VATioN Constants 
.SO l.VKNTS. 


Bon.iNG-roiNT Eu:- 
or .soMi; CoM.MON 


Solvent. 

UollllIK- 

polnl, 

'0. 

(K.-cnl. 
per u.). 

(cnlcu- 

Intctl). 

A-j 

(experi- 

mental). 

CI„ . . . .' 

-33-6 

07-4 

1-69 

1-65 

Hg“ . . . . 

357 

07-8 

11-6 

11-4 

HpO . . . 

100-0 

539-6 

0-512 

0-521 

C„'H„ . . . 

80-2 

04-98 

2-61 

2-61 

CHCl., . . . 

61-2 

58-4 

3-80 

3-88 

CCI,, . . . 

76-7 

46-4 

5-24 

5-29 

CS„ .... 

46-3 

87-7 

2-34 

2-29 

CoHfiOH . . 

78-4 

204-0 

1-21 

1-20 

(CoH5)20 

34-6 

83-9 

2-14 

2-16 

(CH3)„co . . 

66-3 

125-28 

1-720 

1-725 
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1914, 36. 1411) showed that Molecular Boiling- 
point Elevation Constants can be calculated 
directly from vapour-pressure data by applying 
the Duhem-Margules equation. This gives : 

jr6=p«Jlf/l,000(dp«/dT) . (4) 

The dependence of the vapour-pressure of a 
hquid on temperature {Ap'^jAT), is generally 
known more accurately than Ld, and conse- 
quently Kh calculated from (4) is likely to be 
more reliable than the calorimetric value, or 
even the direct ebuUioscopic value. According 
to Hoyt and Pink (J. Physical. Chem. 1937, 41, 
453) equally good results are obtained from the 
usual expression, provided that gas imper- 
fections are corrected by means of the Berthelot 
equation. Thesfe authors found that the average 
increase of Kj, for an increase of atmospheric 
pressure of 1 mm. was 0-26. 

J. A. K. 

MOLECULAR DISTILLATION.* Dur- 
ing the past fifteen years short-path high-vacuum 
distillation has received considerable attention 
from reviewers and bibliographers, but has not 
found wide application in the laboratory and 
industry. The reason for the laboratory neglect 
is the vagueness of the method ; separations are 
neither complete nor exact unless much compli- 
cated apparatus is assembled, and it is just this 
complexity that the organic chemist distrusts. 
The application to industry has been delayed 
pending the development of large, economical 
stills and vacuum pumps. These are now in 
sight and at the time of writing (1944), liquids 
of high molecular weight are being distUled at • 
the rate of many millions of pounds annually. 

Of the bibliographies, the most important and 
complete have been issued by the U.S. Regional 
Soybean Industrial Products Laboratory, Ur- 
bana, lUinois,^ whence a fine set of abstracts 
has also come from the pen of Samuel B. 
Detwiler, jun.^ More than a dozen reviews have 
appeared, the more important being contained 
in the symposium appearing in the Journal of 
the Society of Chemical Industry, 1939,^® in 
Alexander’s “ Colloid Chemistry,” ^ and in 
Chemical Reviews, the latter, however, being 
confined chiefly to the work of the present 
author’s laboratory. Parallel with these reviews 
are about a score of papers by Burch,* Water- 
man,® Fawcett,® and others ^ describing or 
advocating particular methods of high-vacuum 
distillation. The writer’s first statement of 
methods appeared in 1930 ® and was restated 
in 1932 ® and 1935, greatly amplified in 1937,*" 
and progressively restated in 1940, 1941, 1943, 
and 1944.** The present review bears an in- 
evitable similarity to the more recent of these 
articles. 

Industbial Appaeatus. 

The short-path stUl in its simplest form is a flat 
vessel with a heated floor, cooled ceiling, and a 
“ perfect ” vacuum in ' between. Molecules 
evaporating from liquid resting on the bottom 
condense on the ceiling without obstruction from 

_.*.,9,°uimunioation No. 59 from the Laboratories of 
Distillation Products, Inc., Kochester 13, New York, 

U.S.A. 


piping or molecules of foreign gas. Distillation 
thus occurs at the lowest possible temperature. 

Heavy petroleum residues,*® glyceride oils, 
and the oil-soluble vitamins t5q)ify the distil- 
lands that have controlled the design of short- 
path, high-vacuum stills. The first compre- 
hensive attempt to purify organic substances on 
an industrial scale by short-path distUlation was 
made by C. R. Burch*® and collaborators at 
Metropolitan Vickers.** The stills were made 
of metal and were evacuated by metal con- 
densation pumps operated with a phlegmatic’ 
hydrocarbon oil *® instead of mercury, which 
previously had been in universal use. Two 
important early types of stiUs were the cascade- 
tray still and the falling-film still.*® The work- 
ing elements of the cascade-tray stfll are shown 
in Fig. 1. Here the hot trays A are mounted on 
a heated central tube b above a coUecting gutter 
c for spent distilland. The assembly is housed 
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Fig. 1. — Cascade-tbay Still of Buboh and 
Banceoft. 


within a double-walled vacuum-tight chamber 
which, serves as the condenser. advantage 
of this kind of stiU was the good mixing of the 
spent surface layer with unexposed imderlayers 
of the distilland as it streamed from tray to tray. 
An occasional disadvantage was the relatively 
large quantity of distilland held in the still, with 
consequent long exposure to heat. 

A commercial falling-film stfll was developed 
and operated at Distillation Products, Inc., 
'Rochester, New York, for over five years. Each 
unit comprised five columns and a degasser, 
situated one above the other on five mezzanine 
floors, the lowest of which, with fifth column 
and control panels for aU the columns, is shown 
in Fig. 2. The columns were made of mild- 
steel tubing with a spiral pattern embossed on 
the outside to aid in spreading the distflland. 
They were about 4 ft. high and were covered 
"with large Pyrex glass domes, the combination 
standing on a hollow base which was connected 
to a pair of horizontal fractionating *® con- 
densation pumps. The back of one can be seen 
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facine the observer. Over half a million gallons channelling and snhsequent carbonisation is 
of fish liver oil were passed through tins equip- shown in Fig. 3. Tiio effects can bo minimised 
meat before the falling-film typo of still was by using a heated circulating fluid instead of 
erseded elcctricai heat, and by repeated redistribution 

^'^The falling-film column provides a simple and of the distilland.’" There are, however, other 
elegant evaporator for a molecular still. The types of surface evaporators with which the 
defects of the early patterns ucre duo to the distilland. can be brought into complete sub- 
properties of oils exposed to n very high Icm- jugation.’s . . , . ^ 

perature on one side and a cold condcn.scr on the The molecular evaporator receiving chief 
other, the combination cau.sing nearly un- contcmporaiy' development is a heated rotor 
controllable surface-tension movements. The which u«cs centrifugal force to spread the 
oil gathers into ridges and becomes detached distilland and keep it flattened during distil- 
from the column, which in turn becomes over- lalion. An early labonUorj' model (1935) of a 
heated and soiled with carbon. An example of centrifugal high-vacuum still employed an 



Fro. 2. — IxDUSTRiAi. FALLiKO-rn,M Still. Gliss no.Mr. on Tirn 
Li:rT covim.s the rirru KVAroiiATon in a sucoession or in- ' 

dividual .stills. The rANEi.s ron controlling temper vture 

AND PRESSURE ARE SHOM'N ON THE RIGHT. 

aluminium plate G in. in diameter, spun into a Industrial PROor.ssES. 

embracing about 130°. The cone ivas The Uvo uses for the molecular still udiich first 
led^i^ ^ radiant heat, and the distilland M’as appealed to industrialists were in the distillation 
from + 1 , ^ glass tube and collected ol petroleum residues,’- and of glyceride stand- 

A TOai ® ^ stationary gutter, oils.-’ Though neither use has materialised to 

plate or perforated grid -® m’RS any extent, the cxporicuco gained from their 
and the condenser in front of the rotor, early cx|)loration has been invaluable in the 

domp ^-^^spibly was enclosed in a glass vitamin field, and there is now some prospect 

condense ^ internal that the benefit vdll bo reflected back to the 

is shown ^ cross-sectional diagram original objective as the vitamin stills become 

are piotiirp<i'^-^’ ’’’*i'’®trial installations capable of larger, more economical operation, 

covers remo ^ 'pl ? fonucr with Even so, occasional patents in short-path distil- 

80 far 1 ° largest rotary evaporators lation are issued to petroleum companies -- ; 

cf oil per manufacture of “ A^n’ezon ” high- 

pressure of lO-^^ ^ residual gas vacuum oils and greases continues on a 

significant, if miniature, scale. 
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In the “ stand ” or dryuig-oil field, pioneer 
■nork was done by Waterman in Holland and 
Imperial Chemical Industries, Ltd.,^^ in Eng- 
land, followed by Morse and his successors at 
Distillation Products, Inc. The process con- 
sists m improving the drying qualities of an oil 
before or after bodymg. Three variants are 
found to be practicable : 

1. The sterols, tocopheiols,^^ and other trace 
substances which are valuable separately 
but detrimental to a drymg oil are 
“ stripped ” off by passmg the oil at 
relatively low temperature through the 
short-path still. 



Fig. 3. — ^Falling-ulm Still Colotin, shouting 

CHANNELLING AND SUBSEQUENT CABBONlSA- 

TION AETEE TWO DAYS’ OPEBATION. 

2. The lower moleculai -weight, more saturated 

glycerides are distdled off, leavmg a 
residue with improved bodying and dry- 
ing characteristics. 

3. A diymg oil is bodied and then passed 

through the molecular still to remove the 
unbowed fraction. There results a 
rapidly drying oil of superior hardness. 

Processes of the above type have been worked 
out in considerable detail for hnseed and sardine 
oils, which can yield vehicles for paints and 
varnishes equal to penlla or dehydrated castor 


od in most respects, except perhaps in resistance 
to alkaline liquids. That such processes have 
not yet been commercialised is due to the lack 
of economical stills and the difficulty of securing 
new equipment m war time. 

Oil-soluble Vitamins. — ^Vitamin-4 and now 
vitamin-.® have provided the occasion, the 
mcentive, and the wherewithal which has 
covered practically the entire development of 
molecular distillation to date — an investment of 
some millions of dollars — and at a profit. In 
chronological order may be noted the laboratory 
distillation of natural vitamin-.4 esters 
directly fi’om fish-hver oils ; the industrial 
distillation of 'vitamin- A. -alcohol from the 

solvent extract of saponified fish hvers and fish- 
hver oil ; and the industrial distillation of 
vitanim-A esters from fish-hver ods It is 
the latter development which employs the stills 



Fig 4 — Eaely Centeieugal Plate Still 
The on. is eed theough the glass tube 
TO the centee of the plate, utience it 

TEAVELS OUTWAEDS TOWAEDS THE STATION- 
AEY, COOLED COLLECTING GUTTEE ThE 
CONDENSBE HAS BEEN EEMOVED TO GIVE A 
BETTEE view OF THE EVAPOEATOE. 

pictured in Figs. 6 and 7 and others smce 
designed. 

The distillation of vitamin-A, freed from fish 
hvers by saponification, has a double significance 
m that it was the first successful commercial 
apphcation of the molecular stUl, and the first 
operation givmg nearly pure vitamm-A.^^ In- 
deed, it was from a distillate of this type that the 
pure crystaUine vitamin was eventuaUj" 
prepared. 

The process for distiUmg vitamin-A esters 
directly from fish-hver oil involves the foUowmg 
steps : 

1. Selection and blendmg of raw fish-hver oils 
to a distiUand of approximately constant 
potency. 


t 
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istry there is a steady yearly gro-svth in the mole- 
cular weight of substances handled. Plasticisers, 
resins, and polymers of heavier varieties are 
continually introduced. Most manufacturing 
processes involve the simple reaction A-l-B^AB, 
as a final stage. The properties of AB are largely 
modified by traces of A and B, so that it becomes 
desirable to remove them from the finished 
product. The molecular still is able to strip 
A-B from AB, leaving the latter for use as such 
or ready for further treatment by distillation at 
a higher temperature. 

Distillation of Solids. — Devices described 
in the patent literature have not yet reached 
commercial development, except perhaps for an 


ingenious mechanically scraped condenser due 
to Fawcett.^^ 

The Moleoijeae Still in the 
Laboeatory. 

The invention of the molecular stiU has been 
epitomised as “ the application of the con- 
densation pump to the surface evaporator.” 
However, a tool that has exerted an even greater 
influence than the condensation pump is the 
modem rotary oil vacuum-pump which has 
replaced or augmented the water aspirator. 

Very excellent small-scale distillations can be 
done by placing a gram of crude material in a 
modified test tube (Fig. 8) fitted with a short 



Fig. 7. — Installation or laegee Industrial Centeieugal 
Stills ; used chiefly foe the sefaeation of vitamin- A 
ester concentrates from fish-liver oil. 


length of uide-bore rubber pressure-tubing 
which IS attached to the rotary oil-pump (the 
well-known “ Hyvac,” for instance). If the oil 
in the pump has been freshly replaced, the 
pressure in the test tube should fall to 8-IO/1. 
(l/r.=0-001 mm.), below which, in apparatus of 
this size, it is unimportant to go to achieve distil- 
lation at the lowest possible temperature. The 
distillate collects in the upper part of the tube. 
This kind of still in various stages of elaboration 
has been used to purify calciferol, vitamin-if, 
and the sterols. 

Next in order is the true molecular pot-still, 
described at some length in Vol. II of the 
Supplement to the Third Edition of this 
Dictionary (1935). Present-day pot-stiUs are 
generally made in two parts so that the 
condenser can be removed for cleaning ; or 
evaporator and condenser are housed under a 
beU jar. Many such stills may be arranged as a 
permanent installation, derivmg their vacuum 
from a common manifold. Various types of 
pot-stills are shown irl Fig. 9. 

The distillation of sohds does not generally 
effect useful separations,^^ so that molecular 
distillation is confined chiefly to liquids and 


solids dissolved in them. Here the falling-fihn 
or centrifugal evaporator gives the best separa- 
tions. 

Two standard types of falling-film stiU have 
come into general adoption. The first uses a 
glass central column, heated by electricity or 
thermostatically controlled fluid, which is 
housed in a glass tubular condenser cooled by a 
water jacket or an air blast. Many such stills, 
may be arranged in series, the assembly being 
facilitated by standardised glass joints. Vapour 
pumps and condensation traps are provided for 
each unit, though they, and the preliminary 
degassing bulb, may be manifolded to a single 
large source of fore-vacuum. An elegant design 
of this type was furnished to Schott of Jena by 
Fawcett.® Waterman, earlier, and Detwiler^® 
and others, later, have offered their preferred 
variations. 

The other type of laboratory molecular still 
is the “ cychc-batoh ” stiU,^® and we should 
state frankly that it has displaced other kinds 
in our own work. Here the evaporator may be 
a falling-film column or a small centrifugal 
evaporator connected to itvo reservoirs for the 
distiUand. A mechanical or magnetic pump 
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circulates the distilland backwards and for- 
wards over the evaporator from one reservoir to 
the other, throughout the process of dislillaiion. 
In this way one highly specialised unit, coiuploto 
with temperature controls, vacuum gauges, and 
vacuum and circulatorj- pumps, can servo in 
turn the functions of solvent stripper, degasser, 
and multi-column still. Trvo varieties of .still 
are shown in Pigs. 10 and 11, but the reader is 


referred for details to descriptions which have 
been publislicd so many times previously. 

All distillations should provide guiding signs, 
olhenvise the operator cannot properly control 
(he process. The signs in ordinary distillation 
are the percentage distilled and the boiling- 
point. where (emporatnro and pressure intersect, 
it being assumed that the pressure of distilling 
vapour coincides with (bat of the residual atmo- 



Fio. 8. — ^MoniriKD TKST-Toni; Disth.i.vtion .Ait.vuatds. 
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gpjiere — 760 mm., 10 mm., etc. in communi- 
cation -with the stiil. Iii the molecular still 
there is, by definition, no atmosphere, and there 
is no boiling-point, distillation occurring in some 
degree whenever there is a difference of tempera- 
ture between evaporator and condenser. The 
significant variable is now time instead of pres- 
sure — ^the clock replaces the manometer and the 
rate of boiling must be measured at each tem- 
perature. This important difference was pointed 
out by Burch.* ' 

These considerations have led to a highly 
conventionalised technique of distillation 


Researches with the Molecular Still.— 
Although quantitative distillations are often 
necessary, or at least desirable, to point the way, 
the great bulk of njoleoular distiUation is done 
qualitatively in simple apparatus.- The purpose, 
whether consciously recognised or not, is to 
secure a partial concentration of the substance 
rmder examination' so that means of further 
concentration or reagents hitherto vmsuccessfiil 
can be applied profitably. Using the still in 
this manner. Dam in Denmark and Almquist 
in America conducted researches on vitamin 
and other antihoemorrhagic substances. 


in which a fixed time and a fixed 
rise of temperature are allotted 
for each cycle of the distilland, 
corresponding with each change 
of receiver. For instance, 100 
ml. of oil will be placed in the 
still and degassed by circulating 
for a couple of hours over a_ 
column heated to 80°c. The 
individual cycle will then be 
adjusted to, say, exactly 10 
minutes, the temperature raised 
to 120°, and the first fraction 
coUeoted. The temperature is then raised to 130' 
the receiver changed, and the distilland again 
cycled during exactly 10 minutes. This procedure 
is repeated until all has distilled — say 12 times, 
imtil the temperature reaches 240°c. In these 
circumstances it is foimd that given constituents 
always occur in maximum relative concentration 
at the same temperatme, so that they may be 
recognised by the temperatures at which they 
appear. The peaks of their eliminalion curves are 
an excellent substitute for ordinary boiling-points. 

The underlying logic of this technique has 
been explained elsewhere, together with the 
practical details of “ pilot dyes,” “ constant 
yield,” and “ residue ” oils needed to carry 
out the distillation conveniently. It will 
suffice to say here that the method which, inci- 
dentally, . has not yet been widely adopted has 
revealed : 

That vitamin-A occurs in fish oils as Cjg, Cjp, 
and C 22 esters.^* 

That vitamin-A occurs in the Uver of the rat 
as Cjg ester only.®® 

That vitamins-Aj and -A 2 distil at sub- 
stantially the same temperature, and 
probably have the same number of carbon 
atoms.®® 

That vitamin-D occurs equally in free and 
esterified conditions ; there is more than 
one free form of vitamin-D in cod-liver oil.®^ 

That vitamin-D occurs in free and bound 
conditions in soybean oil.®® 

That carotene occius in palm oil in free con- 
dition and not bound, as formerly sup- 
posed.* 

That vitamin-A occurs in the intestines of 
fish as the ester, and is rapidly hydrolysed 
on storage of the dead gut.®® 

That kitol, a new provitamin-A, was dis- 
covered in whale-liver oil by quantitative 
molecular distillation.®® 

.tlnpubllshed data from the Laboratories of Dis- 
tillation Products, Inc. 


conocnsaYiom 
O ft FRACTIONATION 
RUMP ASSEMBLY 
CAPAOTY »0*20 
LiTftrs prft ^rr 



Fig. 10. — Diagram shoiving essential parts 
OF Circulating Molecular Still. 

Emerson separated y-tocopherol from natural 
sources. Farmer and Van den Heuvel ®® separa- 
ted docosahexaenoic acid from cod-liver oil, and 
Embree and Shantz separated anhydro-vita- 
min-A from fish-liver oil, and , 'obtained such de- 
rivatives as isoanhydro-vitamin-A, subvitamin- 
A, etc., and kifbl,®® from whale-liver oil. Bomer 
and Hiittig ®® separated the fats of babassu oil. 
Waterman and later the -writer separated pure 
|S-carotene from pato oil,®* Rawlings ®® analysed 
soybean oil, Kass and Burr purified linolenic 
acid,®® Johnston and Bradley fractionated 
dimers of methyl esters of dehydrated castor 
oil,®® and Riemenschneider, Swift, and Sando 
separated the fats of cottonseed ®^ oil. The 
constitution of lignin was investigated by 
Bailey,®® who also made contributions to still 
design. Baxter and Robeson have used the 
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MOLECULAR REARRANOeMENTS 

include isomeric changes {v. IsoMEEisM> Vol. VII, 
67a) and also reactions involving the structmral 
or stereochemical rearrangements characteristic 
of isomeric change accompanied by decom- 
position, such as dehydration, or other further 
reaction. Certain particular isomeric changes 
are treated under separate titles, c.l7-> stereo- 
chemistry’ and tautomerism. 

Glassification. 

Molecular rearrangements have been classified 
in various ways hut there is no comprehensive 
scheme and different relationships sre em- 
phasised by different authorities. Classification 
can be based on the structural changes involved, 
e.g., migrations of atoms or groups from caroon 
to carbon, or from nitrogen to carboP; or from 
side-chains in aromatic compounds ihto the 
nucleus. This classification is often convenient 
but it should be noted that in many cases the 
transfer of a radical from, e.g., nitrogen to carbon 
is accompanied by the converse transfer oi 
another atom or group, commonly bydrogm. 
In some cases theoretical signifioango oan be 
given to this classification by using it .to draw 
attention to the nature of the bonds broken and 
formed in the reactions. 

Lapworth (J.C.S. 1898, 73, 446) drew attention 
to the frequent occurrence of “ ay-changes m 
systems of the tyqie 


R:R'-R"-Y 


Y-R-R'iR' 
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addition of proton to tlie a- or y- position in this 
ion forms the two isomers and in this way the 
reversible prototropic change is effected (cf. 
tautomerism). 

CHR2CR:CR-CO-i?iCR2;CRCHR-CO- 1. 
CRa-CRiCR CO- ^ CR2:CR-CR CO- II. 

The corresponding anionotropic changes, 
which are useful in synthesis and also theo- 
retically interesting, most commonly occur in 

“ allyloid systems,” -C-.C-C-Y in which Y is 
readily removed with both its bonding electrons 
(Allan, Oxford, Robinson, and Smith, J.C.S. 
1926,404; Whitmore, I.C.). The rearrangement 

CR2(0H) CH:CH2 -> CR2:CH CH20H 

takes place either directly under the influence 
of acid or through esters or halides. The con- 
version of tertiary to primary alcohol pre- 
dominates and this is one of the most useful 
reactions of this type for synthesis, e.g., the 
penultimate stage of the synthesis of phytol : 

Me'[CHMeCH2-CH2-CH2l3'CMe(OAc)-CH:CH2 

Me-[CHMe'CH2-.CH2-CH2]3'CMe;CH-CH2'OAc 

The conversion of butadiene 1:2 -dibromide into 
the l:4-dibromide in presence of hydrogen 
bromide has an important significance in the 
study of T.4-addition (GiUet, BuU. Soc. chim. 
Belg. 1922, 31, 366 ; Farmer and Scott, J.C.S. 
1929, 172). 

CHaBrCHBrCH:CH2 
-3- CH2Br-CH:CHCH2Br 

The interconversion of a-phenylallyl and 
cinnamyl alcohols and their derivatives has been 
very fully investigated and discussed by Burton 
and Ingold {ibid. 1928, 904, 1850 ; 1929, 455). 
These rearrangements are of the general form : 

RCHXCHiCHa ^ RCHiCH-CHjX 

where R=a hydrocarbon radical, generally 
phenyl or substituted phenyl ; 

X = — O H or an ester or halogen group. 

The ease with which X separates as an anion 
will depend (1) on the ionic stability of X' as 
indicated, for example, by the strength of the 
acid HX ; (2) on the stability of the carbonium 
ion, which is most commonly raised by resonance 
involving the group R ; and (3) on the presence 
of cations in the reaction mixture or on the 
dielectric constant of the solvent. a-Phenylallyl 
and cinnamyl alcohols can be isolated and 
esterified without change of structme. The 
esters {e.g., acetate and p-nitrobenzoate) undergo 
interconversion in non-hydroxyhc solvents, as 
do the alcohols in presence of strong acids, the 
cinnamyl being the more stable and pre- 
dominant isomer. The bromides are so mobile 
that only the cinnamyl can be isolated. This 
sequence of mobility clearly follows factor (1) 
above. 

Comparisons of the influence of substituents 
in systems of the type R-CHX-CH:CHR' 
showed that in facilitating the conversion and 
displacing the equilibrium the effectiveness of 
groups diminishes in the sequence p-CICgH 4 -, 


p-MeCgHp, CgHj-, Me-, H-, 

in accordance with 
(2) above. Burton and Ingold also confirmed 
their generalisation (3) by showing that the ease 
of the a-phenylallyl-cinnamyl conversion in 
different solvents diminished in the sequence 
benzonitrile, acetic anhydride, chlorobenzene 
p-xylene (dielectric constants 26, 21, 6, 2 respec'- 
tively) and similar reactions have also been 
found to take place most readily in ionising 
solvents. The conversion of a-phenylallyl p- 
nitrobenzoate in presence of tetramethyl- 
ammonium acetate gave a considerable amount 
of cinnamyl acetate, showing that the change is 
not intramolecular but involves the anions in 
solution {cf. Meisenheimer and Beutter, Annalen, 
1934, 508,58). 

GycUsation of polyenes and of aromatic com- 
pounds with unsaturated side-chains is usually 
brought about by the action of acids or 
aluminium chloride, and constitutes an im- 
portant type of isomeric change. An unusual 
type of reversible cyclisation is closely related 
to the anionotropic changes just discussed : 


CHjX 

j ^CH;CMe2 

CHg 


HCI or HBr 
dil. alkali 

X=CI or Br 


CH, 


\ 

1 / 

CH, 


CH-CMe,-OH 


(Bruylants and Dewael, JBuU. Acad. roy. Belg. 
1928, [v], 14, 140). The great numbers of more 
typical cyclisations {cf. L. F. Fieser, “ The 
Chemistry of Natural Products Related to 
Phenanthrene,” New York, Reinhold Pub. 
Corp. 1937) can be illustrated by one example 
involving a polyene structure with acid and 
another involving an aromatic compound with 
aluminium chloride. In both cases six mem- 
bered rings are formed but the formation of five 
membered rings is also fairly common. 


CH 


CMez 

CH-CH:CHCOMe 


I li 

CHj CMe 


CH, 


i^-ionone. 


acid 


CM 62 

c1-R ^-CH.-CH-COMe 

I II 

CHa CMe 

'^c< 

;8-ionone. 

(a-ionone also formed.) 



The mechanism of the cyclisation of polyenes 
by acid is considered to be related to other 


177 


l^IOLECULAll llEARKANGEMENTS. 


reactions of ethylcnio compounds. IMicn nn 
ethylenio bond reacts vdtb a strong acid, a protori 
first adds to ono of the carbon atoms forming a 
positive (carbonium) ion similar to tlio'-'c formed 
by tbo removal of a negative ion from a halido 
or alcohol as in the anionotropic changes dis- 
cussed above. This ion can (1) take up a nega- 
tive ion, c.g., complete the addition of the acid, 
(2) take up a hj-droxylic solvent and lose proton 


from it giving, for example, hydration, (3) lose 
proton from a different part of the molecule 
forming nn isomeric ethylenio compound ns in 
the niovcmenl of double bonds considered 
above, (-1) combine with another un.saturatcd 
centre and if this is in another part of the same 
molecule, h^- suhacquent lo.ss of another proton 
complete the cycli.sntion, or if it is in another 
.similar molecule give polymerisation : 


CH„-CH:CH- + H+ 

1 

1 


•CH3-CH{OSOj-OH)CH, 

■I 

•CHo-CH-CHn- 

'^H.O 

•CH,-CH(OH) CH.- -1- H+ 

•fcthylcnlo 
cpd. j 

•CHj-CH-CH,- 


•CH:CH CHj -i- 

•CH„-CH-CH- 

* + j 

(1) 


•CH„-CH-CHj- 

•CH„-CH:C- 

-1- H'- 



( 1 ) 

( 2 ) 

( 2 ) 


Wagner-Meerwein rearrangement.s occur 
with monohjdric alcohols and their dmvatives. 
They are initiated in circumstances simil.ar to 
many of the above reactions hut involve the 
breaking of single bonds between carbon atoms 
leading to different arrangernent.s of carbon 
skeletons in ring systems or open chains. A 
number of typical examples arc found in the 
terpene series, c.g., the conversion of enmphenc 
hydrochloride to tsobornyl chloride whicli Im.s 
been carefully studied. The carbonium ion, 
mechanism (Mcenvein and Wort maun, Aniinlcn, 
1924, 435, 190 ; cf. Mceiavcin and Van Eiu’-ter. 
Ber. 1922, 55 [B], 2500; Whitmore, I.c.) is : 


Cl 

chJ 




Me 


chJ 

Me 


-1- Cl' 



Cl 




C 

L 1 

1 

1 ‘J 



Mo 
Me 

r^lNci 

cmJ 

It is eeupmu extensively ionised 

agents anrl i ^ I>y solvents and ro 

tion eo ■ “.^^^^“'tives which Ihvour ionisa 
halides ■robivv.'^i it is accelerated bj 

hydrosen nlii • i ® 'it nitrobenzene bj 

analogous camll’ a rearrangement ol 

VoL 


qju'nce of diminishing ratc.s as bromide, chloro- 
ryniolsulphonnto, chloride, cldoro.acctate (Hanu 
melt, op. c>!., ji. .310). 'J'hce rearrangements 
may involve dehydration (bonieol to camphene) 
and are reversible. 

The first of the two carbonium ions repre- 
sented above can undergo nn altcnmtive 
Wagner-Meerwein chatigo by the migration of 
a methyl group to give nn ion identical in 
stnieturc but not in stercochemiral configura- 
tion to itself, nnd this will nho give fmhoniyl 
chloride by ring change nnd addition of halide 
ion : 


r^lXMe 

CH:| 


Me 


Me 


Me 


f^|N<^Me 



cr 


Me 

f^|\/Me 

CH. 

-i^Mo 

Cl 


Namctkin and collnhorntors (Annnien, 1027, 
459, M l ; cf. J. pr. Chom. 10.32, [ii], 135, 1.55) 
showed that n-methylcampheno give.s 4-methyl- 
t.voborncol, nnd not the 0-i.somer, clearly by 
nn analogous series of rearrangements ; 


Me Me Me 



OH 
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Houben andPfankuch (Annalen, 1931, 489, 193) 
have pointed out that the stereochemical 
changes in the camphene— (sobomyl chloride and 
similar rearrangements are accounted for by a 
similar mechanism, so that the more complex 
mechanism also applies in these cases (Chem. 
Soc. Annual Rep. 1932, 29, 147). 

Wagner-Meerwein changes have also been 
investigated in less complex molecules such as 
neopentyl derivatives (IVeund and Lenze, Ber. 
1891, 24, 2160 ; Whitmore and Eleming, J.C.S. 
1934, 1269). These may be summarised as 
follows : 

HzSO. 

CMeyCHyOH i CMeg-.CHMe 



CMegBr-CH^Me CH2:CMeCH2Me 


Semipinacol and Semihydrobenzoin 

CEtaPh-CHO 

(Semihydto- 
benzoin) 

1 Cone. 
i HaSO, 

CHEtPhCOEt 

(Semipinacol) 

Aminoalcohbl Decomposition. — 
CPh2(OH)CHWle-NH2 



HNO- 


PhCO-CHMePh 


lodohydrin Decomposition. — 

Me-CO-CMe, 


_ Heat or 

CMe2(OH)CMe2l — r-s- 


Ag salts 


Ag(OAc) 

CMea-CHgl — > CIVIe2(OAc)-CH2Me 

HNOz 

CMeyCHa'NHa ^ CMe2(OH)-CH2Me 


In all these cases the reagents are such as would 
tend to the removal of —OH, halogen, or 
— N Hj leaving a positive carbonium ion. 

Thus the evidence for the formation of free 
carbonium ions is stronger in these various 
examples of the Wagner-Meerwein changes than 
in most other cases but the rearrangement of 
C-C linkages is clearly intramolecular and most 
probably arises from the resonance possibilities 
in the ion, as suggested by Ingold (Chem. Soc. 
Annual Rep. 193^9, 36, 197). Canonical states 
are 


IVIe Me 




Me Me 


or together 


; CHj 

+ C 1 

+ 

/ 


Me 

Me Me 




C 

-CH, 


— ’’ 


CH, 


This explanation is applicable to many different 
migrations of hydrocarbon groups whether the 
free carbonium ion is formed or not. In the 
main it is the quantum theory equivalent of 
Robinson’s partial valency system (Mem. 
Manchester Phil. Soc. 1920, 64, 7) and its first 
electronic equivalent. 

Qlycols and related compounds undergo re- 
actions which are very similar to Wagner- 
Meerwein changes. They may be classified in 
terms of examples as follows : 

Pinacol-pinacolone. — 

H SO 

CMe 2 (OH)CMe 2 -OH ——4 CMes-COMe 
Hydrobenzoin. — 

CHPh(OH)CHPhOH > CHPhj-CHO 


Ethylene Oxide Rearrangement. — 

O 

\ Heat 

Ph-C CHMe CHPha'COMe 

Ph 

These reactions have been very fully investi- 
gated and discussed over a long period (Chem. 
Soc. Annual Rep. 1924, 21, 96; 1925, 22, 115; 
1928, 25, 124; 1930, 27, 114; 1933, 30, 181; 
1939, 36, 195. E. S. WaUis, op. cit., gives a 
particularly full discussion and various aspects 
are considered in the works referred to above). 
The conditions and mechanisms are exactly 
parallel to those indicated for the Wagner- 
Meerwein changes above but more complex 
considerations govern the migrations about 
which much formation is available. The 
generalisations cover most of this but are still 
not fully comprehensive. 

The starting materials can all be expressed by 
the general formula 

CRR'XCR"R"'Y 

where R is a hydrocarbon group or hydrogen and 
X and Y electronegative elements or in the 
oxides a divalent oxygen. The primary factor 
in determining which group shall migrate is the 
tendency of X or Y to separate as a negative ion. 
In the halogenohydrin and aminoalcohol re- 
actions the halogen or amino-group is removed 
with the bonding electrons and a group from the 
other central carbon atom migrates to take its 
place. Where X and Y are both OH the effect 
of the groups R in facUitating the loss of 
hydroxyl ion dominates the reaction and the 
order in which pairs of groups, R act in this way 
is, for example, alkyl, alkyl>phenyl, H ; or a- 
naphtbyl, H>benzyl, benzyl; or alkyl, benzyl 
>methyl, H. A similar sequence applies to 
the opening of the ethylene oxide ring and thu 
generally determines the product in that isomeri- 
sation. 

In the generalised system 

CRR'(OH)CRR'(OH) 

the molecule is symmetrical and neither of the 
two factors so far considered will determine the 
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product obtained, but a sequence has been 
evolved for the “ migratorj' aptitudes ” of groups 
which may bo approximated to : 2’-tyni8yl>5}- 
tolyl, p-diphonyl > a-naphthyl > yj-isopropyl- 
phenyl>p-ethy]pheny], yj-fluorophonyl, phenyl 

>p.iodophenyl>p-chlorophen 3 d, 7 /i-tol 3 d, i/i- 

anisyl>7n-chlorophenyl. In general, high olce- 
tron availability at tho point of altaehment to 
the glycol carbon facilitates migration, in accord 
with the transfer of tho group to a_ positive 
carbon, but there are individual exceptions. 

Stereochemical observations have thrown 
light on the detail of these arrangements. For 
example, when cis- and /rans-l:2-dimcth3dcycfo- 
pentane-l:2-diol3 are refluxed with 30% sul- 
phuric acid, tho cis-form undergoes tho pinacol- 
pinacolono change to 2:2-dimcth3’lcyc/opcntanone 
(87% 3deld) but tho /ra?w-isomcr gives tar 
(Bartlett and Pockel, J. Amcr. Chem. Soc. 1037, 
59, 820; Bartlett and Ba3’]c3', ibid, 1938, 60, 
2416). These results indicate an inversion re- 
action and this suggests that rearrangement 
accompanies ionisation rather than taking place 
in the free positive ion. Tho addition of proton 
to the glycol gives a positive ion which can bo 
represented by tho following canonical states : 


Me Me Me Me 



Me Me 

II 

O H— OH, 

The solvent has an important influence on tho 
completion of the reaction and should be in- 


cluded in a fuller consideration of the reaction 
mechanism. 

In a number of other cases incomplete rncemi- 
sation during rearrangement supports a mech- 
anism of tho above t3'po rather than prior 
ionisation. Similarl3' since Roger and Mackenzie 
(Bor. 1929, 62 fB], 272) showed that VI is 
converted into VIII without complete racomi- 
sation, it has been clear that tho inactive 
aldch3’do VII is not tho main intermediate ns 
had been suggested, although nldoh3'dc3 of tho 
t3’po VII can also bo converted to ketones of the 
137)0 VIII b3’ acids. 

CHPh{OH)-CBZj-OH 
VI. \ 

CHOCPhBzj V CHPhBzCOBz 

VII. VIII. 

Tho following example indicates that with 
suitable stnicturcs aS-migrations of tho pinacol 
type can take place (Klcinfellcr and Eckert, 
ibid. 1029, 62 [BJ, 1593; cf. E. R. H. Jones, 
Chcin. Soc. Annual Rep. 19 M, 41, 169, 176) : 

PhCO-CPh(OH)-C:C-CPh(OH)COPh 

PhCO-CPhj-C;C-CO-COPh 

The Benzilic Acid change diflors from tho 
other carbon to carbon migrations considered 
above in that it is carried out in alkaline solution, 
and indeed tho reaction takes place through tho 
negative ion formed b3' tho addition of h3’drox3’l 
ion to bonzil. Robinson’s mechanism (Chem. 
Soc, Annual Rep. 1923, 20, 118) (IX) translates 
dircctl3’ into resonance tenns (canonical states 
X and XI). It is not clear that tho h3*drogon 


0 =C— C— Ph 

F^h 


O— C- 




.H. 

0 0 

- 1 1 

+ 

" 0 OH 

- » i 

0 C C Ph 

K 

0 — c— C— Ph 

_ Ph _ 

IX. 


-in 




o 

II 

-C— Ph 


Ph 

X. 


O 

- II 
o— c- 




o 

-d— Ph 


XI. 


mi^ates from one oxygen to another ii 
tn n the phenyl moves from c 

improbable, 
^ mechanisms of tho Wa 
but in pinacol rearrangements is 
presence of tho nega 
SS regarded as tL 

g orce leading to the transfer of p 


to tho adjacent cloctron-accopting cnrbon3d 
carbon. 

Many of tho preparative and synthetic uses 
of these changes of tho Wagner-Mcorwoin, 
pinacol, and benzilic acid types aro obvious from 
this outline. Their application to alicyclic com- 
pounds leads to a variety of changes in ring 
struoturo, which have been indicated for tho first 
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type and ■n’hicli can be applied for the enlarge- 
ment and diminiition of rings, e.g., 


CHj-OH 



oxalic 

> 

acid 




Rosanov, J.O.S. 1915, 108, 657. 


AgNOs 


OH 



Tiffenean, Compt. rend. 1914, 159, 771. 




Me 


1 \Me 

OH OH 

Meerwein, Annalen, 1910, 376, 152. 



CHO 

Me 
—Me 
.:0 


/• 


Br 

A. 

y 


:0 


dU. 

KOH^ 


Br 


A^OH 

y^COOK 


WaUach, J.G.S. 1916, 110, 487. 

B. SHGEATIONS EEOM CARBON TO NI- 
TROGEN, NTTEOGEN TO CARBON, 
OXYGEN TO CARBON, ETC. 

Eour t 53 ies of rearrangement nnder this 
general heading are fairly closely related to the 
Wagner-Meerwein changes and to one another. 
This is indicated in the foUorring scheme : 

Hofmann Degradation of Amides (Hof- 
mann, Ber. 1882, 15, 407 ; Watson, Chem. Soc. 
Annnal Rep. 1939, 36, 193, and op. cit .). — 

R— C=0 _ R— C=0 


Br. 


NaOH 


NH, 

R— C=0 

Lk 


NHBr 
R— C— 6 


Br 


N 


— Br 


NaXO, 


-f 

R— NHj 


c=o 

II + Br' -> 

R— N 

Curtius Decomposition of Azides (Curtins, 
Ber. 1894, 27, 778).— 

R— C=0 C=0 

II il + Nj 

R— N 


AN 


No 


Lessen Decomposition of Hydroxamic 
Acids (Lessen, Annalen, 1869, 150, 314; 1894, 
281, 169).— 


R— C=0 

I 

NH— OH 


NaOH 


R— C— O 


An 

c=o 

1! 

R— N 


—OH 


+ OH' 


The formula given for the negative hydroxamic 
ion is not the normal one, but emphasises the 
relationship to the other rearrangements and is 
one canonical state of a probable intermediate. 

Beckmann Rearrangement of Oximes 
(Beckmann, Ber. 1886, 19, 988 ; Blatt, Chemical 
Review's, 1933, 12, 215 ; B. Jones, ibid. 1944, 35, 
335; Nature, 1946, 157, 519). — 


R— C— R' 


L, 


PCU 


N — OH 


or acid 


R'— CAOH 

II 

R— N 


R'— 0=0 
R— rliH 


The first three reactions occur in alkaline 
solution, but in some cases it has been shown 
that the rate is only slightly dependent on the 
concentration of aJkah' (Van Dam and Arberson, 
Rec. trav. chim. 1900, 19, 318). The Beckmann 
rearrangement is carried out in acids or in 
neutral ionising media. All these reactions can 
be generalised as 


R— C=Z R_C— R 



Hofmann. Beckmann. 

Lessen. 

Curtins. 

The reactions are facilitated by high stability 
of Y as a negative ion (e.p., in the series 
(Br, -O-CO-CgHjA) and by electron repulsive 
effects in R {e.g., in various groups -CgH^A) 
and in X (Hauser and Renfrow, J. Amer. Chem. 
Soc. 1937, 59, 121 ; Bright and Hauser, ibid. 
1939, 61, 618), in accordance with the view that 
separation of Y with its bonding electrons and 
the subsequent or simultaneous transfer of R 
with its bonding electrons are the key factors in 
the mechanism of these reactions (c/. Wagner- 
Meerwein and pinacol transformations). It is 
clear that the migration of R is intramolecular. 
The best evidence is stereochemical (E. S. 
Wallis et al., ibid. 1926-1933). Eacemisation 
does not occur in the rearrangement of deriva- 
tives of benzybnethylacetic acid 

(R=PhCH 2 -CHMe) 

and the rotations of the amines or ureas obtained 
from amide, azide, or hydroxamate are identical. 
Only one isocyanate is obtained when benzyl- 
methylacetazide is degraded in presence of tri- 
phenylmethyl radicals, indicating that R does 
not separate as a free radical. In d-3;5-dinitro- 
6-a-naphthylbenzainide optical activity arises 
from restricted rotation in the bond joining the 
benzene and naphthalene nuclei and this 
activity is completely preserved during the 
Hofrnann degradation, whereas dissociation at 
any stage would have permitted free rotation 
and racemisation. 

The Beckmann rearrangement of oximes 
requires further discussion. It was first carried 
out by the action of phosphorus pentachloride 
and subsequently was found to be caused also 
by phosphorus pentoxide, concentrated sul- 
phimc acid, hydrogen chloride, and also by 
converting the oximes to esters (:N-OX), 
especially those of strong acids. The isomeri- 
sation takes place either during the ester for- 
mation or on heating the esters alone or in a 
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solvent. Ketoximes generally undergo the 
Beckmann rearrangement smoothly ; some 
aldoximes and their N -ethers also do so. 

This rearrangement has been much used for 
the establishment of the stereochemical con- 
figuration of the isomeric oximes, as suggested 
by Hantsch and Werner (Ber. 1890, 23, 11; 
1891, 24, 13, 51). The t\vo stereoisomers of 
most, of the ketoximes gave different single 
amides and for a long time it was considered 
that the OH changed places with the adjacent 
group R. Meisenheimer {ibid. 1921, 54, 320G; 
Annalen, 1925, 446, 205) showed from other 
evidence that it is the opposite group R' which 
migrates, as represented on p. ISOs and this 
evidence has been supplemented bj- other 
workers (Chem. Soc. Annual Rep. 1925, 22, 
105; 1926,23,126). 

The mecianism of the Beckmann rearrange- 
ment has been the subject of a long sequence 
of investigations. The action of phosphorus 
pentachloride and hydrogen chloride led to the 
suggestion that with these reagents the chloro- 
imino derivative (CRjtNCl) is an intermediate, 
but Stieglitz and Peterson showed that such 
derivatives are not labile in this way (Bor. 1910, 
43, 782; c/. Amer. Chem. J. 1911, 46, 325). 
This remains a surprising observation in relation 
to further work. JI. Kuhara (“ On the Beck- 
mann Rearrangement,” Imperial University of 
Tokio, 1926) showed that the speed of re- 
arrangement of benzophenone oxime was in- 
fluenced by acid chlorides in the order 

PhS02Cl>CH,Cl-C0CI>CH3-C0Cl. 

He isolated the benzenesulphonyl ester and 
showed that at its ra.p., 62®, the pure ester 
rearranges to a sulphonyl derivative which 
gives benzanilide on hydrolysis, whereas the 
acetate or fine oxime requires an acid catalyst 
to cause the conversion (c/. Kuhara, Agatsumn 
and Araki, 3Iem. Coll. Sci. Kj-oto, 1917, 3, 1). 

Chapman and his collaborators (J.C.S. 1933- 
1936) showed that oxime picrates also midergo 
rearrangement by heating alone, whereas the 
2:4-dinitrophenates do not. This suggests a 
rather sharp threshold strength of acid for the 
conversion of the corresponding ester. The 
rearrangement of the picrate is accelerated in 
solvents of high dielectric constant, e.g., it is 
35 times as fast in ethylene dicliloride as in 
benzene, and the addition of polar solvents to 
solutions in carbon tetrachloride gives rates in 
the order of the dielectric constants, viz. 
hexane<chlorobenzene <ethylene dichlorido <; 
acetone<nitrobenzene<acetonitrile. In non- 
polar solvents the order of the reaction is greater 
th^ umty, since the polar character of the 
oxime picrate and the products has a catalytic 
effect. 

The trend of all this evidence suggests a 
mechanism analogous to that of the Wagner- 
Meerwein and related changes (cf. p. 177o). 
^e highly specific stereochemical features of 
tto rearrangement suggest that both parts of 
the change are intramolecular. Strong acids 
_ presumably catalyse the change of oximes and 
tten esters through the formation of positive 
ions of the form XII rather than through the 
normal salt ion Xm. 


R_C— R 


R_C— R 


N— OHt 

II 

H— N— OH 

4 - 

xn. 

xm. 

+ 

/OH 2 

R n/ 

R-. r^OH, 


XI\^ 


Chapman also made a study of the rearrange- 
ment of benzophenone oxime in ethylene di- 
chlorido in presence of hydrogen chloride and 
showed that the direct conversion -wim onh' a 
major reaction during the marked induction 
period, after which the reaction proceeded at a 
much greater and nearly constant speed through 
the following reactions : 


Ph,C:N-OH >.PhCO-NHPh (initial stage) 


MCI 

PhCO-NHPh w PhCCIrNPh 

j-fPhjC:N-OH 
PhjC-.N-0-CPh;NPh 
1 + H*^ 

Ph,C;N-OCPh:NHPh 


This last cation resembles the ester of a strong 
acid and undergoes rapid rearrangement. It is 
not yet clear to what c.xtcnt similar ester for- 
mations are important in Beckmann rearrange- 
ments under other conditions. 

Miokations moM Sidit-ckaiks i>'to Aromatic 

XucLr.t. 

CjHs-XY -> Y-CsH^-XH. 

A variety of rearrangements under this 
general heading can bo represented by the above 
formula} where for example 

X=0 and Y=nllyl or tertinrv alkvl, 'CO'R 
•COOH, or-SOaH; or ' 

X=N and Y=nlkvl, -SO-H, -NO, -NO.. 
•OH, -NHPh, -N.Ph. 

Migration of Hydrocarbon Groups and De- 
rivatives . — Hofmann and .Martins (Ber. 1871, 4, 
742; c/. ibid. 1885, 18, 1821) obscired that 
nuclear alkylation of aniline, as well ns side- 
chain aUrylntion, occurred when aniline hydro- 
chloride is heated tmder pressure with methyl 
alcohol. Dimcthyltoluidine and dimcthylxyli- 
dene were amongst the products. Hofmann 
further showed that when trimethylphenyl- 
ammonium iodide is heated under pressure the 
methyl groups migrate into the nucleus, until, 
at 335°, the main product is mesidino (2:4:6- 
trimethylaniline). The alkyl groups here enter 
the o- and p-positions, but Hey and his co- 
workers, continuing the study of nuclear 
alkylation of the hydrochlorides of o- and p- 
toluidine, mesidine and dimethylmesidmo in 
methyl alcohol, foimd amongst the products 
tsodurindine in which methyl has entered the 
rn-position after completion of o-p-alkylation. 
They also identified hydrocarbons (including 
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hexamethylbenzene), phenols and alkylated 
acridine derivatives (J.C.S. 1927-1937). 

The free alkyl anilines do not undergo re- 
arrangement by the action of heat alone, hut 
Reilly and Hickinbottom {ibid. 1920, 117, 103) 
showed that these reactions also occur on heating 
alkylanilines with metallic chlorides such as 
those of cobalt, cadmium, or magnesium 
Hiokinbottom’s further studies of these re- 
actions have thrown light on their mechanism 
{ibid. 1927-1937). Ethylaniline was heated 
with cobalt chloride at 240-270° in a 
vertical glass tube designed for the collection 
of volatde products from time to time. No 
ethyl chloride was obtained and the yield of 
aniline was negligible. A similar result was 
obtained with w-butylaruline but isobutyl- and 
ieri.-butylaniline gave good yields of the 
butylenes, whereas rmder conditions precluding 
the escape of butylenes rearrangement was 
observed. Hickinbottom concludes that the 
mechanism is primarily a dissociation giving 
positive alkyl ions which re- alkylate in the 
nucleus or decompose into proton and olefin, 
which under appropriate conditions can also act 
as an alkylating agent. The acid-catalysed re- 
arrangement can be represented as : 


CeH^-NH.R 

R+ 


^RCeH.-NH, 
'^CjHg-NHa -1- olefin 


^Phenyl ethers (especially allyl, benzyl, tri- 
phenylmethyl and <er<.-alkyl ethers of phenols) 
imdergo isomerisations analogous to the Hof- 
mann-Martius reaction. ^-Naphthyl allyl ether 
is completely converted to l-allyl-2-naphthol 
at 210°. On the other hand phenyl benzyl ether 
is only partly converted into 4-hydroxydiphenyl- 
methane by heating with zinc chloride at 160°. 
With aluminium chloride other groups can be 
made to migrate from oxygen to the nucleus 
and also migrate from one position in the 
nucleus to another {see Baddeley, ibid. 1943, 
273). Claisen considered that the o-migration 
of aDyl groups involved the attachment of the 
y-aUyl carbon to the o-position : 


CH, 


CH, 


o 

CH 

OH CH 

X” 

II 

CHj 

CH, 





Phenyl cinnamyl and ^-naphthyl allyl ethers 
heated together rearrange quite independently 
(Hurd and Smerling, J. Amer. Chem. Soc. 1937, 
59, 107) and the intramolecular nature of the 
reaction seems clear. AVith alkyl groups, other 
than the special aUyl case, migration of positive 
alkyl ions seems the probable mechanism. 
Olefin is formed when the o-p-positions are 
blocked. 

The very similar Fries rearrangement (Fries 
and collaborators, Ber. 1908, 41, 4272: von 
Auwers, Annalen, 1926, 447, 162; 1928, 460, 
240; Cox, J. Amer. Chem. Soc. 1930, 52, 352; 


W. Baker, J.C.S. 1934, 1684) is carried out by 
heating phenyl esters of carboxylic acids with 
aluminium, zinc, or ferric chlorides, when the 
acyl group migrates to the o-position and less 
easily to the p-position. When these reactions 
are carried out in diphenyl ether the acyl 
group enters the solvent, and in presence of 
alcohols esters are formed. Hence the acyl 
group is separated in these reactions and the 
mechanism is at least partly intermolecular. 

Acetanilide does not undergo a similar re- 
action but the diacetyl derivative readily does 
so on heating with zinc chloride : 

CgHg-N (COMe)2 -v MeCO-CgH^-N HCOMe 
(Chattaway, ibid. 1904, 85, 386). 

The Kolbe synthesis of sahcyHo acid (Annalen, 
1860, 113, 126; J. pr. Chem. 1876, [ii], 11, 24; 
Schmitt, ibid. 1886, [ii], 31, 397 ; Tijinstra, Ber. 
1906, 88, 1376) may partly involve the con- 
version of sodium phenyl carbonate to sodium 
salicylate : 

CjHg-O COONa -)-C6H4(OH)COONa (1:2-) 

but direct substitution of the very active 
phenoxide ion by carbon dioxide certainly takes 
place and the isomeric change proceeds, at least 
to a considerable extent, through dissociation 
and resubstitution. 

Migration of Sulphonic, Nitro, and Nitroso 
Groups. — Most of the substitution reactions of 
aromatic amines and a few of those of phenols 
involve initial attack on the side- chain followed 
by a rearrangement to the nuclear substituted 
product. Phenylsulphuric acids and their salts 
(Baumann, ibid. 1878, 11, 1910 ; Van Charante, 
Rec. trav. chim. 1908, 27, 69), arybulphamio 
acids and their salts on heating alone, and sul- 
phanilides (e.p.Me-CjH^-N Et-SO,Ph) on heat- 
ing with 80% sulphuric acid undergo changes 
leading to the formation of, e.g., phenol-p- 
sulphonic acid, anihne-o-sulphonic acid and 
-p-sulphonic acid, and in the sulphonamide 
example , 2-ethylamino - 5 - methyldiphenylsul- 
phone. The mechanism appears to be fission 
and reaubstitution. 

Aromatic amines with nitric acid in acetic 
anhydride give nitroamines which are converted 
by acids to o- and p-nitroanilines (Orton, Brit. 
Assoc. Rep. 1912, 117 ; Bradfield and Orton, 
J.C.S. 1929, 916). The reaction appears to be 
intramolecular, in contrast to the reaction of 
aromatic nitrosamines with hydrogen chloride 
to give nitrosoanilines together with chlorinated 
amines, clearly by a reaction involving the 
formation of nitrosyl chloride or oxides of 
nitrogen and chlorine (Fischer and Hipp, Ber. 
1887, 20, 1247 ; cf. ibid. 1912, 45, 1098). 

Migration of Halogen. — N-Ghloroacetanilide is 
isolated by the action of hypochlorous acid on 
acetanilide. Its conversion to o- and p-chloro- 
acetanilides is also in marked contrast to the 
nitroamine change and is one of the clearest 
cases of intermolecular rearrangement. Orton 
and his collaborators (Brit. Assoc. Rep. 1910, 
85 ; J.C.S. 1928, 998 ; Olsen and Homel, 
J. Org. Chem. 1938, 3, 76) showed that hydrogen 
chloride is a specific catalyst and the equilibrium 

CeHg-NCI-COMe + HCI 

^ CeHs-NH-COMe + Clj 
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is established. The free chlorine irreversibly 
chlorinates the aromatic nucleus in acetanilide 
giving j)-chIoroacetanilide with some o-isomer. 
Phenols, amines, and other anilides present in 
the system, if sufficiently active, are also 
chlorinated. In contrast to this behaAnour in 
aqueous solutions, the rearrangement of N- 
halogenated anilides in non-h3ffirox3dic solvents 
is an intramolecular process catalysed by acids 
generally with no specific effect from hydrogen 
chloride (Bell ct al., Proc. R03'. Soc. 1934, A, 
143, 377; J.C.S. 1939, 1096, 1774). 

2‘Ai&-lribrom6bcnzentdiazoninm chloride is con- 
verted, by heating in alcohol-other solution, 
into 4 - chloro - 2:6 - dibromohenzenediazonmin 
bromide (Hantsch and Smyth, Bor. 1000, 83, 
605; c/. studies by Hantsch and collaborators 
on other similar reactions). The free halogen 
ion displaces the halogen in the ^i-position 
relative to the positive pole. The factors 
operating resemble those which lend to replace- 
ment of halogen in 0- and p-cliloronitrobenzcnes 
in which the reactive positions show electron 
accepting properties. This reaction is 

[CjH^Brg-NfN]- -1- CP 

-> [CjHaCIBrj-NjNr + Br' 


and is included hero ns a case of migration of 
halogen from side-chain to nucleus but in 
mechanism it in no way resembles the other 
examples above. 

Migration of Hydroxyl and Related Groups . — 
Arylhydroxylamines heated m'th sulphuric 
acid undergo, amongst other reactions, re- 
arrangement to give p-aminophonols, if (he 
p-position is free and, if it is not free, imino- 
quinol, hydroquinono, and resorcinol derivatives 
(Gattermann, ibid, 1893, 26, 1844 ; Bamberger, 
ibid. 1907, 40, 1893). The reactions can bo 
represented as : 


NH-OH 


NH-OH 




R 


NHj 



>- 



OH 


OH 




p 


OH 


Azoxybenzono heated with sulphuric acid 
undergoes a somewhat similar rearrangement 
(Wallach and Bilh', Bor. 1880, 13, 625 ; Lach- 
man, J. Amor. Cheni. Soc. 1902, 24, 1178) : 

C,H,-N:NO-C„Hc 

-y CoH 5-N:N-C«H,-OH (p-). 

Tcrtinr3’' aromatic amino oxides saturated with 
sulphur dio.xido also give the corresponding 
nlk3daminophcnol8 (Bamberger and Tsohimor, 
Ber. 1899, 32, 1882). 

Migration of Amino Groups arid Derivatives . — 
The partial conversion of phon3-lliydrnzino 
h3-drochlorido to tho h3'drochlorido of p- 
phen3’lencdinmino by heating at 200° bears at 
least a formal relationship to several of tho other 
migrations from side-chains discussed above 
and also to tho benzidine change. 

Tlio two reactions under this general heading 
which have been most full3' studied are tho 
conversion of diazoatninobenzone to nminoazo- 
benzene, a t3-pical inlernioicculnr reaction, and 
tho benzidine change, one of tho clearest cases of 
the intramolecular 13710. 

Benzenediazonium salts couple with aniline 
in wcakl3’ acid solution to give diazoamino- 
benzene, which is converted to nminoazobenzono 
b3f heating with stronger acid. This reaction 
involves the following changes : 


HCI 


N~N -1- Cl' + 




' I 







CP 


With some derivatives of tho two reactants 
little or none of tho diazoamino intonnediato 
may bo formed. When tho p-position in tho 
amine is occupied, tho azo-coupling takes place 
in tho o-position. ^ If diazoaminotoluono is 
heated in solution with aniline h3"drochlorido 
tho azo group enters tho aniline, to give nmino- 
azobenzono, and with /3-nnphthol in solution 
dinzonminobonzono gives a 90% yield of bonzono- 
nzo-)3-nnphthol (Niotzki, ibid. 1877, 10, 662; 
ICidd, J. Org. Chom. 1937, 2, 198). 

Tho conversion of hydrazobonzono (l:2-di- 
phonylhydrnzino) and its derivatives to ben- 
zidine and its derivatives or related compounds 
is one of tho most important and interesting 
rearrangements and ono of tho most difficult 
fully to understand theoretically (Jacobson, 
Annalcn, 1922, 428, 70; Robinson, J.C.S. 1941, 
220; Ingold, ibid. 1941, 608; see these sum- 
maries and discussions for further roforonoos). 
Tho following is a brief abstract from a groat 
amount of information and discussion. 

Tho four main typos of product from these 
rearrangements can bo represented ns follows : 
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NH,/ \-/ \ 


NH, 



f \-/ \nh 


Benzidine. 




NHj 
Diphenyline. 


Ph_NH— NH— Ph 



i^-Semidine. 




o-Semidine. 


Hydrazobenzene and its derivatives generally 
give the corresponding benzidine as the main 
product if that is structurally possible and the 
yields are often very good. Substituents never 
exercise any directive power in the migration 
except in so far as they may occupy the p- 
position, thus preventing the formation of 
benzidines, so that one of the other possibilities, 
usually a semidine, becomes the main product. 
If the ^-position is occupied by Cl, COOH, 
SOjH, or O'COMe, this group is often 
eliminated and the benzidine formed. 3-Amino- 
diphenyl and o-benzidine (2;2'-diaminodiphenyl) 
derivatives are not formed, but l:2-di-a- 
naphthylhydrazine gives both symmetrical 
diamines ; l:2-di-j8-naphthylhydrazine gives the 
o-benzidine type of product only : 

Q Q 

0'~'0 
NHg , NHg 

An early and curiously persistent hypothesis 
postulated that p-semi«iine is an intermediate 
in the conversion of hydrazobenzene 'to ben- 
zidine, but Robinson and Robinson (1918) 
showed that the semidine is not converted to 
benzidine under the conditions of this reaction. 
The intramolecular character of the rearrange- 
ment is clearly shown by two types of evidence. 
Firstly, amongst the large number of examples 
of this rearrangement studied or reviewed by 
Jacobsen not one example was found in which 
A-NH-NH-B gave NH^-A-A-NHa or 
NHj-B-B-NHg,' the product always contains 
both parts of the original molecule giving 
N Hg'A-B-N Hg. Secon^y, when 2;2'-diethoxy- 
hydrazobenzene and 2:2'-dimethoxyhydrazo- 
benzene (dianisidine) were rearranged together. 
Ingold and Kidd showed by thermal analysis 
that methoxyethoxybenzidine is not formed but 
only diethoxy- and dimethoxybenzidines. With 
such closely related compoimds any separation 
of the two parts would certainly have led to the 
production of the imsymmetrical product. 
This evidence appears sufficient, but it can be 
supported in various ways. For example, tetra- 
phenylhydrazine (NPhg-NPhj) dissociates into 
free radicals and also undergoes the benzidine 
change but not under the conditions which 
favour dissociation. 

Robinson (Z.c.) discusses the mechanism of the 


reaction in terms of his electronic oscUlation 
h3T5othesis applied to the positive ion of the 
hydrazobenzene salt, and Ingold ((.c.) gives an 
explanation in terms of resonance theory applied 
to the “ formally neutral molecule.” In spite of 
considerable (hfferences, these explanations 
have a good deal in common and, particularly, 
both postulate the formation of new linkages 
before the complete fission of those between the 
nitrogens, and the facilitation of the formation 
of this transition state through the possibilities 
of electron redistribution which normally 
govern, for example, aromatic substitution. 
The following formula illustrates how the 
positive charge on one nitrogen in the ion of the 
salt leads in the normal way to a strongly 
electron accepting p-position in the attached 
benzene nucleus which will combine with the 
strongly donating position p- to the trivalent 
nitrogen in the other nucleus : 



Migrations in Heterocyclic Compounds . — These 
are mainly migrations from the hetero-atom into 
the nucleus and can be illustrated by the 
following examples : 

N -alkyl- and N -acyl-pyrroles give a-alkyl and 
a-acyl derivatives on heating (Ciamician and 
Zanetti, Ber. 1889, 22, 659, 2618), and the 
corresponding pyridine derivatives show migra- 
tions to both the a- and the y-positions (Lange, 
ibid. 1885, 18, 3436). N-benzylpyrrole imder- 
goes one of the most interesting rearrangements 
in this type of compound, giving a-benzyl- 
P 3 rrrole and jS-phenylpyridine. The formation 
of the latter product, presumably through the 
former, involves a ring enlargement and loss of 
hydrogen (Pictet, ibid. 1905, 38, 1946). 


N 


V/CHj-Ph 

NH 


+ H« 


N 


CHg-Ph 

The conversion of the quaternary hydroxides 
of aromatic heterooychc compounds to pseudo 
bases is formally an isomeric change, but it is 
essentially an addition reaction leading to at 






185 


MOLECULAE. REARRANGEMENTS. 


least partial loss of aromatic character. In 
N-(2:3-dinitrophenyl)-pyridines this reaction 
leads to opening of the pyridine ring. 



NOo NO- 


In heterocyclic systems containing t^i'o or 
more hetero atoms, possibilities analogous to 
those indicated above arise and also some 
analogous to those included below under migra- 
tions between oxj-gen, nitrogen, and sulphur, etc. 

Ainio>'irrM Ctakate and Uhea. 

The discoveiy- of the change of ammonium 
cj-anate into urea is recognised ns a landmark in 
the history of chemistry because of its influence 
on the development of organic chemistry', ns an 
example of the eonversion of a compound 
obtained from typically mineral sources into so 
characteristic a product of metabolism (Wohler, 
Annalen (Poggendorfj, 1828, 12, 253). The 
reaction is reversible and clearly involves dis- 
sociation into ammonia and cyanic acid (Chntta- 
way, J.C.S. 1912, 101, 170) apparently giving 
tte hydroxylic form of cyanic acid which 
isomerises to the beto form, the carbonyl group 
of which reacts with ammonia (E. A. 'Wemer, 
ibid. 1913, 103, 1010 ; 1914, 105, 923 ; 1918, 111, 
84 el seq. ; “ Chemistry of Urea,” Longmans, 
Green and Co. 1923) : 

NH^-O-CiN ^ NH3-}-H0-C:N . 

^ NH:C:0 -f NH, HNjC-NHg 

6 - 

The ^ kinetics of these reactions have been 
studied and discussed in detail (Wemer, op. cil.). 


in relation to the properties of urea and cjmnic 
acid, and in particular to the cyclic formula for 
urea 

(nh=c(| ) 

a modem form of wliich is given above. 

Ammonium thiocyanate gives thiourea on 
heating and hydrazine cj’anato forms semi- 
carbazidc. 

C. SHGRATIONS BETWEEN OXYGEN, 
NITROGEN ^\ND SULPHUR, ETC. 

A great variety of miscellaneous reactions come 
under this heading. A number of them arc re- 
actions which commonl}' occur between reactive 
centres in dilTcrent molecules and which bccomo 
molecular rearrangements when the analogous 
reactive centres occur in the same molecule. 

Raiford and collaborators studied very fully 
the migration of acyl grou))3 in o- aminophcnols 
(J. Anicr. Chem. Soc. 1919-192.5; <*/. Nelson 
and Davis, ibid. 1926, 48, 1680). 

One of tho most extensively investigated 
groups of reactions under this general heading 
involves carbox3'lic and carbonic acid deriva- 
tives, Alkj'l thioc\'anntcs on heating give j>o- 
thiocjmnatcs (Johnson cl al., Amcr. Chora. J. 
1907-1908), isocyanidcs give nitriles. Diaryl- 
thioncarbonates, CS(OAr)2, give thiolcar- 
bonates, CO(OAr)-SAr (von Vargha, Bcr. 
1930, 63 [B], 178). Imidols of the form 
ArC(OAr):NAr give amides Ar-CO-NAr, 
and amidincs undergo similar changes. Chap- 
man and collaborators liavc made a detailed 
studj' of reactions of these last two tj’pes. Low 
electron availabilitj* in tho migrating group 
facilitates both the forward and reverse reactions 
and liigh availabilitj- in the group B facilitates 
the reverse reaction. When two different amides 
or imidol ethers are mixed and rearranged they 
do so indcpcndcntlj’ and no mixed product is 
formed. Thus tho reactions arc intramolecular. 
Tlicy can bo represented ns 

Ar— C=NA Ar— C— NAj 

I II 

NB— A NB 

The rcscmblanco to tho mechanism given for tho 
Hofmann and related degradations is onlj’ 
superficial. Tho mechanisms and the factors 
determining them are quite different. 




disulphide 
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Sulphides, sulphoxides, and some sulphones 
undergo rearrangements (Smiles and colla- 
borators, J.G.S. 1925-1933) particularly rrhen a 
hydroxyl, a min o- or acetylamino-group is 
present in the o-position relative to the stdphur 
atom. The cycle of reactions given at foot of 
p. 185 shows a migration from sulphur to 
oxygen in the sulphone and from o::^gen to 
sulphim in the thiol (Warren and Smiles, ibid. 
1932, 1040). The presence of a nitro-group in 
the migrating group facilitates the reactions. 
The alkali presumably gives phenoxides or thio- 
phenoxides with the hydroxyl or thiol groups, 
and the migrating group is transferred to the 
powerful electron-donor sulphur or oxygen. 

G. N. B. 

MOLECULARSPECTRA(INFRA-RED 
AND RAMAN). — Although the existence of 
radiation beyond the red end of the visible 
spectrum was first demonstrated by Sir William 
Ilerschel in 1800, nearly a hundred years elapsed 
before anyreal progress was made in investigating 
spectra in the infra-red. This was largely due 
to the lack of sufficiently sensitive devices for 
measuring the radiation. The introduction of the 
bolometer, the radio-micrometer, and of vacuum 
thermopiles towards the end of the last century 
made it practicable to record spectra out to 
about 20/t.,* and by 1910 the spectra of many 
molecules had been recorded under conditions 
of moderate resolving power. The interpreta- 
tion of these spectra was by no means clear, 
although it was fairly obvious that the presence 
of certain bonds (or groups) in a molecule gave 
rise to characteristic absorption bands in the 
infra-red. Thus aU hydrocarbons have character- 
istically powerful absorption bands near 3'4/t. 
and 7fi. (see Fig. 1), while all aliphatic alcohols 
have bands at 2-9fi. and 6-8/t., and so on. 
From the fact that many of the higher infra-red 
frequencies were integral mtdtiples of the lower 
ones, it was surmised that the absorptions were 
to be associated with certain characteristic 
frequencies of the molecule, but it required the 
application of Planck’s quantum theory to 
establish the fact that nearly all molecular 
spectra in the infra-red arise from changes in 
vibrational and rotational energy. Only in 
exceptional cases do spectra caused by changes 
in electronic energy fall in the infra-red, and it 
is equally unusual to find spectra in the visible 
region arising from changes in vibrational 
energy. The explanation is that, in general, it 
takes approximately ten times as much energy 
to alter the electronic configuration of a mole- 
cule as it does to alter the vibrational state. 
Similarly vibrational energies are about ten 
times greater than rotational energies, so that 
pure rotation spectra are confined entirely to the 
far region of the infi:a-red (see Fig. 1). The 
phrase “ infrn-red spectrum ” has thus come to 
be used loosely to describe both the “ pure 
rotation ” and the “ vibration-rotation ” spec- 

* tVave-lengths in the infra-red are usnaHy ex- 
pressed in terms of fi., where l/i.=10-3 mm.=10,000 
Angstrom units (A.) ; frequencies in the in&a-red are 
conventionaHy expressed in terms of wave numbers 
(cm.~i), i.e., the number of wave-lengths contained 
in 1 cm. Thus 20p,=l/50 mm. and corresponds to a 
frequency of 500 cm,-i=l-5xJ0i3 vjbratioiis per 
second. 





(a) Infra-Red Frequencies (b) Raman Frequencies (c) Raman Frequency 
V V V V — V V — V_ V + V 

(Stokes) (Anti* Stokes) 

FlO. 2. 

lowest energy, or “ ground ” state, of the mole- r is momentarily absorbed b)* the molecule, 
cule and Fj, E^, . . . are vibrational energy which is raised to some unstable electronic level 

levels corresponding to frequencies vj, vo, vj . . ., E', from which it immediately drops down either 
then absorption in the infra-red is duo to a to the •original state E^ or to some excited 
transition in which the molecule passes directly vibrational state E^, E«, E^ . , . In the former 
from Eg to Fj, E^, Eg .. . The process of case the frequency of the scattered light is the 
, light scattering by a molecule is, however, to be same as that of the incident light, and this is 
pictured as an electronic absorption followed by known ns classical or Eaylcigh scattering; in the 
an electronic emission. The incident frequency latter case the frequencies of the scattered light 

Exciting Line 


Stokes Lines X 4358 A Anti Stokes Lines 



Frequency 22163 22479 22721 22938 23155 23397 

in ernr^ 22625 23251 


FlO. 3. 

are less than that of the incident light, viz. “ anti-Slohes freqtiencies,” in contrast to the 
_ r—Vg, etc, ; this is known as Raman cases of diminished frequency, which arc known 
scattering and v^, etc., are Raman frequencies as “ Stohes frequencies.” Since the appearance 
of the molecule. It is clear that if light is of anti-Stokes frequencies depends on the occur- 
mcident on a molecule which is already in an renco of molecules in excited states, only the 
excited state, and on scattering the molecule lower frequencies of a molecule (<700 cm.~^) 
Mops to the ground state, then the scattered will appear as anti-Stokes frequencies in the 
frequency will be greater than the incident fre- Raman spectrum at ordinary temperatures, 
quency, viz. v+vg, etc. These cases of This is illustrated in Fig. 3, showing tho Ramaii 
enUanced frequency are often referred to as spectrum of carbon tetrachloride, in w'hioh the 
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frequencies 217, 313, 459, and 775 cm. * are 
excited as Stokes lines, but only 217, 313, and 
459 cm.-i as anti-Stokes lines. The foregoing 
discussion of Raman spectra has been limited 
to vibrational frequencies. Exactly similar 
arguments apply to the rotational frequencies, 
and rotational Raman spectra have been 
observed for some of the simpler polyatomic 
molecules. As it is necessary to have the mole- 
cules in the gaseous state in order to get rota- 
tional spectra and the intensity of the scattered 
light from gases is extremely weak and conse- 
quently hard to observe, pure rotational Raman 
spectra are not of great practical importance. 
For similar reasons the rotational fine structnre 
•which is superimposed on all vibrational Raman 
frequencies -will be ignored in this article. 

3?rom a chemical standpoint infra-red and 
Raman spectra are important, not as a means 
of confirming the postulates of the quantum 
theory, but as tools for two main purposes, viz. 
(a) the determination of molecular structure, 
and (5) the identification of a particular com- 
pound in the presence of others from •which itds 
hard to distinguish by chemical or other physical 
means. In the former case it is usually essential 
to have both the infra-red and the Raman 
spectrum of the molecule (in the gaseous state) 
under conditions of high resolving-power, and 
the complete interpretation of this spectrum 
requires a detailed knowledge of a specialised 
branch of quantum theory. In this article the 


method of interpretation, indicating the limita- 
tions as well as the possibilities of this way of 
investigating molecular structure, is presented 
only in outline. The use of vibration spectra 
for purposes of identification naturally requires 
much less knowledge of the theory, and some 
general rules for interpretation can be given. 

The present treatment is restricted to poly- 
atomic molecules. The vibration spectra of 
diatomic molecules are of very little interest, 
since the information obtained from them can 
usually be obtained much more satisfactorily from 
electronic spectra (v. this VoL, p. 197a e< seq.). 

PBESCrPLES OE luTEIlPBETATION, 

Pure Rotation Spectra. — The rotational 
energy of any molecule depends upon the 
momenta of inertia of the molecule and upon 
certain quantum numbers controlling the 
quantisation of the angular momentum of the 
molecule. There are four possible cases, accord- 
ing to the degree of symmetry of the molecule. 
These are given in Table I, in which 7^, Ib, 
and Jo are the three moments of inertia of the 
molecule, ft is Planck’s constant (6-66X 10~^^ 
erg sec.“i), and J and Jf are rotational quantum 
numbers taking the values indicated. Pure 
rotation spectra arise from transitions between 
the rotational energy levels caused by emission, 
absorption, or scattering of radiation and the 
selection rules governing the allowed transitions 
have been included in Table I. Thus for a 


Table I. — ^Rotational Energy Eormule and Selection Rtfles bob the Foeb Classes 

OF Polyatomic Moleoelbs. 


Class of molecule. 


Selection rules. 

Expression for rotational energy, B,. 

(o) 

Infra-red spectra. 


Linear 

Jaw^b; -Ic=0 

J=0, l,-2, . . . 

II 

H- 

t— « 

ilJ=0, ±2 

Spherical 


No active 

No active 

11 

11 

J=0, 1, 2. . . , 

transitions 

transitions 

Symmetrical top 

Jf < / ; J =0, 1, . . . 

AJ=±1 

2lJ=0, ±1, ±2 

iA=iB=4=lo 



Asymmetrical top 
JA=(=JB=j=Jo 

No simple explicit expression in 
terms of J, the quantum num- 
ber for total angular momen- 
tum. 

bH 

II 

NJ 

=0, 


linear molecule the possible energy changes in 
the infra-red are given by : 

AEr=Jft^/477^JA, 

>^=1, 2, 3, (1), 

and the corresponding spectral frequencies are : 
vr==AErlh^Jhf4^^I^, 

J=1.2,3, (2). 

In other words the pure rotation spectrum of a 
linear molecule in the infra-red consists of a 


I number of equally spaced lines, the separation 
j between the lines being inversely proportional 
[ to the moment of inertia of the moleccde. The 
same is true of the Raman spectrum, only the 
separation between the lines is twice as great. 
Observation of these spectra, which is unfor- 
tunately technically difficult, would therefore 
yield a value for the moment of inertia of the 
molecule. In the case of spherically symmetrical 
molecules, such as methane or carbon tetra- 
chloride, transitions between the levels do not 
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arise through emission, absorption, or scatter- ; 
ing ; consequently such molecules have no pure 
rotation spectra. This phenomenon might 
therefore he used as a test of spherical symmctiy' 
in the investigation of moleeular structure. Li 
the case of symmetrical-top molecules, sucli as 
ammonia or the methyl halides, the infra-red 
spectrum is of exactly the same tj-po ns in the 
linear molecule, and yields a value for one of the 
moments of inertia (7a). It is important te 
notice that no information can ho obtained 
about the other moment of inertia (7o) from 
spacings in rotation spectra, because of the 
selection rule zl jr=0. It is possible, however, to 
obtain information about the ratio 7o/7a from 
the intensities of the lines. In tho caso of 
asymmetrical-top molecules, there is no expb'cit 
expression for the energy levels in terms of tho 
moments of inertia, but the energy -level scheme 
may be computed in terms of these moments, 
provided certain algebraic equations can be 
solved. This means that the values of the 
three moments of inertia cannot be derived in a 
straightforward way. However, it is possible 
to obtain the values of tho moments of inertia 
by a process of trial and error, by starting from 
probable values and computing an energy-level 
scheme. The trial values can then bo modified 
until the computed energj' levels agree with 
those derived from the spectrum. Frequently 
it is possible to obtain a fair approximation to 
the spectrum of an asj'mmetrical molecule in 
which the difference between two of tho moments 
of inertia is small by treating it as a sym- 
metrical-top molectdo of wliich the levels have 
been perturbed, through the imperfection of the 
symmetry. The difficulties of the theory arc 
further increased by the fact that distortion of 
the molecule takes place at high rotational 
energies through the action of centrifugal forces. 
In spite of these complications, the pure rotation 
spectrum of water vapour, which extends in the 
infra-red from 15fi. to beyond 13o/i., has been 
successfully obser\'ed and interpreted bj' Denni- 
son, Randall, and others (Physical Rev. 1937, 
[ii], 52, 160; idid. 1940, [ii], 57, 128) to yield 
highly accurate values for the moments of 
inertia and thus for the intemuclear distances 
(O-H distance=0-9580 A., HOH angle=104° 
31'). 

It is unlikely, however, that pure rotation 
spectra will ever become an important tool in 
the elucidation of molecular structure. Tho 
experimental difficulties in obtaining these 
spectra (which will bo discussed briefly in tho 
section on experimental methods, p. 1945) are 
quite formidable, particularly imder high re- 
solving power, and most of tho information 
obtained can equally well be derived from tho 
vibration-rotation spectrum, which lies in a 
much more accessible region of the infra-red. 

Vibration-Rotation Spectra. — ^Tho vibra- 
tional energy of any molecule is given by tho 
expression : 

Ev=(ni-t-J)/ivi-f (nj-l-il/irj-f ... . (3), 

where vg . . . are the “ fundamental ” fre- 
quencies of the molecide, and n^, n„, . . . are 
quantum numbers which may take any positive 
mtegral value. The number of fundamental 


frequencies depends on tho number of atoms in 
the molecule, there being in general 3n— G funda- 
mentals for a molecule containing n atoms. 
However, if the molecule is linear, the number 
of fundamentals is 3n—5. These fundamental 
frequencies depend in turn on tho masses of tho 
atoms, the intemuclear distances and angles, 
and tho restoring forces brought into play when 
the atoms arc displaced from their equilibrium 
positions in tho molecule. Thus in the special 
caso of a diatomic molecule, for which it is 
assumed that the restoring force is of a Hooko’s 
Law tj-pe (t.e., an alteration of tho equilibrium 
intemuclear distance by an amount x causes a 
restoring force /:x to come into play), tho funda- 
mcn hI frequency is given b}' tho equation : 

v=(l/2a-)-v/{^(«»i+w»2)/"*iW>j} • • W’ 

where ni, amd ju, aro tho masses of tho two 
atoms. Vibration-rotation spectra arise from 
transitions between the energy’ levels given by 
(3) tlirough the emission, absoqdion, or scatter- 
ing of radiation. Just ns in the rotational case, 
the transitions arc governed In* selection rules, 
and these selection mlcs depend on the .sym- 
nictrj' of tho molecule. It is not {lossiblo in an 
article of this type to consider all the possible 
types of symmetry with their associated selection 
rales, but some general rule.s can Ijc given which 
should make it clear how tho analj'sis of vibra- 
tion spectra enables a molecule to be assigned to 
a definite symmetrj’ cla.ss. 

The first’of these general rules is that by far 
tho most probable of tho “ allowed " transitions 
arc those in which one of tho quantum numbers 
changes by one unit while all the others remain 
unaltered. In other words, the most frequent 
energy changes in absoqffion or scattering corre- 
spond to certain of tho fundamental frequencies, 
vj, »•;, etc., of the molecule. The less frequent 
transitions in which a quantum number changes 
by more than one unit, or several quantum 
numbers change simultaneously*, correspond to 
“ overtone ” (2ri, 2 ^ 2 , etc.) or “ combination ” 
frequencies (>’!-)- iv, jC-f 2»-,-f3c,, etc.). This 
rule allows many of tho fundamental fre- 
quencies to bo identified with tho most intense 
absorption or Raman frequencies, but it docs 
not by any means solve the problem of deter- 
mining all tho fundamental frequencies of the 
molecule. It frequently happens that certain 
“ allowed ” fundamentab arc relatively* weak 
in absorption and scattering while some overtone 
or combination frequencies arc stronger than 
these weakly active fundamentals. 

Tho second rule is that fundamental fre- 
quencies will bo active in absorption only when 
tho mode of vibration of tho molecule associated 
with that fundamental frequency causes an 
cquiperiodic variation in tho permanent oloctrio 
moment of tho molecide. Thus in Fig. 4, which 
represents tho five fundamental modes'of idbra- 
tion of acetylene, vj, vj, and vg aro completely 
^symmetrical modes which cause no variation in 
tho permanent (zero) moment of tliis molecule. 
These three fundamentals will not appear in the 
infra-red spectrum, but vg and Avill give rise 
to absorption, as their unsymmotrical nature 
gives rbe to an oscillating dipole-raomcnt. 
If, however, one of tho hydrogen atoms in 
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acetylene is replaced by a deuterium atom, aU 
the vibrations , become unsymmetrical and 
therefore active in absorption. The relative 
intensity of the different active fundamentals in 
absorption is directly related to the amplitude 
of the associated change in dipole moment. This 
explains 'why certain fundamentals, •which may 
be “ allowed ” as far as symmetry conditions 
are concerned, may yet be very weak in intensity. 

The third rule is that fundamental frequencies 
•wiU he active in Raman scattering only when the 
mode of vibration of the molecule associated 
with that fundamental frequency causes an 
equiperiodic variation in the polarisibdity of 
the molecule. Thus on referring to the vibra- 
tions of acetylene in Fig. 4, it is seen that the 
three symmetrical frequencies vj, vj, and vg 'will 
cause the polarisibihty of the molecule to vary 
with the corresponding frequency, whereas the 
unsymmetrical frequencies Vg and will cause 
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the polarisibility to pass through two complete 
cycles for each complete cycle of either ■vibration. 
This may be grasped more readily if it is noticed 
that on starting from one extreme position of 
either vj or the configuration of the molecule 
after half of a vibration cycle is the same as 
that obtained by rotating the molecide through 
180° about any fine through the centre of 
gravity and perpendicidar to the axis of the 
molecule. As the molecule is constantly rotating, 
the polarisibility after half a cycle must be the 
same as it was at the beginning of the cycle ; in 
other words the polarisibility has completed its 
cycle of variation at double the fundamental 
frequency. This means that the overtones 2^3 
and 2^4 may appear in the Raman spectrum 
although the fundamentals are forbidden. 

It is clear that the application of these last 
two rules presupposes a knowledge of the 
physical character of the fundamental or 
“ normal ” modes of ■vibration of the molecule. 
How, for instance, were the normal modes of 
acetylene illustrated in Fig. 4 derived ? Was it 
by the application of mathematical methods, or 
was it possible to use general physical argu- 


ments ? The answer is that in this particular 
case either method may be employed, but that 
the mathematical approach is the more funda- 
mental. Any molecule may be regarded as a 
vibrating system made up of a number of atoms 
having a definite equilibrium configuration, 
determined by the interatomic forces. Now 
any -vibrating system possesses a limited number 
of “ fundamental ” or “ normal ” modes of 
vibration, such that every possible -vibration of 
the system can be built up out of these funda- 
mentals or their overtones, while none of the 
fundamentals can be built up from any com- 
bination of the other fundamentals. The 
derivation of the physical nature of the fimda- 
mentals of any -vibrating system is straight- 
forward applied mathematics (see E. T. ITOt- 
taker, “ .^alytical Dynamics,” Cambridge 
University Press, 1927) but the actual working 
out is very complicated, and special techniques 
have been developed for molecular vibrations ; 
these cannot be dealt with in this article. The 
other method, which can only be employed in 
simple cases, is the physical method of building 
up the normal modes of the molecule out of the 
normal modes of simpler -vibrating rmits -within 
the molecule. This method does not give more 
than the general physical character of the funda- 
mentals, but this is all that is required in order 
to establish their symmetry properties and corre- 
sponding selection rules. 

As an illustratioD, the physical method may be 
applied to the acetylene molecule of Fig. 4. 
Consider the molecule to be built up from two 
CH groups. Each of these CH groups possesses 
a fundamental frequency, so the complete mole- 
cule will possess two “ CH frequencies,” one 
corresponding to the two CH fundamentals 
oscillating in phase -with one another, the other 
corresponding to them oscillating out of phase. 
The former is the latter is Vy If the CH 
groups are regarded as two rigid groups, vibrat- 
ing like a large diatomic molecule, the vibration 
being largely controlled by the forces of the 
C=C bond, another of the fundamentals, viz. 
Vj, is obtained. Finally, if oscillations of the 
CH groups are considered which involve only 
motions of the atoms perpendicidar to the axis 
of the molecule, the two groups may oscillate, 
either in phase (V 4 ) or out of phase (vj). This 
gives the five fundamentals illustrated in Fig. 4. 
However, it was stated earlier that a linear 
molecule -with n atoms shoidd have 3n— 5 funda- 
mentals ; this requires acetylene to have 7 
fundamentals. The explanation of the apparent 
discrepancy is that V 4 and vg are “ degenerate ” 
modes of -vibration, each -vibration being really 
two -vibrations which are physically indis- 
tingiushable. Thus and could equally well 
have been represented as motions in a plane 
through the molecule perpendicular to the plane 
of the paper. There is, however, nothing which 
distinguishes the first -vibration plane from the 
second, and the motions of the atoms cannot in 
fact be regarded as confined to one plane or the 
other, although the motions can be resolved into 
components in these two planes as a matter of 
mathematical convenience. The phenomenon 
of degeneracy is therefore a consequence of the 
high symmetry of the molecule, and is of quite 
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frequent occurrence in simple symmetrical 
molecules. In addition to the cases of double 
degeneracy in which the motions of tho atoms 
are isotropic in planes, it is possible to have cases 
of triple degeneracy in which three fundamentals 
have coalesced and the motions of tho atoms aro 
isotropic in space. For instance, tho liiglily sym- 
metrical molecule of methane possesses two 
triply degenerate fimdamentals. 

It should be added that tho results of tliis 
physical method of classifying tho normal 
modes of vibration through their symmetry 
properties can be obtained bj' a purely mathe- 
matical technique involving tho thcoiy of 
groups. By means of certain rules derived from 
group theory it is possible to write do^vn im- 
mediately for any given molecule tho classifi- 
cation of the fundamentals into groups having 
common symmetry properties, and therefore 
obeying the same selection rules. Further, it is 
possible to state tho degree of degeneracy of any 
fundamental, whether it null bo active in absorp- 
tion or in scattering, and in tho latter case, to 


jn-edict some of the polarisation properties of 
tho Raman frequencies. Details of this method, 
which cannot bo included here, are now available 
in 6e%'cral publications {e.g., Rosenthal and 
Murphy, Rev. Mod. Phj’sics, 1930, 8, 317). It 
might appear from this that the physical method 
is of no value, ns it only enables a few of tho 
simpler cases to bo dealt with, whereas tho group- 
theoretical method is absolutely general. The 
ph}'sical method, however, has tho advantage 
that it gives some indication of tho magnitude 
of tho frequencies and this is of considerable 
value in correlating tho observed abso^tion 
and Raman frequencies with tho particular 
normal modes of vibration of tho molecule. For 
instance, tho fundamental frequency of a CH 
group is always in tho ncighboiu'hood of 3,000 
cm.“^, irrespective of tho natiu’e of the moleculo ; 
tho frequency of an OH group is always near 
3,000 cm.“^, and so on. Tho explanation is 
that tho vibration is almost entirely confined 
to tho light h3'drogon atom and is therefore 
practically’ independent of tho rest of tho mole- 
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cule, its magnitude being controlled primarily 
by the value of tho force constant of tho bond 
holding the hydrogen to tho rest of tho moleculo. 
This can be verified by talcing very much 
greater than in equation (4) above, when tho 
expression for tho frequency of tho diatomic 
group reduces to v=(l/27r)v'(^V«'2)- The ex- 
tension of this to frequencies other than those 
involving the motions of hydrogen atoms has 
to be done with some caution. Although certain 
bonds, such as N = N, C=C, C=C, C=0, 
C=N, and C=N, may frequently bo correctly 
associated with fimdamental frequencies in 
polyatomic molecules in tho neighbourhood of 
2,200, 1,650, 2,000, 1,760, 1,660, and 2,100 cm.—^, 
respectively, because the vibration of tho bond 
m question is fairly independent of the rest of 
the molecule, this cannot be taken as true in 
general. The fundamental frequencies of any 
molecule are^ frequencies of the molecule as a 
"tmiole and it is only in the case of the hydrogen 
frequencies that the large difference in mass 
locahses the fundamental with certainty in a 
particular bond. 

Before going on to discuss the application of 


the above rules to a few illustrative examples 
mention may bo made of one other general 
empirical rule governing tho magnitudes of 
fundamental frequencies. It is that frequencies 
which principally involve stretching of bonds are 
greater than those which are associated with tho 
deformation of angles between tho same bonds. 
Thus for acotj'leno in Fig. 4 tho froquoncios 
vj, I’o, and V3 will bo greater than jq and V5. 
Of course it may not always bo possible to make 
tills sharp distinction between a “ bond fre- 
quency ” and a “ deformation frcqiionoy,” 
which can bo done in a linear molecule, but fre- 
quently it will bo found that this division can bo 
made, and is of value in assigning observed 
frequencies to the appropriate mode of vibration. 

Application of Symmetry Selection 
Rules to Simple Molecules .-Suppose tho 
infra-red and Raman spectra of a triatomio 
molecule YXn have been observed, what deduc- 
tions can bo made from them regarding tho 
configuration of tho molecule ? Tho normal 
modes of vibration may bo considered first. 
These are illustrated in Fig. 6, which also in- 
cludes tho selection rules for infra-red and 
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Raman spectra for the two possible configura- 
tions. The selection rules are so difierent in 
the two cases that it should be possible to state 
immediatelj’^ whether the molecule is linear or 
not. In the non-linear case all three funda- 
mentals will appear in absorption and in Raman 
spectra, whereas in the linear case only the two 
unsymmetrical fundamentals ><2 nnd 
appear in absorption and only the symmetrical 
frequency vj will appear in the Raman spectrum. 
It will be noticed that in the linear case the 
infra-red and Raman spectra are complementary, 
and it may be remembered that this was also 
the case in acetylene (Fig. 4). These are, in 
fact, special cases of a general rule which states 
that in a molecule possessing a centre of sym- 
metry, all fundamentals which are unaltered 
by a reflection of aU the co-ordinates in the centre 
of symmetry will be active in the Raman 
spectrum but inactive in the infra-red, whereas 
the opposite .wUl hold for fundamentals which 
are “antisymmetrieal” towards a reflection in 
the centre of symmetry. In this connection 
“ antisymmetrieal ” means that the phase of 
the vibration has been altered by half a complete 
period by reflection in the centre of symmetry. 

The application of this last rule makes it 
possible to determine, from inspection of the 
infra-red and Raman spectra of a YXg molecule, 
whether the configuration is planar (as, for 
example, in the NO-3 ion) or pyramidal (as in 
the ammonia molecule. It has also been applied 
to confirm the hexagonal symmetry of the ben- 
zene molecule. 

The YX^ class of molecules may have either a 
pyramidal or a tetrahedral configuration. Here 
again the selection rules based on the different 
symmetry properties are entirely different and 
allow an immediate decision to be made between 
the two configmations. In a similar way it is 
possible to prove very easily whether molecules 
belonging to the Y2X4 class are planar and 
symmetrical, or have the YXg groups at right- 
angles to one another, and so on. Sometimes 
the symmetry selection rules have been very 
valuable in proving that a particular molecule 
has an rmsymmetrical structure. Examples are 
ozone (w'hioh cannot be equilateral), and hydro- 
gen peroxide and hydrazine (both of which 
have very skew configurations). An extension 
of the same method allows a distinction to be 
made between the cis- and fraris-forms of a com- 
pound ; similarly the existence of free or 
restricted rotation may be established in 
favourable cases. One drawback in all this 
work is that the symmetry selection rules are 
strictly valid only for the vapour state, and 
Raman spectra are extremely diflierdt to obtain 
under such conditions. Even the infra-red 
absorption may present considerable difficulties 
when the boiling-point is over 100°o. 

Rotational Fine Structure and Moments 
of Inertia. — When the vibration spectrum has 
been obtained in the vapoiu- state, there is 
always an extensive fine structme due to the 
changes in rotational energy which accompany 
the change in vibrational ■ energy. As the 
detailed interpretation of this fine structure is 
too complex to be given here, only the main 
results be discussed. The formul® for the 


rotational energy have already been given in the 
section on piue rotation spectra ; the selection 
rules are, however, not quite the same, and 
differ according to the type of vibrational 
transition involved. Thus in the case of a 
linear molecule, idJ—±l for vibrations parallel 
to the axis of the molecide (such as in Fig. 4), 
whereas AJ=0, ±1 for vibrations perpendicular 
to the axis of the molecule (such as in Fig. 4). 
The transitions give rise to a series of 

equally spaced lines on either side of the vibra- 
tion frequency v, the frequency separation 
between the lines being hjiTT^I ; these are 
known as the “ p ” and “ P ” branches of the 
band. The transition AJ=0 in the “ per- 
pendicular ” vibrations gives rise to a “ Q ” 
branch coinciding with the vibration frequency. 
The presence or absence of this Q branch is use- 
ful in assigning bands to the correct mode of 
vibration ; the separation between the lines in 
the P and P branches can be used to evaluate 
the moment of inertia, I, of the molecule. Only 
in the special case of the XYX molecule is it 
possible to calculate the internuclear distances. 
If, however, an isotopie form of the molecule is 
also studied (e.gr., acetylene rvith one or more 
deuterium atoms in place of hydrogen), then 
from the two moments of inertia aU the inter- 
nuclear distances can be obtained. The limiting 
factor in the application of this method to the 
determination of moments of inertia h’es in the 
resolving power attainable in the infra-red. 
Because of the small amount of energy available, 
it is extremely difficult to use slits sufficiently 
narrow to resolve rotation lines closer than 
0-6 cm.~^. This means that in general mole- 
cules with moments of inertia greater than 
10-86 g..cm.^ will not have the rotational fine 
structme sufficiently weU defined to allow an 
accurate estimate of the fine spacing to be made. 
The heaviest linear molecule to have its structure 
resolved so far is CSg with a moment of inertia 
of 247x10“^® g.-cm.^, but it should be added 
that the spacing here is twice the normal, as the 
absence of nuclear spin in the sulphur atom 
causes alternate lines in the spectrum to be 
missing. It is likely that as advances continue 
to be made in the technique of infra-red speotro- 
graphy, this limit will be considerably surpassed. 
A new limit will then be reached, set by the 
natmal width of the absorption lines themselves. 

In the case of spherical molecules the structure 
of each band is exactly the same as for the 
“ perpendicular band ” of a linear molecule, but 
the spacing between the lines varies from band 
to band and is not a simple function of the 
moment of inertia. This is due to the existence 
of internal angular momenta in the molecule, 
arising from the vibrational motions. Allowance 
can be made for this effect and accurate values 
finally derived for the moment of inertia. The 
only molecules which have so far been investi- 
gated are methane, silane, and germane. For 
symmetrical-top molecules both moments of 
inertia can be evaluated, although complications 
occur in determining Iq, again through internal 
angular momenta. The only molecules in this 
class reasonably fully investigated are CH3F, 
CH3CI, NH3, PHj, and BF3. Here again the 
study of deuterium compounds is often helpful 
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in tlie deduction of intemuclear distances from 
moments of inertia. The asymmetrical-top I 
molecules present serious difficulties as noted 
already in the discussion of pure rotation 
spectra. The line spacings and intensities nro 
quite irregular, and the tmravclling of the whole 
structure is a task of extremo difficulty oven for 
the most experienced spectroscopist. In cases 
where the degree of asymmetry is small the 
structure will not differ fundamental!}- from tliat 
in a symmetrical-top molecule, and hero the 
moments of inertia can ho evaluated with much 
less difSculty. Tho following aro tho onl}- 
asymmetrical-top molecules of whicli tho infra- 
red spectra have been successfully analysed to 
give reliable values for the moments of inertia : 
HgO, HjS, and C^H^. 

Smnmarising, it may bo said that although 
in theory the analysis of tho rotational fine- 
structure of infra-red vibration spectra of any 
molecule should yield values for tho moments of 
inertia of that molecule, tho method has so far 
been applied to some thirty molecules, and tho 
prospect of extending this list appreciably is 
smaU unless some advance is made in spectro- 
scopic technique which will proride greater 
resolving power. Even with increased resolving 
power, tho difficulties in unravelling the complex 
structure of the more as^'mmetricnl molecules nro 
formidable. This rather depressing conclusion 
has led investigators to consider whether infor- 
mation on the structure of tho molecule, further 
than that provided by the symmetry selection- 
rules, can bo obtained purely from tho vibration 
spectra in which the rotational fine structure is 
unresolved or only partially resolved. In tho 
case of partial resolution it is often possible to 
give approximate values for tho moments of 
inertia by a natural extension of tho theories 
already developed for complete resolution, but 
when the rotational structure is entirely absent 
(e.g,, in the case of molecules examined in tho 
fiquid or solid state) a different approach has to 
be made. This involves a consideration of tho 
force constants governing tho stretcliing of the 
chemical bonds in the molecule, and tho relation 
of these to the intemuclear distances on tho one 
hand, and to the vibrational frequencies of tho 
molecule on tho other. 

Force Constants and Intemuclear Dis- 
tances. — When any molecule vibrates, several 
forces eome into play tending to restore the 
atoms^ to the positions they occupy in tho 
vibrationless state of equilibrium. Tho exact 
nature of these forces is very complex, and only 
in a few extremely simple cases has it been 
possible to overcome tho mathematical diffi- 
culties encountered when the methods of 
quantum mechanics are applied to tho system 
TV nuclei making up tho molecule. 

R, however, the molecule is regarded as a collec- 
tion of masses (atoms), held together by simple 
elastic forces, such that any alterations in inter- 
nuclear distances of the chemical bonds or of tho 
angles between two bonds bring into play forces 
wmeh are proportional to the displacements of 

^ lengths or bond angles from their 

equmbrium values, then the methods of classical 
mechanics may be employed and tbe problem 
becomes much more tradable. In particular, it 

VoL. VIII._13 


is possible to derive simple algebraic equations 
connecting the force constants of tho bonds and 
bond angles with tho masses of tho atoms and 
the fundamental frequencies of tho molecule. 
Tho triatomic molecule YX™ (Fig. 5) is a simple 
example and may be regarded ns having bonds 
between tho Y atom and each of tho X atoms, 
characterised b}' a force constant K cxactl}’’ 
analogous to the force constant h of tho diatomic 
molecule of equation (4); displacements of the 
XYX angle from its equilibrium value nro 
opposed b}’ another force characterised by 
Tho equations connecting these force constants 
with tlio frequencies »•,, »■», Vg and tho masses 
mx, niy are then ns follows : 

7i't^wxmyi'5/{>;jv-f2mxsin- (a/2)} . . (5). 

A'a=wix» ii‘H(XY)-{mY-f 2mx sin- (a/2)} 

/»’J(my-f2mx)2 . . (0). 

>«x(>’r-i-''^-) = (^^7">y)f'''v-l-2»ix cos= (a/2) 

-i-{2A-a/my(XY)-}{my-f-2mx8in=(a/2)} . (7). 

Provided the angle a between tho two YX 
bonds is known, the first equation gives tho 
value of the force constant K of tho bond : 
provided the XY distance is known, tho second 
equation gives a value for A*a. while tho third 
equation may bo used ns a test of tho assump- 
tions by substituting tho values for K and ATo 
found from tho first two equations. To-sts of this 
kind usually show that the simple assumption 
of valency ’ forces is not entirely satisfactory 
and in some ca.ses may bo quite unjustified. 
It is generally found jiccoasar}- to introduce 
additional forces which allow for interaction 
between various parts of tho molecule. Thus 
in tho triatomic molecule it may bo ncces.snrj' 
to assume that alteration of tho length of tho 
XY bond simultaneously causes an nltcrntion in 
angle between tho XY bonds. Unfortunately, 
when interaction terms of this typo have to bo 
introduced, it becomes impossible to got an}' 
check on tho assumptions, for thcro nro ns many, 
or sometimes more, unknown force-constants 
than thcro nro equations from which to dctcr- 
mino them. In sirito of these difficulties it has 
been possible to got fairly reliablo values for 
tho force constants of manj* of tho com.moner 
chemical bonds. Single bonds usually have 
values ranging from 2 to 7 X 10® djmos por cm. ; 
double bonds lio roughly between 7 and 12x10® 
djmes por cm., while triple bonds may havo 
values greater than 20x 10® dyiica per cm. It is 
possible by this means to toll when a bond is 
not simple but is a resonance hybrid. For 
example, tho C-C force constant in bonzeno 
has tho value 7-6x10® dynes por cm., whereas 
tho C-C single-bond force-constant has a value 
close to 6x10® dynes per cm., and tho double- 
bond force-constant is between 9 and 10x10® 
dynes per cm. 

Tho force constant of a chemical bond is 
therefore just as much a property of that 
particular bond ns tho intornuclear distance 
between tho two atoms, and several workers 
have shown that there is a very closo relation 
between these two quantities. One form of 
relation, due to Douglns-CIark (Trans. Faraday 
Soc. 1941, 37, 293) may be quoted hero : 

... (8)j 
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where he is the force constant of the bond for 
displacemente from equilibrium, 

Te is the equihbrium internuclear distance, 
TO is a group number, defined as the sum 
of the valency electrons in each atom, 
and /.'gr is a sub-period constant, depending 
on the positions of the atoms in the 
. Periodic Table. 

This opens up another method of determining 
internuclear distances from vibration spectra. 
At present it does not compare in accuracy with 
the method deriving from the analysis of rota- 
tional fine structure, partly because of the above- 
mentioned difficulties in evaluating the force 
constants accurately, and partly because of the 
empirical nature of the equations, such as (8), 
relating the force constant to the bond length. 
However, much useful information has already 
been obtained by this method, and it is capable 
of extensive development. It ofiers the only 
prospect of dealing with large molecules, in 
which the moments of inertia depend on so 
many internuclear distances and angles that 
even although analysis of the rotational fine 
structure could be carried out, and the moments 
of inertia evaluated, this might not materially 
assist in settling the structure of the molecule. 

Detection of Hydrogen Bonds. — Suppose 
a molecule contains a hydrogen atom H which 
is attached not only to some atom X in that 
molecule, but also to a second atom X' which 
may or may not be in the same molecule. In 
the first case there is an internal hydrogen 
bond ; in the second, two molecules are loosely 
bound together through an external hydrogen 
bond. Examples of the two types are found, 
respectively, in o-chlorphenol and acetic acid. 
The existence of these hydrogen bonds can be 
very readily detected from the vibration spectra 
of the molecules. It has already been remarked 
that the O H group has a fundamental frequency 
in the neighbourhood of 3,600 cm.“\ in which 
the motion is almost entirely co nfin ed to the 
H atom and so is virtually independent of the 
rest of the molecule. If, however, this H atom 
is now to take part in the formation of a hydro- 
gen bond, the original O-H bond will be 
weakened by the formation of the H-X' bond. 
This means that the O — H distance will be 
increased and consequently the O-H force 
constant decreased, giving as a result a consider- 
able lowering of the characteristic OH funda- 
mental frequency. The fundamental absorp- 
tion band of the OH group is shifted from the 
usual position aroimd 3,600 cm.~^ to anywhere 
between 3,450 cm.-^ and 3,100 cm.-^, according 
to the strength of the hydrogen bond. Such a 
displacement is very easily observed. In this 
maimer the existence of hydrogen bonds has 
been established in many cases where evidence 
has been unobtainable by other means. More 
generally, alterations in vibration frequencies 
may be used as a tool in the investigation of 
inter- as well as intra-molecular forces. 

ExPKEtIMENTAI.. 

Infra-red Spectra. — ^The range covered by 
the infra-red is so large that one technique 
cannot be used to cover all of it. Any suitable 


spectrograph used for the visible region can be 
employed for that part of the infra-red which 
can be recorded by photographic methods. 
Unfortunately this is an extremely small portion 
of the infra-red (see Fig. 1) and contains no 
fundamental frequencies. It extends from the 
end of the visible red, about 7,600 A. or 13,333 
cm.“\ to about l-3ft. or 7,690 cm.-^. Quite 
useful information can often be obtained from 
the overtone and combination frequencies that 
fall in this region, although these are in general 
more complex in structure than the funda- 
mentals, and so more difficult to interpret. 
Between 1-3 and 3-5p. (7,690 cm.~^ and 2,876 
cm.~^) a spectrometer with a quartz prism gives 
sufficient resolving power for most purposes, 
although a grating has to be used to get the best 
results. F or these, as for all longer wave-lengths, 
the radiation is normally detected by means of 
a thermocouple or some other thermo-electric 
device. Between 3‘5/x. and 17p.. (2,857 cm.~^ to 
588 cm.-^) the usual dispersing agent is a rock- 
salt prism, but S3mthetio lithium fluoride and 
calcium fluoride (which have higher dispersive 
power from 3 to 6/t. and 6 to 10/t., respectively) 
are now becoming available. In order to get 
beyond 688 cm.~^ the rock salt prism must be 
replaced by one of sylvine, which, beyond 400 
cm.~L is in hum replaced by one of potassium 
bromide. The limit of transmission of potassium 
broinide is about 300 cm.'*-. In all of this region 
covered by the rook salt, sylvine, and potassium 
bromide prisms, it is essential to supplement the 
dispersion of the prism with a grating if the 
highest resolving power is desired, but the 
diversion given by the prisms alone is usually 
sufficient to reveal all but the finer details of 
rotational fine-structure and hence for all work 
on liquids and solids. Until quite recently it 
was customary to plot infra-red spectra point 
by point, the observer noting the amount of 
infra-red radiation indicated by the thermo- 
couple at each wave-length, with and without 
the absorbing molecules in the path of the 
radiation, and computing the percentage absorp- 
tion for that wave-length. Several methods of 
recording infra-red spectra have now been 
developed which should reduce the labour 
involved and at the same time greatly accelerate 
the whole technique. Most of these recording 
methods suffer from the drawback that the 
record obtained is not a direct record of 
the percentage absorption but a record of the 
amount of energy transmitted by the material 
at the various wave-lengths. Since the incident 
energy varies between the different wave- 
lengths especially in regions of atmospheric 
absorption the records have to be reduced to 
give percentage absorption by comparison with 
a record of the incident energy. This drawback 
is not serious when qualitative work is con- 
cerned, but for quantitative work it is preferable 
to use the double beam method introduced by 
Hardy, in which percentage absorptions are 
directly recorded. It should be added that it is 
now possible to scan portions of the infra-red 
sufficiently rapidly to allow spectra to be 
examined visually on a cathode ray screen. 

Raman Spectra. — ^In order to obtain satis- 
factory Raman spectra it is essential to have a 
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powerful source of monocliromatic radiation, 
and accurate alignment of the apparatus so that 
the maximum amoimt of scattered light and the 
minimum amount of reflected light enters the 
analysing spectrograph ; the latter should be of 
aperture sufficiently large to keep exposures 
within a reasonable time limit of a few hours 
without sacrificing resolving power so that 
frequencies lying close together are not separated. 
In general, the most suitable som'ce of mono- 
chromatic radiation is a mercury arc in which the 
particular exciting frequency has been isolated 
by a filter. The following wave-lengths have 
aU been used successfully ; 6,791 A., 6,770 A. 
(yellow), 6,461 A. (green), 4,358 a. (blue), 
4,047 a. (violet), 3,650 a. and 2,630 a. (ultra- 
violet), but especiall3’ that at 4,358 A. It is 
preferable to use a wave-lengtli as far into the 
ultra-violet as possible, since the intensity of the 
scattered light is inverselj’- proportional to the 
fourth joower of the wave-length, but in manj’ 
cases ultra-violet light causes decomposition. 
Again, the substance under examination maj' 
possess absorption bands in aU but the green or 
yellow regions of the spectrum. A helium lamp 
giving monochromatic radiation of wave-length 
3,888 A. has also been used, but it is not so easj’ 
to construct as the mercury lamp. An arc with 
a tin-cadmium alloj’ has also been used to pro- 
duce monochromatic radiation in the red end of 
the spectrum for use uith certain coloured 
materials. Spectrographs have been specially 
designed bj' most of the optical firms for the 
observation of Raman spectra. It is seldom 
advisable to work with an aperture ratio less 
than //5. It is a good plan to have alternative 
cameras of difierent aperture so that the fast 
one can be used for substances with very weak 
Raman spectra, while the longcr-focus camera 
can be used with strongly scattering substances 
in order to get maximum resolving power. 
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MOLECULAR SPECTRA (VISIBLE 
AND ULTRA-VIOLET).— The study of 
light emission nnd absorption bj* molecules con- 
cerns the simplest diatomic entities ns well ns 
molecules of mnnj* of the most complicated 
organic substances. It makes use of a consider- 
able vnrietj’ of experimental techniques adapted 
to the in%*estigntion of emission, absorption, and 
fluorescence, exhibited bj' gases, vapours, 
liquids, solids, nnd solutions. The data obtained 
mnj* bo valued ns material for the detailed 
description of molecular stnicturo in terms of 
the more abstruse theories of mathematical 
ph3'sics, or, on the other hand, the results 11103' 
be used enfirel3’ empirically. Between these two 
extremes lies a considerable territory where 
technical limitations give rise to semi-empirical 
nnd tentative interpretation. At each level of 
stud3’ the investigator needs to bo versed in 
some other discipline, mathematical, ph3'sicnl, 
or chemical, and nn3' general account svill 
reflect the bins of its author. 

In this article the first aim will bo a simplified 
account of the appb’eation of the quantum 
thcoiy' to the spectra of simple molecules. The 
second aim will be to illustrate the wa3' chemists 
have sought to interpret the data on larger 
molecule.s — usunll3' in the dissolved state — nnd 
the third aim to give c.xnmples of spectra applied 
to constitutional problems. 

In the vi.siblo and ultra-violet regions mole- 
cular spectra arise primaril3' because of elec- 
tronic encrg3' changes. These quantised tran- 
sitions are not usuall3’^ ver^’ numerous, but the 
cncrg3^ of the molecule is also affected b3' 
quantised vibrational energy contributions. 
The observed spectra mn3^ then appear to bo 
ver3' complex. 

The thcor3' follows nnturall3’ from the treat- 
ment of atomic spectra. 


THEORY OF SDIPLE BAND SPECTRA. 

Electronic enorg3’’ levels for the isolated 
h3'drogon atom are given by : 

E„=— /?/jc/n-, 

where /?=2iT-meV/t®c and n has integral values 

1, 2, 3, . . . An absorption frequency 

r=jRc^-2 — occurs when n changes from 1 to 

2, nnd an emission frcqucnc3’^ when n cliangcs 
from 2 to 1. If hydrogen atoms fall to the 
levels n=l or 2 from higher levels, series of lines 
occur (in emission) : 

»'=-Rc(p-i j (Lyman Series), 

(Bnlmer Series), etc. 
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Analogous molecular processes of electronic (b) energy intake affecting the whole molecule 
excitation occur, and for simple molecules it is in respect of its rotation about some 

possible to identify the transitions involved. axis. 

Even with polyatomic molecules useful approxi- Vibrational and rotational changes, like 
mations can be made. electronic transitions, are quantised, and 

Two processes which do not occur with single quantum numbers v and J are used to cha- 
atoms enhance both the- complexity and signifi- racterise vibrational and rotational states, 
cance of molecular spectra ; they are : respectively. The energy of a molecule wiU then 

(a) energy intake resulting in intramolecular determined as a sum of three terms : 
vibration of constituent atoms ; E(n , », j)=En+Ev+Ej. 




Eia. 1 . 


In general, En is very mueh greater then 
which in turn is much larger than Ej, so that 
vel.^ vvib.^ vrot. (see Eig. 1). 

(4Eel.=20-200 kg.-cal. per g.-mol. 

^Nyib.=l-10 kg.-cal. per g.-mol. 

AEiot.=ca. 0-1 kg.-cal. per g.-mol.) 

The high frequency of the electronic motion 
corresponds with the very small mass of the 
electron, just as the slower motion of the atoms 
is due to their greater mass, and, in consequence, 
the swiftly moving electrons can be regarded as 
occupying at any instant the optimum position 


consistent with quantum conditions. It follows 
that each electronic state of the molecule is 
linked with a defined vibrational quantum corre- 
sponding with a fundamental vibration “ fre- 
quency,” ajj. (coo=/irg.) The energy, 

E\ib,lh—{v+^)wQ, 

the ^ being an introduction of the newer 
quantum-theory to include zero-point energy. 
Actual molecules are not perfect harmonic 
oscillators, and the corrected equation 

E\i'b.lh={v-i-^)cog—(v+^)^Xf)WQ-{- . . . 
gives better results. 
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In the case of a diatomic molecule AB with 
nuclei of masses and "vvith an equilibrium 
nuclear separation r^, for small values of Arc 
the force tending to restore the atoms to tc 
varies as Are, »-e.» F~h{r~re), and the potential 
energy is 7={kj2){r—re)'^, zero potential being 
taken as that obtaining when r=re. For a 
simple harmonic oscillator, 

•Evib.=(«-hi)h>'o, where vo=(l/277)v'(^"/^”) 
with m=m-^m„l{mj+7n2) (reduced mass). 

A limit is set to the increase in vibrational 
energy, in units /ii'q as v increases, by the dis- 
sociation of the molecule into atoms. Anhar- 
monicity as v increases can be fitted into a series : 

7=(h/2!)(r-re)=-i-(h73!)(»--»-c)® 

+ {k"mr-rcV . . .. 

but it is more convenient to use the e.vponential 
form : 

F=D[l+e-2«(r-r,)_2o-''f'— '■Uj 

(P. M. Morse, Physical Rev. 1929, [ii], 34, 67), 
whence : 

Fj,=(ud'i')hv() — Xe(v-\-^)‘'JivQ . . ., 
if 

Vo=(ff/2jr)-\/(2D/ffi) and Xe^IivdiD 

and D~^hvQ—Do (actual dissociation cnergj’)- 

The study of molecular structure is made easier 
by the use of potential-energy curves {see Fig. 2). 
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Repulsive Curve for Unstable 
Molecule (Electronic transition to 
this state results in dissociation 
.-Spectrum is continuous) 
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Fig. 2. — ^Potentiai-eneegy Cueves 
Diatojiio Moleouee. 
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tronic interactions will show a minimum when 
there is molecule formation. If the curve 
F/r shows no minimum the “ molecule ” is 
2 )h 3 'sically unstable. A physically stable mole- 
cule leaves the state represented by the minimum 
only by absorption of radiation or b 3 ’' collisions. 
If the molecule fails to survive collisions with 
others of its ovm kind it is chemicallj' unstable 
(CH, SO, etc.). Each separate electronic state 
of a molecule possesses its own potential-energy 
curve, the differences between the minima corre- 
sponding with the energies of the diflcrcnt 
electronic transitions. As r (internuclear separa- 
tion) increases, each curve approaehes a hori- 
zontal line corresponding with dissociation. 
The electronic state with the lowest minimum 
is called the ground state of the molecule. The 
curve shows the amplitude of the atomic vibra- 
tion for successive values of v, and the vibra- 
tional levels graduallj' converge to the h’miting 
value of the energj' shown in the horizontal part 
of the curve. If ABp is known for smaller values 
of V to bo steadllj' decreasing, the curve AEdv 
may be extrapolated to AEp^O at Vninx.. Thur 
for a covalent molecule splitting into two 
neutral atoms, the number of vibrational levels 
is finite and the true cnergi' of dis.sociation from 

the vibrationless level v=0 is Since 

r“l 

the vibrating atoms necessarily spend a largo 
part of the time near extremes of r, an electronic 
transition ' is most frequent from such states. 
According to the Franck-Condon Principle r 
will bo unchanged when the electronic transition 
occurs, and will correspond with an extreme of 
a vibration in the now slate (Fig. 3). It follows 
therefore that there is no change in re on elec- 
tronic o.vcitation if absorption occurs from 
v"—0 to u'!=0, t)"=] to u'=), etc. If, however, 
experiment shows that the most intense bands 
are from v"=0 to i;'=0 and v"=0 to u'^say 4, 
the internuclear distance will bo appreciably 
changed ns a result of electronic e.xcitation. 

In addition to vibrating along the lino joining 
the nuclei, a diatomic molecule may rotate about 
an axis perpendicular to this lino and passing 
through the mass-centre of the molecule. The 
rotation is subject to quantum restrictions given 
by: 

»’rot.=j5<I(iI-}-l), 

whore B=hj8Tr"mrc- and J is the rotational 
quantum number, the ph 3 'sical meaning of 
which is that J{J+l)h~jiTr~ is the square of the 
angular momentum of the nuclear rotation. 

When allowance is made for stretching under 
centrifugal action. 


Consider two atoms separated by a large dis- 
tance ; if they come closer, repulsions between 
the nuclei bring about an increase in the potential 
energy of the system, and if the respective 
electronic confi^ations are unfavourable to 
combination this increase will be enhanced. 
If, however, the electronic configurations favour 
combination, there ivill be a decrease in potential 
energy. The potential energy curve obtained 
by summation of nuclear repulsions and elec- 


rrot.=(*/8v=/)J(J-}- l)d-DJ2(/-h 1 )=, 

D4B, lilSrr-I^B, 

where / is moment of inertia. Experience shows 
that there is a selection principle according to 
which J can only change by 0 or ±1, ».c., the 
possibilities are ; 

,7 — >- 1/-)- 1 
J-yJ 
J —yJ — 1. 
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K J' and J" represent two values of J allowed 
by the selection rule ; 

JTot.= rel.+ vvib.+ S'J'{J'-\- 1) — 1) 

(correction terms being neglected). 

B' and B" differ because the value of I 
changes with the change in r^. 

Writing Vq for nub., the equation becomes: 

(a) J'=J"+1; 

v=Vo+B’J'{J'+y)-B"{J‘-l)J’ or 
v=v^+J'{B'+B")+J'\B'-B"), 

where J'=+l, +2, +3, etc. This is called the 
positive or B branch (see Fig. 4), 

(b) ; 
v=Vo-J"(B'+B")+J"^(B'-B"), 

where J"=+l, +2, +3, . . . This is the 
negative or P branch. 

(c) 

v=Vf,+J(B'-B")+J^(B'-B'’), 


where J =0, 1, 2, 3, . . . This is the zero or Q 
branch. 

In analysing spectra it is useful to note that the 
equation 

p^Pg+aJ+bJ^ covers the P and R branches 
(ff=+l, +2 . . ., R branch; J=— 1, —2 . . 

P branch; a=B'+B" ; b—B'—B", leading 

quite simply to values for the moments of 
inertia). 

One of the most obvious phenomena in the 
study of these spectra is the existence of band 
“ heads,” i.e., the crowding together of hues, 
in the direction of either longer or shorter wave- 
lengths, to a sharply defined limit. This is 
accounted for as follows : let B' be >B", so 
that a and 6 are both positive. If J is negative 
(P branch), aJ will be negative and bJ^ positive, 
and the quantity aJ+bJ^ wiU at first decrease 
and then increase as J rises. If, however, J is 
positive, the frequencies will increase steadily 
with increasing J, and the R branch will have 
no' head. When B' is <.B" the R branch will 




Case (i) : re approximately the same for both electronic states. Band system will show a strong sequence 
of bands (0. 0), (1, 1), (2, 2), etc. 

Case (ii) : r, slightly different in the two states. If t)'=5 the strongest bands will be (5, 0) and (5, 7). 
Case (iii) : r* considerably different in the two electronic states. Spectrum shows long progressions : (a) in 
emission »' =0 progression is strong ; (6) in absorption. 


now show the head, degrading in this instance 
to the red. 

In sub-atomics an electron of azimuthal 
quantum number I has an orbital angular 
momentum of (/i/2jr)v'{l(l+l)}, and when there 
are several electrons, each with its own value 
for Z, the resulting momentum L can have a 
number of values. The total angular momentum 
for the atom (J) is the vector-sum of B and S, 
the sum of the electron spins. The multiplicity 
of J values is given by 2S-1-1. In a simple 
molecule there is a strong field along the inter- 
nuclear axis, and for each electron the value of 
I and of its component along the axis (A) play 
an important part. Atomic B electrons become 
Bo electrons if 1=1 and A=0, P electrons become 
Per, Z=I, A=0, orPw, Z=l, A=l, etc. 

The vector sum A for two or more electrons 


gives the component of L along the molecular 
axis. 


L(A). 

Atoms. 

Molecules. 
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The resultant spin angular momentum for all 
electrons provides a second quantum number B. 


S. 

State of molecule. 

0 

Singlet. 

4 

Doublet. 

1 1 

1 

Triplet, etc. 
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and the multiplicity, 2<Sf+l, is indicated as a 
superscript preceding the Greek letters ; thus 

“27 corresponds •vdth A—0, S—i, and 
„ „ A=^2,S=1. 

S being half-integral or integral according as the 
total number of electrons in the molecule is odd 
or even. There are two kinds of 27 state in dia- 
tomic molecules, 27''‘ and 27“ (in 27“ states, the 
wave function changes sign on reflection at a 
plane through the intemuclear lino; in 27+ 


states, no change of sign occurs). In diatomic 
molccides with identical atoms all the states 
belong to odd or oven groups, c.g., , ^Uu, 

respectively. If the wave function is un- 
altered on reflection of the co-ordinates at the 
middle of the lino joining the nuclei, the state 
is even ; if it changes sign, the state is odd {see 
R. do L. Kronig, “ Optical Basis of the Theory 
of Valency,” Cambridge, 1936). 

The hydrogen molecule has a ground level 
designated arises from the union of two 




atoms in the ground state (or IS), the two 
electrons having antiparallel spins. The multi- 
plicity is 1 plus twice the vector sum of tho 
spin (l-l-2x 0). If the two electrons had parallel 
spins the multiplicity, 2(^-M)-|-l=3, would bo 
that of a triplet state ^2^, which is repulsive, 
and a stable molecule is not formed. A large 
number of other levels are known, tho upper 
ones being very much higher than the ground 
state. Absorption by molecular hydrogen there- 
lore requires the large quanta corresponding 
With wave-lengths in the vacuum ultra-violet 


region. Molecules excited by collisions with 
electrons, however, emit longer wave-lengths 
corresponding with smaller changes between ono 
excited level and a lower level. Tho transition 
^2Jg “+ *Zh affords a special case, in that tho ^2u 
molecules dissociate into atoms with kinetic 
energies varying continuously over a wide 
range. Tho result is a perfect^ continuous 
spectrum extending from the visible to the far 
rdtra-violot. 

Apart from tho discrete well-resolved struc-' 
trirea so far discussed, diffuse spectra appear 
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both in absorption and in emission. If no 
structure can be detected using high dispersion 
and a narrow slit, the spectram is said to be 
continuous, and an intermediate type with no 
recognisable rotational structure is associated 
with the phenomenon of predissociation. 

It frequently happens that a more or less 
abrupt change occurs from a weU-resolved to a 
diffuse spectrum as the wave-length decreases, 
but much earlier than the short wave-length 
h'mit of the progression. The effect arises when 
discrete levels overlap the continuous state of 
another electronic level, and is widespread 
among polyatomic molecules. Thus if a mole- 
cule in one of the higher vibration-rotation 



Fig. 6. 

The electronic change occurring in the Sj molecule 
on absorption Is a jump from a to a ^Eu level. 
Absorption in the second, non-pressure-sensitive, 
diffuse region, causes the molecule to vibrate at 
energies near the horizontal line through x. The 
molecule executes a number of vibrations, and then 
passes through the crossing-point to a repulsional 
^Uu level, which at once dissociates into two normal 
atoms. This behaviour Is styled true predissociation. 
At lower energies of excitation, near y, the ^EZ curve 
crosses that for A direct passage between the 

curves, however, is forbidden by the selection rules. 
Collisions, by distorting the levels, permit the cliange 
and consequent dissociation ; hence the pressure- 
sensitivity of the diffuseness. An effect of this kind 
is called induced predissocialion. (Diagram and ex- 
planation after E. J. Bowen, “ The Chemical Aspects 
of light,” Oxford, 1942, p. 83.) 

levels of an electronic state B exceeds the bmit 
of the vibrational levels of a state A, a radiation- 
less transfer may occru' spontaneously. In state 
A the molecule dissociates before completing a 
rotation. A number of selection rules must be 
obeyed (see advanced treatises on molecular 
spectra, referred to on p. 201d). Rotational 
fine-structure disappears, but vibrational quanta 
can still be absorbed. Thus the absorption 
spectrum of diatomic sulphur vapour is capable 
of high resolution fi-om 4,100 to 2,799 A., and 
from 2,715 to 2,615 A. Between 2,799 and 
2,716 A. rotational fime-structure persists only at 
very low pressures ; at higher pressures collisions 
make possible a forbidden transition, resulting 


in the diffuse predissociation spectrum. Beyond 
2,616 A. the blurred spectrum is shown even at 
very low pressures, and true predissociation 
occurs, i.e., the molecule dissociates after a 
slight delay of ca. sec., a time interval 

between a vibrational and a rotational period. 
On excitation (absorption) the change is from 
to : the excited vibrating molecule then 

passes spontaneously to the ^JTu state, which is 
repulsional, and dissociation occurs instantly 
into two normal atoms (see Fig. 5). 

Dissociation energies may often be evaluated 
from predissociation limits, but the products of 
dissociation may carry kinetic energy sufficiently 
large to make considerable correction necessary 
(see Kxonig, op. cit.). 

The simple representation of molecular states 
in terms of F/r energy curves is replaced in tri- 
atomic molecules by an energy surface, YKr^r^), 
for each state. Predissociation is likely for a 
vibration-rotation level B if its energy surface 
intersects that of a state A at a place corre- 
sponding with the continuum (dissociation ) ; in 
reality there is an intersection curve replacing 
the intersection point, and predissociation ooems 
over a wider spectral range than is usual for the 
simpler molecules. When there are more than 
three atoms in a molecule discrete electronic 
band spectra are unusual, and predissociation 
is the nile rather than the exception. The dis- 
sociation products, moreover, may be atomic or 
molecular, and are often in states of electronic 
excitation. 

The spectra of the larger molecules are diffi- 
cult to interpret fully, not only because of the 
plurality of modes of vibration, but also because 
of anharmonicity resulting in complex inter- 
actions. This together with electronic excita- 
tion, leads to a situation which requires either 
simplifying assumptions or a more empirical 
approach. 

Predissociation spectra are of great im- 
portance in understanding photochemical pro- 
cesses (v. Photoohejustey). 

EXPERBIENTAL ASPECTS OF BAND 
SPECTRA. 

(a) Emission Spectba. — ^Band systems are 
often observed in flames obtained by simple 
combustion of gases or liquids, such as hydro- 
carbons ; other spectra may be excited by intro- 
ducing gases or fine sprays of liquid or solid into 
hot flames. 

The amount of energy available for excitation 
is, however, not large, and the spectra corre- 
spond with transitions between quite low levels 
(rarely more than 6 electron volts ’*'), and the 
lower level is nearly always the ground state. 
The bands arise from electrically neutral mole- 
cules which are most probably chemically un- 
stable; thus although Ng, Oj, and CO mole- 
cules are present, they do not show themselves 
in flame spectra, because the high levels of 
excitation needed are not reached in the pre- 
dominantly thermal processes ; the radicals 
CH, Cjj, and OH, however, manifest themselves 
readily. Thermal excitation involves collisions 

* Subsequently abbreviated to “ e.v." 
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between molecules, one of whicb may reach a 
state with a new nuclear distance. This con- 
trasts sharply with excitation by swiftly moving 
electrons, which exert little effect on the motions 
of the heavier atoms, so that band systems in- 
volving a considerable change in r* are not 
common in discharge tubes or arc sources. The 
flames of burning hydrocarbons thus show the 
CH bands at 4,300 and 3,900, the Cj (Swan) 
bands and the OH band at 3,064 A. The 
Angstrom system of CO shows up in the 
positive column of an uncondensod discharge 
vnth carbon monoxide or dioxide, and the well- 
known Third Positive bands are equallj' readily 
excited. Requiring about 10 o.v., they are 
absent from flames. The coal-gas Bunsen 
flame shows the (green) C, Swan bands in the 
green part of the roaring flame, and the C H and 
OH bands occur in the blue part. 

The spectra of metallic oxides are often 
excited by introducing volatile halides into a 
flame, but sometimes a lower halide such ns 
Cal or SrBr may persist long enough to 
dominate the observed spectra. Metallic hj*- 
drides like MgH and Cu H exhibit band systems 
when the finely divided metal is introduced into 
a hydrogen flame. Cool flames, obtained by 
slow combustion at temperatures well below the 
ignition temperature for a normal flame, like 
those of biuming carbon disulpliido or ether, are 
not hot enough for thermal excitation. Tho 
spectra of cool flames are duo to chemilumin- 
escence, tho omitting molecules being excited ns 
a direct result of the combustion processes and 
not by thermal processes (e. CnrMU.u.MiN- 
ESCENCE, Vol. Ill, 22d). In tho hot flame, 
carbon disulphide forms S 2 and an oxide of 
carbon; in tho cool flame, and CS bands 
are shown. Tho emitter in tho cool flames of 
ether, acetaldehyde, propaldohydc, and hexane, 
is formaldehyde, which is formed in an activated 
state and displays its fluorescence spectrum. 
The process is again one of chemiluminescence. 

In general, emission spectra are determined 
by two main factors : (a) tho probability of tho 
electronic transition, and (6) tho land and 
number of collisions which tho excited molecule 
may encounter. Tho radiative life can bo cal- 
culated when tho absorption spectrum is quanti- 
tatively determinable. For absorption tho 
transmitted intensity 1 is given by I=1qC~°^ 
■v^ere is the incident energy, I tho length of 
the light path, and a tho absorption coefficient. 


For a given hand J a . dv is a measure (usualli 

obtained by graphic integration) of tho tota 
abso^tion. ^ Nj, tho number of molecules pc 
cx. in the initial state for absorption, can bi 
obtained by using the Boltzmann factor crElkl 
and the a priori probability, pj, of tho state 
II there is no degeneracy this probability, o 
statistical weight, is unity; if there are tw< 
eupenmposed levels it will bo 2, etc. In th( 
simplest case of a transition from state 2 to stab 
the hfe T of the excited molecule is tho re 
ciprocal of the transition probability A„,. Thii 
s given by Tolman’s expression : 


^2I = (877v2/c’*Ni)(Pi/p 2) . dv, 

Jo 


Quantitative spectrophotomotric data may be 
used to determine tho oscillator strength /. If 
A^nbs. stands for tho number of absorbing mole- 
cules per c.c. and A^’cl. tho number of dispersing 
electrons per c.c., 

iVcl./iVab 3 .=/ |^iVcl.= (ni c=/Tre=) a . dv j . 

Tho transition probability A^i is given by 

^2i=(Pi/T:)(S"“C-»’2/7ac')x/=(pj/p2)i’-x0-67/. 

Tho excited OH radical has t=4x 10~'' sec., 
whereas for excited CN it is about 1 x 10“® see., 
tho latter figure being typical for transitions 
permitted by selection principles. 

Tho period between collisions, derived from 
tho Idnctic thcorj' of gases, is about l*3xl0~^° 
sec. for air at N.T.P. In works on molecular 
spectra tho collision life is the average time for 
an excited molecule to bo deactivated by col- 
lisions. At low gas-prcssurcs tho number of 
collisions may bo 10' per second, and if tho 
excited molecule lias a radiative life of 10~<' 
sec., deactivation bj' collision inaj’ become very 
efficient. Thus tho fact that o.xygen inhibits 
tho First Positive band system of nitrogen 
shows that the e.xcitcd molecules lose their 
cnergj' more readily bj' collisions than by 
spontaneous emission of light. On tho other 
hand, the long-pcrsistcnt glow of active nitrogen 
is an instance of the opposite cITcct. Expori- 
mentally, tho collision life is best studied by 
following tho quenching of fluorescence by in- 
creasing the pressure’ or introducing foreign 
molecules. 

The following works are valuable for a fuller 
stud}* : — 

\V. Jevons, " Report on R.mil Spectra of Diatomic 
Molecules," Physical Society, Loudon, 1032. 

G. UerzberR, " Molecular Spectra and Molecular 
Slnicturc," Prcntlcc-Hall, 1030. 

R. de L. Kronlp, ” The Optlc.al Rnsls of tho Thcorj* 
of Valency," CnmbrldRC, 1035. 

R. V. R. Pcarse and A. O. Gaydon, " Tho IdcntKl- 
catlon ofMolccidar Spectra," Chapman and Hall, 1911. 

A. G. Gaydon, " Spectroscopy and Combu.stlon 
Theory," Chapman and Hall, 10-12. 

II. Sponcr, ” Molcktllspektrcn," 2 Vols., J. Springer, 
1035 ; Sponcr and Teller (Rev. Mod. Physics, 1941, 13, 
75). 

(b) SoLorws Spectra. 

Notation. — Incident light of intensity JA is 
weakened by passage through a small thickness 
I of medium in accordance with 

—dl^^al^dl or —dIXlIX=adl. 

By integration, putting /A=fo 1=0, log 
{If)ll)—kl; i.c. J=/oO-“l (Lambert’s Law), 
indicating that each successive layer absorbs 
an equal fraction of tho light. By re- 
placing o (natural base) by 10, J‘=JoX 
and K is tho extinction coefficient of Bunsen 
and Roscoo, defined as tho reciprocal of tho 
thickness {I cm.) needed to weaken tho light to 
onc-tonth of its incident intensity, i.e., 
log {IJI)=Kl~E (extinction). Absorption will 
then bo proportional to tho number of molecules 
in tho light path, c.g., a 1-mm. layer of m. solu- 
tion ivill exert the same offoct as a 1-cm. layer 
of 0*1 M. solution, or a lO-om. layer of O-Ol m. 
solution : 

I=Jo • 
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Heads of the Swan System op Cj 
(after Jevons). 



The wave-number differences are not quite constant, but the expression 
v=19,355-bl,700w'-20i)'®-(l,626e"-ll-5u"^) 
reproduces the data with some accuracy. 

If the ground state is the ^Ilg state is about 19,379 cm.”^ higher, and the frequencies 
co' and co" calculated for infinitesimal amplitude are to/ 1,64L7 and 1, 792-5 cm.“^, with K/to/ 11*7 
and ar/'tog" 19-3 cm."^. The dissociation energy [C(®P)-(-C(®P)] is 87 kg.-cal. 

The numbers in diagonal rows are sequences, e.g., 19,355 (0, 0), 19,490 (1, 1), and 19,611 (2, 2). 
The more widely spaced numbers in the horizontal or vertical rows form progressions, e.g., 
19,355 (0, 0), 17,740 (0, 1), and 16,147 (0, 2) (i>'=0 progression). In the Swan system the 
bands are degraded to the violet and are single-headed. The sequences are quite evident. 


where c is molar concentration, I is thickness in 
cm., and e is the molecular extinction co- 
efficient. In certain types of work it is more 
convenient to ivrite 

I—J^e-inkllX (h=0-1832ecA, A in cm.). 


The density E is equal to eel, and Ej stands for 
log (Ij/I) for an I-cm. layer of solution of con- 
centration c. This notation is used to specify 
actual observations, since most spectrophoto- 
meters are graduated on a scale with log (XoW 
[E) values of 0-1, 0-2, 0-3, etc. In referring to 
experiments with products of unknown mole- 
cular weight or mixtures, c may be expressed in 
percentage (wt./vol.) of solute. Thus if a 0-3- 
om. layer of a 0-25% solution transmits one- 
tenth of the light at 285 mp.., 


^0-25% 
O'S cm- 


= 1 - 0 , 


and 


(286 m^.) 


1-Oxlxl 

°0-25x0-3" 


=13-3. 


Spectral absorption-curves may be plotted 


showing molecular extinction coefficients e 
against A (in a. or mp.). It is sometimes more 
convenient to plot log e against A. Many 
workers have used, instead of A, 1/A (wave 
numbers) or v—cjX (frequeney) where c is the 
velocity of light (3x 10^® cm. per sec.). 

Technique . — {See W. R. Erode, “Chemical 
Spectroscopy,” New York, J. Wiley and Sons, 
Inc., 1943, Chap. VIII.) 

(a) Visual Determinations . — ^Light from a 
continuous-spectrum source passes through two 
cells, one containing solvent and the other the 
solution imder investigation. Two images are 
projected on to the slit of the spectroscope, and 
the beams are made parallel by a biprism or 
some alternative optical device. The solute will 
weaken the light to an extent varying with the 
wave-length, and this can be matched by 
mechanical or other methods of reducing the 
intensity of the comparison beam. Polarising 
photometers (Hilger-Nutting, Bausch and 
Lomb, Konig-Martens, Hardy) employ two 
beams polarised in opposite directions and 
made parallel by a second (analyser) polarising 











203 


MOLECULAR SPECTRA (VISIBLE AND ULTRA-VIOLET). 


prism, -whicli on rotation reduces the intensity 
of the comparison beam by amounts -n'liich can 
he read oflf on a graduated scale. The accuracy 
attainable depends upon a variet}’- of conditions, 
but Tvith newer t5’pes may be better than 
ri;4%. A high-speed sector has been success- 
fully used in the Keuffel-Esscr photometer. It 
depends upon the fact that a rapidlj’^ flickering 
light of high intensity is visually the same as 
uninterrupted weaker h'ght. 

(6) Objective Delenninaiions . — ^Tho most trust- 
worthy data are obtained by methods involving 
the use of monocliromatic light and the measure- 
ment of transmission through the solution and 
the solvent cells b}' photo-electric cells, hluch 
depends on the degree of monochromatism, and 
it is neccssarj' to use a largo number of wave- 
lengths if the solute exerts resolved absorption, 
but under favourable conditions molecular ex- 
tinction coefficients can bo determined to better 
than ±0T%. The best results are obtained 
using null methods. For infra-red rays a 
thermopile can be used instead of a photoelectric 
cell, whilst for ultra-violet rays quartz photo- 
electric cells are available. The Hardy record- 
ing spectrophotometer (made by the General 
Electric Company) is almost fidly automatic, 
and although too costly as yet for most workers 
has justified the labour devoted to it. 

The Beckman quartz photoeloctrio spectro- 
photometer (Cary and Beckman, J. Opt. Soc. 
Amer. 1941, 31, 682), marketed bj’ the A. H. 
Thomas Co. of Philadelphia, has proved out- 
standingly successful to a largo number of users. 
It is a self-contained instrument with a quartz 
prism serving as a monochromator. There are 
two easily exchangeable light sources, one a 
tungsten lamp suitable for the visible and ultra- 
violet as far as 3,200 a, and the other a hydrogen 
tube of convenient size and good performance 
providing a continuous spectrum for the whole 
of the “ quartz ultra-violet ” region. The 
instrument operates on an electronic circuit 
and makes use of tuin photoelectric coUs and a 
built-in electronic meter for translating photo- 
electric currents into direct readings of per- 
centage transmission and density. The resolu- 
tion achieved is adequate for most research and 
control investigations of solution spectra and 
with careful use highly reproducible results are 
obtained; the accuracy in an absolute sense 
exceeds that obtainable by photographic 
methods by a factor of from 6 to 10. Tliis fact 
enables spectrophotometric analyses to be 
approached in novel ways. The large-scale 
production of photoelectric spectrophotometers 
of adequate performance is a war-time develop- 
ment of great significance. 

(c) Photographic Determinations . — Given a 
constant hght source showing a continuous 
spectrum, two photographs of the spectrum may 
be taken using equal exposiures in one case with, 
and in^ the other case without interposing an 
absorbing material in the light path. Blacken- 
mg of the negative will be less for those wavo- 
len^hs at which the material absorbs. The 
darkening of the photographic negative can bo 
measured accurately in terms of transmission 
through the plate, recorded by a thermopile 
and galvanometer or by photoelectric methods. 


One successful teclmiquo consists in taking several 
spectrograms of the source without varying the 
exposure, but in each case reducing the intensity 
by a Icnown amoimt by some mechanical device 
(screens, grey wedges, diaphragms, etc.). A 
registering microphotometcr traces the varia- 
tions in blackening both for the control spectra 
and the solution spectrum, the wave-lengths of 
intersection (match points) providing tho data 
for spectral absorption-curves. 

Alternatively, match points maj’’ bo rend off 
msually from pairs of photographs, as in tho 
plates obtained with rotating sector photo- 
meters and the now “ Spekker ” photometer. 

Tho adjustment of spectrophotometric ap- 
paratus may bo checked by determining the 
absorption of an easily accessible substance 
which has been thoroughly studied, e.g., 0 003k, 
potassium chromate in 0-05K. potassium 
hydroxide solution, data for which are ns 
follows : 

Abim. (a.). fmiii.. Amin. fA.) rmln." 
2,725 3,CG0 2,290 752 

3,715 4,830 3,125 203 

Inorganic Compounds. — Solutions of in- 
organic substances are in a ver^' largo nrimbcr 
of cases transparent in the region 2,000-8,000 A. 
Thus tho ions Na'*’, K+, etc., and NH^, Ca++, 
Ba"^^, etc., owe their lack of selective absorption 
to completed outer shells of electrons, Tho 
ions ClOy and SOp" likewise arc trans- 
parent. Tho NOJ" ion shows a weak band, 
Amax. 3,020 A., cmax. 6-4, duo to a forbidden 
transition which only occurs wlion coupled with 
certain vibrational frequencies, although intcr- 
molocnlar Stork effects in solution (modifications 
brought about by strong electric fields) smooth 
out all evidence of structure. At —250° crystal- 
line nitrates o.xhibit vibrational frequencies (350 
and 750 cm."^), but tho location of tho absorption 
depends on intorionic forces : 

Crj-stal. KNOj. NaNOj. BafNOflj. 

3,040 2,015 2,775 (at room tom- 

pornturo). 

3,070 2,870 2,725 (at -260'’). 

If changes in concentration leave tho molecular 
extinction coefficient unchanged. Beer’s law is 
obeyed. Departures from tho law indicate some 
significant change in tho system, c.g. : 


Sulphur dioxide In water. 



Amai. (A.). 

ICR ernni.' 

0-004 M. 

2,750 

1-82 

0-04 M. 

2,750 

2-2 

0-1 M. 

2,760 

2-4 

0-4 M. 

2,760 

2-2 


Sulphur dioxide in hexane 
(Beer’s law obeyed. Solute not solvated). 

Anuix. (A.). log Cm»i.. 

2,900 2-4 

Tho following equilibria obtain : 

SOa-t-HoO ^ HjSOa ^ H+-f HSOj- 

and the solvated sulphur dioxide is tho only 
selectively absorbing constituent. 
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Departures from Beer’s law in concentrated 
nitric acid indicate formation of ion pairs 
(Amax. 2,650 a. in I6N-HNO3 or O-ISn-HNOj 
in 9N-HCIO4), but nitric acid in pure hexane 
merely shows an inflexion near 2,800 A. similar 
to that shown by ethyl nitrate. 

Solutions of permanganates and also crystals 
at low temperatures exhibit electronic band- 
spectra in the visible and in the ultra-violet, 
characterised by a number of equidistant bands, 
the frequency separations of which correspond 
with totally symmetrical vibrations (expansion 
and contraction of the MnOj" tetrahedron). 
The selective absorption is due to the fact that 
the ion possesses an incomplete shell of electrons 
well shielded by valency electrons. The tetra- 
hedral ions of most of the transition elements 
show essentially similar spectra, in marked con- 
trast to the transparent ClOi", SOi"", and 
POy— ions. The rare-earth ions also owe 
their highly selective absorption to shielded, 
incomplete electronic shells, but new compli- 
cations arise in certain cases. Thus neodymium 


chloride hexahydrate crystals at —250° exhibit 
electronic transitions coupled with internal 
vibration frequencies of the molecules, as well 
as various modes of lattice vibration. Neo- 
dymium chloride and bromate exhibit structiu'e 
(xmder these conditions) indicative of vibration 
frequencies 1,640-1,650 cm.~^ with ordinary 
water of crystallisation, and 1,199-1,238 and 
1,431-1,481 cm.“^ with deuterium oxide of 
crystallisation. Erom other data the values 
of these inner vibrations are 1,615 cm.~^ 
or 1,220 and 1,460 cm.“^, respectively. With 
europium salts the spectra are so sharp that 
inner vibration frequencies can be determined 
at room temperatures. 

Absorption Spectra of Organic Com- 
pounds. — Methane and ethane show selective 
absorption in the vacuum ultra-violet region 
only (1,200-1,300 a.), but replacement of 
hydrogen by alkyl groups brings about dis- 
placements towards longer wave-lengths (c/. 
«-hexane, 1,530 a.). Ethylene absorbs in the 
region 1,300-1,750 A., showing a number of 


Table I. — ^Absoeption Data foe Typical Compounds Containing Ethylenic Linkings. 


Amai*. mp. 


frnax.* 


Solvent. 


CH2=CH2 

CH2=CH— CH=CH2 

CHj^CMe— CMe=CH2 . . . . 

CHj^CH— CHg— OH . . . . 

CH3~[CH=CHJ2— CHj— OH . . 

CHj— [CH=CH]3~CH2— OH . . 

CH3— [CH=CH]4— CH3 . . . . 

CHg— [CH = CH]4— CHj— OH . . 

CH3-[CH=CH]e-CH3 . . . . 


cffl. 180 
217 
224 
<195 
ca. 232 
268 
f 274 
J 284 
1 296 
(.320 
310 

{ 330 
340 
360 
372 


ca. 10,000 
21,000 
20,000 
ca. 10,000 

63,100 
4,200 "l 
8,400 I 
12,000 f 

12.000 j 

44,700 
5,800 'I 

10,600 I 

16.000 f 
11,400 J 


Hexane 

Hexane 

Hexane 

Alcohol 

Alcohol 

Hexane 


Alcohol 


Chloroform 


sharp bands, the frequencies of which fit into a I 
Rydberg formula : I 

C2H4; Vo(w)=84,760-R/(n-l-0-91)2 ; 
n—2, 3, 4, etc. 

C2D4: vo(7i)=84,850-R/(n-fO-92)2,- 
71=2, 3, 4, etc. 

and converge to an ionisation potential of 
10-46 V. 

Wave-mechanical theory distinguishes be- 
between localised electron-pairs responsible for 
directed valency (cr electrons) and “ mobile ” 
electrons (■tt) which cannot be paired according 
to their spins in a rmique way to fit an ordinaiy 
structure ; the latter are not strictly localised 
and in planar molecules are antisymmetrical 
to the plane of the C-C links. The character- 
istic absorption of ethylene is due to the excita- 
tion and removal of a 77 electron from the double 
bond, and the greater transparency of the 
saturated hydrocarbons reflects the higher 


frequencies necessary for ionisation by breaking 
[cr]^ C-C or C-H links. Ethylene exhibits 
vibrational structure [C2H4, .d(cm.“^)= 1,370; 
C2D4, 1,290] corresponding -with the totally 
symmetrical valency frequency of the double 
bond. Butadiene exhibits resonance between 
conjugated double bonds. A progression of four 
difiuse bands occurs near 2,170 a. (A 1,440 cm.~^). 
Other electronic states give rise to absorption at 
higher frequencies, and below 1,520 a. vibration- 
less transitions lead to ionisation (9-02 v.). 

V3(7i)=73,115-R(«-bO-90)2; 71=2, 3, 4, etc. 

=73,006-R(7i-b0-50)2; 71=3, 4, 6, etc. 

The ionisation potential is further diminished 
with alkyl substitution. 

The ethylenic linkage constitutes the simplest 
chromophore or absorbing entity in the study of 
organic compounds in solution, since all fully 
saturated hydrocarbons (e.g., cholestane, preg- 
nane, decaUn) are transparent to radiations of 
I wave-length>200 m/t. 
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The foUoTFing generalisations facilitate the 
inteipretation of results for organic com- 
pounds : 

1. Certain groupings, OH, etc., 

are transparent in the region 200-800 

m/jL. 

2. Eunctional or chromophoric groupings 

(— CH=CH— , >C=0, — N = N— , 
OgHb— , C 10H7— , —NO, etc.) give rise 
to selective absorption. This may under- 
go displacement in the direction of 
longer wave-lengths, according to the 
complexity of the molecule containing 
the simple chromophore. 

3. Simple chromophores differ in respect of 

intensity of absorption (probability of 
a given electronic transition) ; thus 
>C=0 in the middle ultra-violet gives 
rise to much weaker absorption than in 
the region 200 m/x., where both >C=0 
and — CH=CH — show intense ahsoipi- 
tion. 


4. In a molecule containing two simple 
chromophores, the observed absorption 
is simply additive, provided that the 
chromophores are insulated, t.c., sepa- 
rated by one or more CHj groups. 

6. Wlion two chromophores are conjugated 
they may exert considerable mutual 
effects, or ho merged into a complex 
chromophore. 

6. Certain groupings (c.g., — COOH), wliich 

are not in themselves powerful chromo- 
phorcs, may induce considerable dis- 
placements of selective absorption caused 
by other chromophores from which they 
are not insulated. 

7. In many large molecules separate portions 

can sometimes function independently, 
and the observed absorption spectrum 
maj' be made up of “ partials.” 

The above generah’sations provide little more 
than an introduction, but examples will illus- 
trate their utility. 


Table II. — ^Absorptiok Data ron Ketones. 


CHa-COCHg . . 

(CH3)3C-C0-C(CH3)3 


(CH3)2C=CHC0CH3 . . . 

CH3-[CH=CH]2-C0-CH3 . . 

(CH3)„C=CH-C0CH = C(CH3)„ 

CH3-[CH=CH]3-CH0 . . . 


A mmc.i XTl/t. 


Kemarks. 

279 

16 

The whole range of ah'phatio 

296 

20 

ketones shows similarly 



feeble but solcctivo absorp- 
tion in this region. 

327 

40 

CO band displaced from 210 

220 

12,600 

— CH=CH — band displaced 
from 186 mp. 

264 

. 20,800 

— [CH=CH]2— band dis- 
placed from 220 fitu. 

376 

80 

CO band displaced. 

295 

23,600 

Ethj'lonio absorption in- 
iluenccd by conjugated 
groups. 

270 

26,600 

— [CH=CH]3 — band dis- 
placed. 


It is convenient to consider the absorption of It has been found that the displacement of the 
ap-unsaturated ketones as made up of the othylonio absorption is of diagnostic value, 
summation of: 

(a) ketonic absorption, 


R— C— C=C^ 

(I* \ H . . 

O Mono, a and )3 

the * indicating the site of the process S': ' 

(^inax.>275 mp., cmax.^lOO), and ’ 

( 0 ) ethylenic absorption. 



R— C— C=C^^ 

II * \/3 

O 

of high intensity, the act of absorption 
Demg connected primarily with a mobile 
e ectron, and the location depending on 
the substituents a)S^. 


The spectra of polyenes generally show that 
progressive displacements of absorption maxima 
in the direction of longer wave-lengths, and step- 
wise increments in intensity of absorption, ac- 
company increasing number of conjugated 
double bonds {see Table I). The system of 
{ — CH=CH — )n oscillators can ho regarded as a 
single oscillator with the same coefficient of 
restoring force, k, and mass proportional to n. 
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The energy levels for an oscillator of mass nm ' 
are given by : 

TFp= (r-)- i)/i I’d 

(t;=0 to t)=l) and 

2TTVg=y'{I:lnm), 

where Vg is the frequency of the first absolution 
band, and Ao=2iTC/-\/(/;/«7n) or Xg-=4^-chimlh, 
i.e., Xg-=J;'n. On plotting Aq® against n a 
straight line may be obtained, e.g., with the 
diphenyl polyenes, for which it cuts the n axis 
at — 4-7, so that in this series each phenyl group 
is equivalent to 2-35 double bonds. 

As in simple molecules, higher vibrational 
levels involve increasing anharmonicity, and 
there is some evidence ^at with n=2, second- 
order hands may be observed, e.g., the 270 m/t. 
absorption often seen in carotenoids. In the 
p-polyphenyls the intemuclear link is of a 
type intermediate between a single and a double 
bond, and the molecules are, to some extent at 
least, resonating as a whole and behaving as 
linear oscfilators. The analogous series of m- 
polyphenyls, on the other hand, aU show absorp- 
tion near 253 mp.., with molecular extinction 
coefiScients consikent with a “ semi-diphenyl ” 
chromophore functioning additively. 

The spectra of polycyclic hydrocarbons (at 
least in so far as the location of the first absorp- 
tion region is concerned) may be predicted by 
the methods of wave mechanics. In order to 
calculate C-C distances and the location on the 
wave-length scale of absorption, one experi- 
mental quantity, a or J, is needed. This is cal- 
culated from heats of hydrogenation and is given 
by Sklar (J. Chem. Physics, 1937, 5, 669) as 
1-92 e.v. (44 kg.-cal. per g.-mol.). Benzene is 
treated as a six-electron system with spin 
degeneracy only, and the single exchange 
integral between adjacent carbon atoms is a. 
The data for a number of polycyclic hydro- 
carbons being taken into account, a better 
figure for a is 2-11 e.v., but the work represents 
only a first approximation. 

Benzene may be used as an example of the 
relatively small number of organic compounds 
yielding well resolved spectra. It shows 

(а) banded emission produced by a Tesla coO 

dischaige through benzene vapour. The 
spectrum consists of evenly spaced 
groups of bands degraded to the red, and 
resembling the sequences shown in the 
spectra of diatomic molecules. At least 
25 heads may be recognised in the region 
2,600-2,904 A. 

(б) a somewhat similar spectrum in absorp- 

tion, given by benzene vapour, liquid 
benzene, or solutions. The bands are 
evenly spaced and degraded to the red. 
In solutions they are shifted towards the 
red and less sharp, except at very low 
temperatures. They extend from 2,275 
to 2,680 A. and show quite low molecular 
extinction coefficients. 

(c) a fluorescence spectrum (benzene in solu- 

tion), in essentials similar to the emission 
spectrum, and covering the range 2,650 
to 3,005 A. 

(d) other more intense bands in the more 

distant ffitra-violet. 


Spectra of Benzene. 

(Of. Sponer and Teller, Rev. Mod. Phys. 1941 
13, 140.) 

Absorption and fluorescence bands 2,200- 
2,800 A. 

^ ^B^u- 0, 0 band (calculated) at 38,089 

cm.~L • 

^Ajp=ground state. Transition is forbidden 
according to selection ndes, but becomes 
allowed by excitation of vibrations (type ). 

Series revealed by analysis : 

Series. 

A v=38,089-f520-f f/x 923-i;i"x 992 

-bfo'x 2,565— t'gX (400-240). 

B r=38r0S9-606-4-}-t'/x 923-t'j"x 992 
-biJo'x 2,565— VgX 160. 

C v=38,OS9-f520x2-606-4-bri'x923 
-f tJj'x 2,565— PgX 160. 

D v=38,089-h520-606-4x2-J-ni'x923 

— fgX 160. 

E v=38,0S9-fl,480-i-t!/x923. 

F v=38,089-l,596-i>3Xl60. 

G v=3S,0S9-}-520-f249x2-i-Vx923 
— VgX 160. 

H r=38,089-r3X 160. 

with t'j'=0, 1, 2 ... ; Vj"=0, 1, 2 ; »3'=0, 1 ; 
1)3=0, 1 . . . 

Ring vibrations C-C . a>" 992 to' 923 (ojg). 

606-4, 520, 1,480, 
1,596 (€+). . 

400, 240 (ej). 

Valence vibration C-H . 2,565 cm.~L 

Absorption bands . . 1,850-2,050 a. 

Transition forbidden but becomes allowed by 
excitation of type Cg vibrations. Bands much 
stronger because of proximity to allowed system 
at 1,770 A. Difiiise bands, 965 and 160 cm.~^ 
progressions. 

Absorption bands 1,650-1,850 a. -> ^Bg 
very intense sharp bands, also 1,360-1,600 A. 
^Aig<- absorption bands forming a Ryd- 
berg series. 

{See Sponer and Teller, l.c., for wave-mechani- 
cal treatment and notation.) 

Benzene affords a link between the kind of 
data obtained with diatomic molecides and those 
characteristic of larger organic molecules. 
Polyatomic molecules show a great variety of 
vibrational frequencies, the anharmonicity of 
which is often marked, and a full analysis of 
vibrational and rotational structure is often 
quite impossible. The molecules, moreover, 
may exhibit several possibilities of dissociation, 
and may possess numerous excited states, the 
instabihty of which results in continuous or 
diffuse spectra. 

Many workers are exploring the subject, and 
an important body of knowledge on the elec- 
tronic structures of polyatomic molecules is 
being accumulated. This field is difficult to 
summarise, largely because much of the work is 
tentative and involves an elaborate apparatus 
of notation and a specialised mathematical 
approach. 

Almost independently of this branch of 
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This led to the study of quaternary salts : 



Ama-y (a..). 

€mai.* 

Jlethiodlde of n 

2,270 

12,500 

4-JIethylthiazole ethiodide . . 

2,270 

13,200 


Synthesis of 

N CMe 

li l( 

CH CCOOH 


gare a product identical udth that obtained 
from (U) by oxidation with nitric acid. 

The amino snlphonic acid (I) splits off 
ammom'a to jdeld an oxysnlphonic acid. 


The substituted l:4-naphthaquinones therefore 
show spectra accotmted for by a simple sum- 
mation of (a) and (6). 


CbH.NsSOs 

I. 


H.O 

HO 


CeHgNgSO.-bNHj. 

IV. 



Amai. (-A-). 

log gm.T 

2,430 

4-02 

2,495 

4-025 

3,290 

3-63 


Amax. (A.). 

log CnuLi.. 

2,600 

4-2 

2,700 

4-2 


The case of aneurin (vitamin-Bj, see Vol. I, 
6836) is of special interest. 


N=C-NH2,HC1 

I I 

MeC C— CHg— N CMe 

II II II II 

N CH CH CCH„CHj,OH 

By the action of sidphite at room temperature a 
quantitative cleavage takes place : 


Ci2Hi5N,OS,2HC1 

C 5 HaN 3 S 03 -bC 6 H 9 NS 0 -b 2 NaCt. 
Acid (I). Base (n). 

The basic fragment reacts with hydrochloric acid 
to give CgHgNSCI and water, without appreci- 
able alteration of the absorption spectrum, 
suggesting replacement of OH on a side chain 
by Cl. The probability that the sulphur formed 
part of a ring led to a comparison with thiazoles : 



1 AmflT- (A.)* 

1 

Hydrochloride of n . 

2,520 

4,200 

4-Methylthiazole hydrochloride 

2,510 

4,000 

2:4-DmiethylthiazoIe hydrochlo- 

ride 

2,530 

4,500 

2-Hydrosy-4-inethylthiazole 

hydrochloride 

2,480 

4,000 


This recalls the replacement of NHj by OH in 
the 2-ammo- and 6-amino-pyrimidines : 



Am*T-- (a.).' 


Amlno-sulphomc acid I . 

2460 

2680 

10,000 

7,000 

Oxysnlphonic acid IV . . . 

2290 

2750 

5,900 

5,800 

2:4-3>iinethyl«6*aimBopyriimfliiie 

1 

2410 

2600 

9,100 

7,200 

2;4-D5methyl-6-oxypyiim5dine . 

1 

2280 

2580 

6,200 

5,300 

4;6-Blmethyl-2-aminopyTimidlne 

2270 

2870 

10,000 

4,100 

4:6-Dinjethyl-2-oxn)yxitnidine . 

2150 

2960 

9,100 

5,900 


The change in absorption when NHj in 
position 6 is replaced by OH is reproduced so 
closely that the presence of a pyrimidine ring 
with a 6-amino substitnent was rendered almost 
certain at an early stage in the work. A 
cleavage product of aneurin, obtained by treat- 
ment with liquid ammonia, contained two NHj 
groups, and further comparison with synthetic 
products showed : 


1 

1 

A max, (a.). 


liquid ammonia cleavage pro- 
duct 

2,340 

2,680' 

6,500 

5,250 

2:5-Dimethyl-6-aminopyrimidine 

2,350 

2,680 

7,200 

6,700 

4:5 - Dimethyl-2:6-amInopyTimi- 
dine 

2,750 

6,250 

5-Ethyl-4:4-dIaminopyrimldme 

2,680 

7,400 

4-Methyl-5:6-diaminopyrimidine 

2,920 

10,800 


The cleavage product treated with sodium in 
liquid ammonia gave, in fact, 2:5-dimethyl-6- 
aminopyrimidine, indicating a methylene bridge 
between the thiazole and pyrimidine portions in 
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aneurin. The choice between the two methyls 
rested upon proof that a synthetic sulphonic 
acid was identical with one derived from 
aneurin. This proof depended upon the identitj' 
in absorption over a long range of wave-lengths 
of saturated alcoholic solutions of (a) the syn- 
thetic acid, (b) the “natural” sulphonic acid, and 
(c) both acids. This method provides n very 
stringent test of identity, and is applicablo to 
many substances which do not melt without 
decomposition. 

A quite different approach to molecular spectra 
may be illustrated by the work of Warburg and 
his school on the photochemical determination 
of the absorption spectrum of the respiratory 
enzyme (see Kubowitz and Hans, Biochem. Z. 
1932, 255, 247). The method depends upon the 
decomposition, bj"^ means of monochromatic 
irradiation, of the carbon-mono.vido addition 
compoxmtl. Fifteen convenient wave-lengths 
between 2,500 and 0,000 a. being used, the 
respiration of acetic bacteria or of yeast cells 
was reduced to 30% of its initial value bj' carbon 
monoxide and restored to 00% by irradiation. 
The absorption spectrum was calculated from 
the intensities, at the different wave-lengths, 
needed to effect such an increase. 

The distribution r=n/(l— n) is given when n 
is the residual activity, and 1—n that lost by' 
carbon-monoxide poisoning. On irradiation the 
dark value is increased to «,•, the light value 
if the intensity is i 

Fd=«d/(l-«d) and 
so that 

A V=njl(l-ni)~ndl(l-iid), 

and the light sensitivity L is 

L^{AVIi)IVd 

={nil(l -ni)-7idl(l -wd)}/»>d/(l -«d)}, 

the ratio CO/Oj being constant. 

If N(,hv is one molecular quantum, and Zd the 
decomposition constant of the dark reaction for 
the enzyme-CO compound, and P is tho light 
absorption coefficient, 

L^(llN,hvmzd). 

For two frequencies and 

PSe=(L,IL^)ihlh)- 

A reference line is chosen to obtain relative )3 
values, the 4,360-a. mercury lino being con- 
venient. All the data are then expressed in 
terms of; 

»o=WAo)(^o/A), 

and the shape of the absorption curve is shoum 
by plotting PxIPiaeo against A. 

The following works provide fuller infor- 
mation : 


" MolcWUspcktren vo 
FliiBsigkeitcn,” Eucken-\Volf, Hand 

S.8cWttni-lv, 

19?7. “’bosungsspektren," G. Fischer, Jeiw 


R. A. Morton, 
iiormones, and Co 


“ Absorption Spectra of Vitamins, 
-enzymes,” A. Hilger, 1942. 


R. A. M. 


MOLECULAR WEIGHT DETERMI- 
NATION. 

Introduction. — Physical methods for tho 
determination of molecular weights have en- 
gaged attention for more than a century, and 
the literature on tho subject covers a wide range. 
In this necessarily short article it is proposed to 
summarise tho main types of method which are 
used ; some of these are highly' Bpocialised, but 
are included cither because they' pro\’ido results 
of particular scientific value, or are suited to 
special circumstances, such, for example, as tho 
availability of a substance in very minute 
amount. Main attention will be given to jiro- 
ccdurcs which are generally' available in ordinary 
choniical practice, and mention will bo made of 
altcrnalivc micro-methods, which often offer 
advantages quite apart from economy' of 
niaterinl. 

The determinations are classified according ns 
tho substance under investigation is (I) in tho 
gaseous or vapour state, (II) in tho liquid state, 
(III) in solution, or (IV) in the solid state, 

I. Gas akd VAi’Oun Muthods. 

1. Gas Densities. — Gas-density' methods aro 
of importance because they' are capable of pro- 
viding molecular and atomic Avcights of tho 
highest order of accuracy', and, indeed, are partly 
responsible for establishing tho values of tho 
atomic weights of carbon and nitrogen at prc.scnfc 
accepted. There arc two main experimental 
modifications ; tho methods of limiting densitic.s 
and limiting pressures. 

The first of these depends on precise measure- 
ments of pressure, volume, and weight of gas 
contained in a glass bulb ; nltcrnatively', in tho 
volumeter method, tho vessel used for tho 
prc.ssurc and volume measurements is not used 
for weighing tho gas, but instead this is ac- 
complished in a much smaller vc.ssol containing 
materials from wliich tho gas can be generated, 
or on which it can bo adsorbed or condensed 
(c.p., o.xy'gcn from potassium permanganate, 
hydrogen from palladium hydride, condensable 
gases on charcoal cooled in liquid air). In either 
case great refinement of technique is necessary' ; 
all glass vessels arc weighed against similar 
counterpoises, and corrections must bo applied 
for tho adsorption of gases on glass surfaces and 
for tho alteration of tho volume of vessels on 
evacuation. It is also essential to allow for the 
deviations shown by' gases from tho ideal-gas 
laws, and this involves density determinations 
at different pressures so that extrapolation to 
zero pressure, or zero density', can bo carried out. 
For this purpose, Bortholot’s equation is used, 
i.e., PF~FQVg(l—AF) where F^Vg is the value 
of tho product F V at zero pressure, and A is tho 
“compressibility” of tho gas. This assumes 
strict linearity of tho FV isotherms over tho 
range of pressures used (below 1 atm.), and it has 
been sho^vn that for gases not more easily 
liquefiable than carbon dioxide, this assumption 
can lead only to errors not greater than a few 
parts per 100,000. Even for gases as easily 
liquefied as hydrogen chloride, tho error involved 
is very small and can bo reduced by use of a non- 
linear extrapolation equation, but this is seldom 
necessary. Tho modem exponent of this work, 


VoL. VIII.— 14 
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Moles, uses the relationship M=32'000LoILq', 
where M is the molecular weight of the gas under 
investigation, is the value of pjP at zero 
pressure for the gas, Lg' the corresponding value 
for oxygen, and p is the density in g. per 1. at 
pressure P and 0°c. In every case the density 
of osygen is redetermined in the same apparatus 
and under identical conditions as those used for 
the gas under investigation; this provides a 
check on the absolute accuracy of the determina- 
tion, since the normal density of oxygen is known 
with very great accuracy to be 1*4:2893 g. per 1. 


(mean of 132 measurements by five different 
authors since 1920). Eor critical accounts of 
gas-density methods, see W. Ramsay and 
M. W. Travers, “ The Experimental Study of 
Gases,” London, 1901 ; “ Les Determinations 
physico-chimiques des Poids moleculaire et 
atomique des Gaz,” Institut Internationale de 
Cooperation Intellectuelle, Paris, 1938. The 
volumeter apparatus used by Moles and co- 
workers is shown diagrammatically in Pig. 1. 

The method of limiting pressures depends on 
the buoyancy microbalance, first applied to the 



Era. 1. 


determination of gas densities by Steele and 
Grant (Proc. Roy. Soc. 1909, A, 82, 680). In 
principle, it consists of a balance of fused silica 
or Pyrex glass, Carrying on one side of the beam 
a closed bulb greatly exceeding in volume the 
counterpoise on the other side of the beam. The 
position of equilibrium of the beam therefore 
depends on the buoyancy effect of the medium 
in which it is suspended ; the bulb will suffer an 
effective loss in weight equal to the weight of 
gas which it displaces. Since the bulb is of fixed 
volume, the position of the balance beam will be 
defined by the density of the siurounding 
gaseous medium. The instrument therefore 


serves as a very accurate means of comparing 
the densities of gases and, if one of these is 
oxygen, of determining molecular and atomic 
weights. In practice, the pressures at which the 
two gases have the same density p=MIV, are 
determined. Applying the Berthelot equation 
to one molecule of gas, since PgVg=RT, 
P=pRT(\~AP)jM and hence, for the com- 
parison, 

P/P'=32-000(l-AP)/if(l-A'P'), 

where M, A, and P represent the molecular 
weight, compressibility, and pressure, respec- 
tively, of the gas under investigation, and 
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32'000, A', and P' are the corresponding 
quantities for oxygen. The ratio P'lP' 
determined for a number of different densities 
and is extrapolated to zero pressure, rvhcn 
j{p_32.000/P- The method has the advantage 
that it can he readily reduced to the micro- 
scale ; the bulb of the balance can bo as small 
as 2 ml., although a volume of 20 ml. is more 
suitable under normal conditions. It has there- 
fore been used for the determination of the 
atomic -weights of rare gases : radon (Gray and 
Ramsay, ibid, 1910, A, 84, 53C), neon (Aston, 
ibid. 1913, A, 89, 440), xenon (Whytlarv-Gray, 
Carrood, and Patterson, ibid. 1931, A, 134, 7), 
and helium (Taylor, Physical Rev. 1917, [ii], 10, 
653). The method is attended by certain 
peculiar difSculties and, if the ap- 
paratus is small, adsorption effects 
are particularly important. Cor- 
rection for adsorption of the gas 
on the balance bulb is usually 
compensated by furnishing the 
counterpoise of the balance -with 
a surface, in the form of either a 
flat plate or an open bulb, equal in 
area to the surface of the closed 
buoyancy bulb. In this •\vay, -with 
very careful matcliing of surface 
area on each side of the balance 
beam, the effect of adsorption is 
automatically cancelled out. A 
correction must be applied (the 
Rayleigh correction) for the com- 
pressibility of the bxflk, and also, 

•when it is rigidly attached to the 
balance beam, for a resultant 
lateral shift in the centre of gravity 
owing to its change in volume with 
variation of pressure. Quartz-fibre 
torsion suspension is usually used 
for the balance beam, although 
quartz Icnife-edge or even point 
suspensions have been successfully 
used. Since it is necessary to 
determine pressure ratios at differ- 
ent densities, the load on the 
counterpoise side of the balance 
beam must be adjustable. Riders 
can be used for this purpose, but 
Stock has developed an electro- 
magnetic method, whereby a 
magnet incorporated in the construction of the 
balance beam is influenced by an accurately 
measured current in an external electromagnetic 
circuit (A. Stock, Z. physikal. Chem. 1928, 139, 
47 ; “The Hydrides of Boron and Silicon,” Cornell 
Univ. Press, 1933, Chap. XXX ; Lehrer and 
Kuss, Z. physikal. Chem. 1933, 163, 73). A 
comprehensive review of construction and per- 
formance is given by Stock and Ritter, ibid. 
1926, 119, 333, and some of the main types are 
illustrated diagrammaticaUy in Pig. 2. 

The. method of correction of the normal 
densities of gases (i.e., densities at O^o. and 
760 mm. pressure) for deviations from ideal 
behaviom by means of independently deter- 
mined. compressibilities has not been extensively 
iKed in accurate molecular weight determina- 
tions although the objections to this procedure 
seem to have been over-accentuated. The 


method suggested by Guye, J. Chim. phys. 1905, 
3, 321, “the reduction of critical constants,” 
is’, however, open to more serious objection. 

2. Vapour Densities. — ^The classical methods 
of Dumas (1826), Hofmann (1868), and Victor 
Mcj'cr (1878) arc so well known and widely 
described as to require no discussion. The Victor 
Meyer method has the advantego that the 
temperature of the heated zone in which tho 
substance is volatilised need not bo known and, 
possibly for this reason, it has been developed 
and modified to a greater extent than tho others. 
More compact modifications have been de- 
scribed by Weiser (J. Physical Chem. 1910, 20, 
632) and by Macinnes and Krciling (J. Amcr. 
Chem. Soc. 1917, 89, 2350), and methods 
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dojiending on measurement of increase of pres- 
sure at constant volume by Blcior and Kohn 
(Monatsh. 1899, 20, 605) and by Lumsdou 
(J.C.S. 1903, 83, 342). Very high-temperaturo 
determinations on substances of low volatility 
were carried out by Nornst (Z. Elcktrochem. 
1905, 9,- 022; Wartemberg, Z. anorg. Chem. 
1908, 66, 320) by use of iridium apparatus. For 
very reactive substances, or for determinations 
at elevated temperatures at which dissociation 
may occur, it is often advantageous to use all- 
glass apparatus of constant volume, and for this 
purpose a variety of all-glass pressure gaugo.s 
is awailablo. These arc usually used inter- 
mediately, ns null indicators, between tho closed 
vessel and the manometer proper (for rofcroncos 
and brief descriptions, sea L. Farkas and H. W. 
Melville, “ Experimental Methods in Gns 
Reactions,” London, 1939). 
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SatisfjEictory micro-methods of vapour density 
determination have been devised (J. B. Niederl 
and V. Niederl, “ Organic Quantitative Micro- 
analysis,” London, 1938, pp. 175-183), depending 
on the displacement of mercury imder controlled 
conditions. Two types of apparatus are shown 



in Tigs. 3 (a) and 3 (h), the former for liquids 
boiling below 100°c. and the latter for less 
volatile substances. The vaporisation vessels 
and the associated capillary tubes are filled 
completely with pure, dry mercury at room 
temperature, and are heated in a liquid or vapoim 
bath to a determined temperature sufScient to 


volatilise the substance tmder investigation. 
Some mercury is expelled by expansion and is 
weighed ; this serves as a “ blank ” for the subse- 
quent determination. After cooling, the mer- 
cury is removed and a weighed sample of sub- 
stance (5-10 mg.), contained in a suitable 
eapiUary tube or micro-pipette, 
is introduced into the vapor- 
iser, which is again completely 
filled with mercury to the 
outlet of the capillary tube. 
The apparatus is then heated 
to the predetermined tempera- 
ture and, when equilibrium is 
reached, the displaced mercury 
is weighed. The molecular 
weight of the substance is then 
given by the relationship 
M—wRTjPV, where w is the 
weight of the sample, R is the 
gas constant in inl.-mm. per 
degree, T is the temperature of 
the bath in °K., and P and V 
are the pressure and volume 
of the vapoin-, respectively. 
V—W~cAT/d—v, where IF is 
the weight of the displaced 
mercury, c is the correction for 
expansion per °c., previously 
determined, /IT is the difier- 
ence between room tempera- 
ture and that of the bath (T), d 
is the density of mercury at T, 
and V is the volume of the 
liquid or solid sample intro- 
duced. P=Pi+P 2 -Pa+Pi, 
where pj is the barometric 
pressure, pg is i'i'® vertical 
distance between the mercury 
level in the vaporiser and the 
capillary outlet, pg is the 
vapour pressure of mercury at 
temperature T, and p^ includes 
corrections for the temperature 
of the mercury in the vertical 
section of the capillary outlet, 
the conversion of the baro- 
meter to 0°c., and the capillary 
depression of mercury in the 
outlet tube. These corrections 
are to some extent self-cancel- 
ling, and can usually be 
omitted within the ordinary 
limit of accuracy of about 1%. 

Methods of determining gas 
or vapour densities based on 
Graham’s Law of difiusion, or 
effusion, do not seem to have 
found very wide use since 
they were applied by Bunsen 
(“ Gasometrische Methoden,” 
Braunschweig, 1876, p. 128), 
except in special eases such as 
that of Ozone (Soret, 1868; Ladenberg, 1898). 
It appears, however, that they are capable of 
providing convenient laboratory methods with an 
accuracy of the order of 1% for reasonably 
volatile substanees (Eyring, J. Amer. Chem. Soc. 
1928, 50, 2398). 

The molecular weight of a substance of suflS- 
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cient volatility which is immiscible with water 
can be determined by steam distillation, a pro- 
cess which can be regarded as an indirect 
vapour-density method. The composition of 
the vapour from the distillation is solely a func- 
tion of the respective vapour pressures of the 
immiscible components, i.e., the molecular ratio 
nJuB in the distillate will be equal to P^Pb- 
Then a determination of the weight ratio 
TTa/H^b allows of calculation of the molecular 
weight of one component if that of the other 
is known, from the relationship 

■ JlfA=illB(IFAPl)/n'BPA). 

The temperature of the distillation is accurately 
determined, and the value of Pb. t’-e-. the vapour 
pressure of water at this temperature, is found 
from recorded data; P^ is then barometric 
pressure less Pb- 

n. Molecttlae Weig}its of Substances in 
THE Liquid State. 

Since the molecular weights of substances are 
more conveniently determined under other con- 
ditions, this section is concerned simpl}’’ with 
states of aggregation pecidiar to the liquid 
phase; in very general terms, with the degree 
of association, or vnth the degree of ordered 
structm-e in the liquid. This subject is not 
strictly within the scope of the present article, 
but mention may be made of certain properties 
which are diagnostic of association, although 
they are not generally capable of giving any 
quantitative estimation of degree of association. 
Van der Waals’s and Dieterici’s equations of 
state predict that the critical ratio RTdPcVc 
should be constant for all substances and have 
the values respectively of 2-G7 and 3-005. 
Most normal liquids give a value of about 3-7, 
but associated liquids give values wliich are 
considerably higher. Associated liquids also 
show abnormal surface tension relationships, 
although the methods proposed by Ramsay and 
Shields (J.C.S. 1893, 63, 1087) and others for 
the estimation of association by this means have 
been shown to be unreliable (S. Sugden, “ The 
Parachor and Valency,” London, 1930, pp. 157- 
180). Probably the best criterion is found in the 
entropy of vaporisation, wliich, for normal 
liquids, with very few exceptions, has a value of 
about 21 g.-cal. per degree at the boiling-point. 
This is expressed in Trouton’s rule that 
JIIJ/r=constant=21, where M is the molecular 
weight, I is the latent heat of evaporation per g., 
and T is the boiling-point in °k. It is clear that 
associated liquids will show an abnormally high 
entropy of vaporisation, provided that the 
vapour produced is not itself associated; this 
can, of course, be investigated by vapour density 
measurements. Hildebrand (J. Amer. Chom. 
Soc. 1915, 37, 970) has proposed a more accurate 
form of Trouton’s rule ivhich shows the same 
effect. 

III. Solution Methods. 

Methods based on the direct determination of 
osmotic pressures require such highly specialised 
technique that they are only used in special 
cases ; they are suitable 'for dealing with sub- 
stances of very high molecular weight (c/. 


Carter and Record, J.C.S. 1939, 000), but this 
subject is discH-ssed in another article. There 
are three other main methods based on colli- 
gativo properties of solutions. 

It should bo realised that there is often a 
limitation in accuracy in these methods which 
is imposed by departure from the ideal laws, 
which cannot therefore ho surmounted hy 
elaboration of technique. It is, however, 
usually not of first importance that results 
should be accurate, so long ns they give un- 
equivocal evidence ns to which, of a number of 
possible values of molecular weight, is the cor- 
rect one. The precise value is then available 
from accurate analytical data. It is not within 
the scope of thi.s article to discuss analytical 
methods; for e.xnmple, determination of an 
equivalent bj' titration cannot bo considered 
ns a molecular weight determination. 

It mnj' be noted that some 
improvement ofneeurney can 
be effected by comparing the 
“ unknown ” substance in 
solution with a standard sub- 
stance in the same solvent at 
the same molar concentra- 
tion ; deviation from ideal 
behaviour will then mutually 
cancel to some o.xtcnt. Ab- 
normalities duo to association 
or dissociation in solution 
cannot be discussed. 

L The Lowering of 
Vapour Pressure. — Tl>o 
vapour pressure of a solution 
is lowered below timt of 
the pure solvent b}' the pre- 
sence of a non-volatile solute. 

The relationship expressed 
in Raoult’s Law, PjPo~ 

Nl{N+7i), where P and P^^ arc 
the vapour pressures of solu- 
tion and solvent, respectively, 
and N and n are the rc.spcctivc Uro- 

molar quantities of sol vent and 
solute in the solution, becomes, with sufficient 
accuracy in dilute solution, APjP—njN, where 
/iPjP is called the “ relative lowering of the 
vajmur pressure.” Hence, for w g. of solute, of 
molecular weight ?», dissolved in IF g. of solvent 
of molecular weight M, 7n=wMPIWAP. The 
methods available for the precise determination 
of vapour pressures can, of course, bo applied to 
solutions, and the value of /iP obtained by 
comparison with the vapour pressure of the j»uro 
solvent determined in the same way. It is 
usually desirable, however, to determine AF 
directly by a differential method, ns in Monzies’s 
method (J. Amer. Chom. Soc. 1910, 32, 1015), 
the apparatus for which is shown in Fig. 4. 
The side-arm of the apparatus is joined by a 
rubber coimection, wdiich can bo olosod with a 
clip, to a reflux condenser. Both inner and 
outer vessels initially contain pure solvent; 
with the clip closed, air is displaced from the 
apparatus hy boiling the liquid in the outer 
vessel with the stopper removed ; the liquid in 
the inner vessel is raised to the boiling-point 
by the stream of vapour passed into it by moans 
of the inner re-entrant tube. When all the air 
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has been expelled, the stopper is inserted and the 
connection to the condenser is opened. The 
level of the liquid in the inner re-entrant tube, 
which is divided in mm. is observed. The whole 
procedure is repeated, with a weighed amount of 
solute added to the inner vessel, and in this case 
the observed level is depressed because of the 
excess vapour pressure of the solvent as com- 
pared with that of the solution. The difference 
between the two observations gives AP, and P 
is equal to the barometric pressure. Knowledge 
of the density of the solution, or, within experi- 
mental error, of the solvent, at its boiling-point, 
is required. It is interesting to notice that the 
same apparatus can be used for vapour-density 
determinations (Menzies, ibid. 1910, 32, 1624). 

An elegant micro-method depending on the 
identity of vapour pressures of equimolar solu- 
tions of different solutes in the same solvent 
(an “ isopiestic ” method) was devised by 
Barger (J.C.S. 1904, 85, 286) and has been 
developed by Rast (Ber. 1921, 54, 1979) and 
others. It has the great advantage that pure 
solvents are not required, and that the range of 
solvents available is not restricted by considera- 
tions of suitability of boiling- or freezing- 
points; valuable solvents such as pyridine, or 
even mixed solvents thus become available. 
In Rast’s procedure (J.c.) a number of thin- 
waUed capillary tubes, 80 x 1 mm., are prepared, 
and the ends are drawn out hair-fine, a central 
section of the original diameter and 30-40 mm. 
long being left. Standard solutions of a suitable 
standard substance (preferably coloured, e.g., 
azobenzene) are prepared, covering the con- 
centration range of Od-LO molar, and a single 
solution, of known weight concentration, of the 
substance of which the molecular weight is 
required. The capillary tubes are held in a split 
rubber bung fitted to a filter tube, so that by 
applying gentle suction to the side-arm of the 
latter, the solutions can be drawn into the tubes. 
Each capfllaiy is half filled with one of the 
standard solutions ; a small air-bubble is then 
allowed to enter, and the filling is completed by 
drawing in the other solution in the same way. 
The air bubble now occupies a central position 
in the capillary. It must be arranged that a 
small air space is left adjacent to each drawn-out 
end, which can then be sealed oil in the flame of 
a micro-burner. A set of capillaries filled in this 
manner, each containing a different standard 
solution, is suitably attached to a microscope 
slide so that the meniscuses of one or other of 
the solutions are aU in line with a reference mark 
on the slide (etched, or formed by an attached 
hair). The alignment is carried out under a low- 
power microscope and the capillaries, preferably 
in a shallow water-bath to maintain constant 
temperature, are observed from time to time. 
In the case that the two soluotins in a given 
capillary are of equal molar concentration, the 
position of the central bubble remains un- 
changed ; in other cases, isothermal distillation 
of the solvent occurs across the bubble from the 
weaker solution to the stronger, so that the 
bubble is displaced in the direction of the weaker 
solution. The extent of the displacement is 
measured, and an interpolation can be made, if 
necessary, in order to find the molarity of the 


standard solution which would be isopiestic with 
the solution of the substance under investigation. 
Finer discrimination can be obtained by means 
of a second experiment with suitably modified 
standard solutions. The time necessary for the 
observations varies very greatly according to the 
volatility of the solvent, and may have any value 
between 0-25 and 48 hours. The accuracy of the 
method is about 10% ; possibly slightly better 
than this in the original method of Barger (i.c.). 
Other modifications, designed to avoid possi- 
bility of mixing of the two solutions {e.g., 
Niederl and Levy, Science, 1940, 92, 225) are 
claimed to give greater accuracy. 

Isopiestic methods on the large scale have 
been developed to a very high degree of pre- 
cision, and have been used for accurate activity 
determinations (Sinclair, J. Physical Chem. 
1933, 37, 495 ; Robinson and Sinclair, J. Amer. 
Chem. Soc. 1934, 56, 1830 ; Scatchard, Hamer, 
and Wood, ibid. 1938, 60, 3061). 

2. Ebullioscopic Methods. — ^The classical 
methods and the principles involved are so well 
known and widely accessible as to need no special 
description. The chief difiSculty is the avoid- 
ance of superheating, and a great number of 
forms of apparatus has been devised to over- 
come it. Probably the most satisfactory method 
is to heat the solution by passing into it a stream 
of vapour of the solvent (Sakurai, J.C.S. 1892, 
61, 989; Landsberger, Ber. 1898, 31, 468; 
Walker and Lumsden, J.C.S. 1898, 73, 602; 
McCoy, Amer. Chem. J. 1900, 23, 363); but 
this is attended with the difSculty that the con- 
centration of the solution is continuously, if 
gradually, changing during the comse of the 
experiment. The best of other methods is that 
suggested by Cottrell {ibid. 1919, 41, 721 ; Read 
and Washburn, ibid. 1919, 41, 729), in which 
the thermometer bulb is continuously bathed 
in a stream of solution and bubbles of vapour, 
raised by a “ vapour lift.” Electrical heating is 
very advantageous, and an apparatus incor- 
porating this, together with the Cottrell principle, 
is illustrated in Fig. 5 ; details for the con- 
struction of such an apparatus are given by 
W. G. Palmer, “ Experimental Physical 
Chemistry,” Cambridge, 1941, pp. 123-127. 
The necessity for a Beckmann or other sensitive 
thermometer is ingeniously eliminated in the 
apparatus devised by Menzies (Pros. Nat. Acad. 
Sci. 1921, 7, 81 ; Menzies, J. Amer. Chem. Soc. 
1921, 43, 2309; Menzies and Wright, ibid., 
p. 2314), shown in Fig. 6, in which a diflerential 
vapour-pressure thermometer is used. This 
instrument consists of a capfllary U-tube, with 
one limb long and divided in mm., joining two 
small bulbs ; this forms an enclosed system con- 
taining a suitable liquid sealed up with its 
vapour, air being absent. The lower bulb is 
bathed with vapour and solution by means of a 
Cottrell “ vapour-lift,” and is therefore at the 
boiling-point of the solution; the upper bidb, 
which is in the pure vapour, is at the boiling- 
point of the solvent. This difference in tempera- 
ture is accmately registered by the level of the 
thermometric liquid in the divided vertical tube ; 
knowledge of the densities and vapour pressures 
of this liquid at different temperatures is 
required. Water is usually suitable for the pur- 
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pose, and will cover a considerable range of 
solvents with different boiling-points. It will 
be noticed that this method eliminates errors duo 
to variation of barometric pressure. 

StiU further improvements in technique have 
been introduced by Swientoslawsld in his simple 
and differential ebulliomotors (Z. phyaikal. 
Chem. 1932, A, 160, 257 ; Bull. Soc. cliim. 1931, 
[iv],49, 1663; W. Swientoslaw8ki,“Ebulliomctry,” 
Krakow, 1936), which make use of the “ vapour 
lift ” principle. 

Micro-methods for cbullioscopic molecular- 
weight determinations, based on Beckmann’s 
and Cottrell’s methods, have been described, and 
these are discussed in the article on Jliono- 
OHEMiSTKY (v. this Vol., p. 74(i). Information 



Fig. 5. Fig. C. 


on molecular elevation constants for various 
solvents is given under Moleoulab DErivESSioN 
AND Elevation Constants, this Vol., p. 164a. 

3. Cryoscopic Methods. — The ordinary 
laboratory method is still essentially the same 
as that due to Beckmann (Z. physikal. Chem. 
1888, 2, G38, and later papers) and involves a 
supercooling procedure. A number of experi- 
mental difSculties are encountered. If undue 
supercooling takes place before freezing com- 
mences, a considerable amount of solvent 
separates from the solution in the solid state, 
causing^ a very appreciable increase in the con- 
centration of the residual solution as compared 
wth that of the original, on which the calcula- 
tions are usually based. This source of error 
18 mmimised by stirring and by inoculation with 
a small crystal of the pure frozen solvent. The 
steady temperatme recorded by the thermo- 
meter when freezing has occurred may not bo 
the true freezing-point of the solution ; it is a 
resultant temperature which depends on the 


relative rates of loss of heat of the system ic the 
cooling bath and gain of heat duo to the solidifi- 
cation of the solvent. In order to make the 
difference between this false equilibrium tem- 
perature and the true freezing-point ns small ns 
possible, it is ncccssarj' to ensure that the cooling 
bath is not at a temperature very much lower 
than the fr6czing-point. It will bo noticed that 
the cryoscopic method, ns compared with the 
cbullioscopic method, suffers from the dis- 
advantage that the pure solvent phase with 
which the solution must come into equilibrium 
is a condensed phase (solid ns compared with 
vapour), and this uses up, ncccssaril}', a larger 
amount of material, with the attendant danger 
of disturbance of concentration. Further, the 
comparatively small latent heat of freezing 
makes tho temperaturo measurements more 
su.sccptiblo to disturbance, although this is offset 
b}' a corresponding gain in tho magnitude of tho 
molecular depression constant (see this Vol., 
p. 164a). Many solvents with desirable proper- 
ties for cr^'oscopic molecular-weight determina- 
tions arc appreciably hygroscopic, a tendency 
which is aggravated at lower temperatures. In 
such eases a modification of the apparatus is 
neccssar}'’ in order to protect tho solution from 
atmospheric moisture; entirely enclosed ap- 
paratus with electromagnetic stirring is some- 
times used for this purpose. 

A very valuable modification of the cryoscopic 
method is made available by solvents of high 
molecular-weight, high freezing-point, and low 
latent-heat, yubstanccs of this tj’po have such 
high molecular depression constants that tho 
significant temperature differences arc largo 
enough to bo mcasurablo with adequate accuracy 
by means of a thermometer divided in O'2'’o. in 
an ordinary melting-point apparatus (Rast, 
Bcr. 1922, 55 [B], 1051, 3727). Camphor is tho 
most commonly used solvent, requiring a 
thcrmometric range of 100-180®c., although 
other substances of tho terpeno scries, with ovon 
higher depression constants, have been pro- 
posed (Pirscli, ibid. 1932, 65 [B], 802, 1227, 
1839; 1933, 66 [B], 319, 500, S15, 1094; 1934, 
67 [B], 101, 1115, 1303; 1935, 68 [B], 67). 
The camphor used must bo of tho liighcst purity, 
and tho depression constant for each batch must 
bo separately determined with a known standard 
solute, becauso of tho very wide variations which 
aro found, according to tho source, natural or 
sjmthotic, of tho camphor. 

Tho method lends itself admirably to micro- 
tcchniquo, in which case onl^' milligram samples 
of solute aro required. A thin-walled glass 
capillary is prepared, 40 mm. long and 2 and 
4 mm. wide, respectively, at tho closed and opon 
ends. A quantity of solute is introduced, with 
precautions to avoid scattering of tho substance 
on the walls of tho tube. Tho weight of tho 
solute is determined by difference. A quantity 
of camphor, 10-20 times tho weight of tho 
solute, is similarly introduced, and tho tube is 
scaled, introduction of moisture from the flamo 
being avoided : tho sealed end is pulled out into 
a small glass rod, about 5 cm. in length. A 
similar tube containing tho pure camphor only 
is prepared at tho same time. Tfro tubes are 
attached to a thermometer bulb, and heated it\ 
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a suitably stirred liatli until a clear liquid melt 
is obtained, cooled until solidification occurs, 
rebeated, and cooled again, in order to ensure 
homogeneity. The freezing-point is then deter- 
mined -with a rate of heating not exceeding 0-5'' 
per minute, and is the temperature at -uhich the 
last trace of crystalline camphor disappears. 
It must be emphasised that this is not, the 
“ melting-point ” as ordinarily determined, 
which wiU, of course, be at a lower temperature 
(i.e., it will be on the solidus curve and not the 
liquidus). If larger quantities of material must 
be used, in the absence of a micro-balance, a 
clear homogeneous melt must first be made in a 
sealed tube. After cooling, this is opened and 
the contents are powdered and introduced into a 
melting-point tube, which is then sealed. 

Mention must be made of equilibrium methods 
of determining freezing-point depressions, as 
distinct from the super-cooling methods already 
described. In these, the solution is allowed to 
come into equilibrium with a large amount of 
pure frozen solvent imder conditions of efficient 
heat-insulation. When equilibrium is reached, 
samples of the solution are withdrawn, and the 
concentration found by analytical methods. By 
such procedure, involving a direct comparison 
■with a similar system consisting of pure solvent 
only, very precise determinations can be made, 
particularly when thermocouples, or resistance 
thermometers, are used to determine the tem- 
perature difierence. Usually large amounts of 
material are required, and the apparatus is so 
specialised as to be inaccessible for ordinary 
laboratory procedure (Adams, J. Amer. Chem. 
Soo. 1916, 37, 481 ; Havorka and Rodebush, 
ibid. 1926, 47, 1614; Randall and Scott, ibid. 
1927, 49, 647 ; Scatchard and Prentiss, ibid. 
1932, 54, 2676). 

IV. Molecular Weiohts of Substances in 
THE Solid State. 

The only method available is that of N-ray 
difiraction, and the apparatus and technique is 
so highly specialised that a description is beyond 
the scope of the present article. Nevertheless, 
it possesses such unique advantages in certain 
cases that some mention must be given to it. 
It requires only a single crystal of the substance 
to be examined, and this may be of considerably 
less than a milligram in weight, and remains 
quite unaffected by the process of the determina- 
tion. The principle of the method depends on 
fi n d in g the dimensions of the ■unit eeU of the 
crystal and the number of structural units 
which it contains. A determination of the 
density of the substance, which can be done by 
a flotation method in a medium in which it is 
insoluble, allows of an accurate assessment of 
molecular weight. It is clear that this method 
may be of great value in the case of precious 
substances available only in the minutest quan- 
tity, and required for further investigation 
(W. H. and W. L. Bragg, “ The Crystalline 
State,” London, 1933, pp. 238-240). 

D. J. G. I. 

molybdenite, a mineral consisting of 
molybdenum sulphide, MoSj, crystallising in 
the hexagonal system in the form of six-sided 
plates or short, slightly tapering or barrel- 


shaped prisms ; usually occurs in disseminated 
scales, and sometimes in foliated or granular 
masses. Possesses a perfect basal cleavage, the 
laminae being very flexible, but not elastic. 
The mineral is sectile, can be easily scratched 
by the finger-nail, and has a greasy feel. Its 
colour is lead-grey with a faint bluish tinge, the 
streak on paper being bluish-grey and on porce- 
lain a greenish-grey, whilst the lustre is metallic. 
p 4-7. Molybdenite is often confused with 
graphite, but the latter has less than half the 
density of molybdenite, besides having a black, 
shining streak. 

Molybdenite is the only important source of 
molybdenum. It occurs as disseminations and 
segregations in granite, as “ pockety ” deposits 
in pegmatites, in limestones adjacent to granite, 
and in quartz veins. The annual world produc- 
tion of molj'bdenum since 1940 has exceeded 
16,000 tons, of which the United States has 
contributed more than 90%, mainly from the 
famous molybdenite mine at Climax, Colorado. 
During most of the nineteen-thirties this single 
mine produced from 80 to 86% of the world’s 
molybdenum, but ■within recent years this per- 
centage has dropped to about 60, owing to the 
greatly increased recovery of by-product molyb- 
denum from the copper ores of Utah and New 
Mexico, which contain minute amounts of 
molybdenite. Molybdenum is principally used 
as an alloying element in the manufacture of 
special grades of iron and steel, notably in high- 
speed tools, rustless steels, dies, and permanent 
magnets. It serves best in steels in combination 
■with nickel and chromium, and is reckoned to 
have tivice the hardening power of tungsten. 
High molybdenum steels, ■with more than 1% 
Mo, are made from ferromolybdenum, but low 
“ molly ” steels, as they are referred to in the 
trade, are made by adding calcium molybdate 
(.see, also this Vol., p. 220d). Minor quantities 
of molybdenum are used for catalysts, dyes, 
pigments, and inks, and in the form of am- 
monium molybdate it serves as a chemical 
reagent, as a fire-proofing material, and as a 
disinfectant. 

References. — ^E,. H, Eastall, "Molybdenum Ores,” 
Monogr. Imperial Institute, London, 1922 ; V. 1. 
Eardley-WilmoL " Molybdenum, Metalliugy and 
Uses, and the Occurrence, Mining and Concentration 
of its Ores,” Mines Branch, Canada, 1925, No. 692 ; 
F. L. Hess, "Molybdenum Deposits,” tl.S. Geol. 
Survey, Bull. 761, 1924 ; B, S. Butler and J. W. 
Vanderwilt, "The Climax Molybdenum Deposit of 
Colorado,” U.S. Geol. Survey Bull. 846-C, 1933. In 
the British Isles : Special Beports on the Mineral 
Besources of Great Britain, Mem, Geol. Survey, 1916, 
Vol. V, 2nd ed., 1917. 

D. W. 

MOLYBDENUM. Sym. Mo. At. ivt. 
95-96. At. no. 42. Molybdenum consists of 
seven isotopes of which the masses and percent- 
age abundances are ^^Mo 16-6, ®*Mo 8-7, 
96Mo 16-3, “^Mo 16-8, s^Mo 8-7, 25-4, 

and 8-6% (Mattauch and Lichtblau, 

Z. physikal Chem. 1939, B, 42, 288), which give 
an atomic weight of 96-03. 

History. 

Molybdenite, the sulphide ore, was kno^wn to 
the ancient Greeks and others, who confused it 
with lead because of its hea-viness, and with 
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grapMte because in appearance it is similar to 
'this mineral. Up to the oighteenth^ centurj’^ 
graphite and molybdenite urere sold as " molyb- 
dan ” or even “ molybda3num,” a name derived 
from “molybditis” or molybdrena ” (from the 
Greek /ioXv^Biva, lead), terms used to designate 
minerals which appeared Icad-liko. Schcelc in 
1778 showed that molybdenite and_ ^aphitc 
were entirely different, for with nitric acid 
molybdenite was converted into a white solid 
which he called “ molybdenic acid." Wien his 
colleague Bergman suggested that this bod 3 * was 
probably an oxido of a now metal, Scheclc, 
having no suitable furnace, asked P. J. Hjclm 
of Stockholm to reduce it to the metal. Hjelm 
ground the white molybdic acid to a paste with 
linseed oil, and heated it in a closed cniciblo to 
carbonise the oil and to reduce the oxide ; bo 
thus obtained the now element in metallic form 
in 1782. It was not, however, until about 1890 
that the metal was carefullj' investigated in 
view of its possible value as an alloj' addition 
to steel. The approximate world production 
of the metal has shown a great increase in recent 
years, ns indicated bj' the following figures : 
1900 10 tons; 1930, 2,000 tons; 1911, 17,000 
tons ; of the last figure over 16,000 tons were 
produced in the U.S.A. 

OcOtJBREKCE. 

{See aho Molybdentui JIrNERAi.s, this Vol., 
p. 22Ga.) 

Molybdenum does not occur in the metallic 
state, and although its compounds are fnirh* 
widely distributed in small quantities, com- 
paratively few definito molj’bdenum minerals 
are recognised. The most important oro is 
molybdenite, IVIoSj (v. this Vol., p. 210b). A 
colloidal form of molybdenite has been described 
and named jordisile. Other common minerals 
are wulfenite, PbMoO^, found in the oxidised 
portions of lead deposits in many parts of tho 
world, poweliite, CalVloO^, and inohjbdiic or 
molybdic ochre, {v. this 

Vol., p. 2266), the yellow oxidation product of 
niolybdenite. Less common minerals are chilla- 
giie, 3 PbW 04 ,PbMo 0 .j, iUsemannite or blue 
oxide,Mo 02 , 4 Mo 03 , 1 -oec/ifiniVc, Bi^Oj.MoOj, 
and lindgrenUe, 2 CuMo 04 ,Cu(OH) 2 . A mag- 
nesium molybdate, belonesite, MgMoO^, and a 
cobalt molybdate, paferaife, C 0 M 0 O 4 , have also 
been described. Molybdenum occurs in small 
quantities in other minerals containing tho rare 
heavy metals of the same group (tungsten, 
vanadium, etc.). 

Small quantities of molybdenum arc found in 
various igneous and sedimentary rocks, ns well 
as m ground waters, hot spring waters, and plant 
and animal tissues. In the case of igneous rocks, 
molybdenum is more frequently present in 
sihceous rocks such as granites, but small 
quantities have been found also in basic and 
mtra-basio rocks. Molybdenum has also been 

oimd in sedimentary rocks, especially shales 
and, generally accompanied by vanadium, in 
clays ; it has been reported to be present in the 
manganese nodules cdUected by the Challenger 
expedition. Molybdenum has been found in 
spectroscopic amounts in spring waters in Brazil, 
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Spain, and Japan, and also in sea water. Tho 
most important occurrence in thermal waters is 
that reported by Zeis (Nat. Georg. Soc., Katmai 
Sor. 1929, Vol. 1, no. 4) in tho Valley of Ten 
Thousand Smokes, Alaska, where inolj'bdenum 
is deposited as “ molybdenum blue " around a 
steam vent. Erom his work on the study of coal 
ash, Goldschmidt (Ind. Eng. Chem. 1935, 27, 
1100 ) concludes that tho content of molj'b- 
donum in this material is higher than in average 
rocks, and the ash from oil-burning steamers was 
found b}' Herman (Metallwirts. 1930, 16, 1124) 
to contain Mo O-l, Ni 0-5, and V 2-6%. 

Tho presence of raoh'bdcnum has been 
reported in milk and also in hen eggs. In plant 
products molybdenum is frequently reported, 
Rao (Sci. and Cult. 1938, 4, 362) found 8-11 
p.p.m. in peas. Dingwell, Mclvibbon, and Beans 
(Canad. J. Res. 1934, 11, 32) found tho metal in 
numerous plants, but not alwaj's in tho soil in 
which tho plants grew, and no molj’bdenum was 
found in similar plants from other areas. Ac- 
cording to Jlcnlon and Ravonswany (Proc. Acad. 
Sci. Amsterdam, 1935, 38, 7), leaves of Virginia 
creeper, poplar, and lilac contain small amounts 
of molj’bdcnum. 

Although molybdenum has been found on 
over}' continent and in many countries, only 
three deposits of molybdenito arc iinimrtant 
producers of tho metal. These occur at Climax, 
Colorado; Questa, New Mexico and Knabcn, 
Nonvay. Smaller quantities arc found in Peru, 
Canada, Australia, Chile, U.S.S.R., etc. 

Certain copper oro-bodics produce molyb- 
denite as a by-product in Cannnen, Sonora, 
Mexico ; Braden, Chile ; Copper Creek, Arizona, 
etc, Wulfcnito is found in the oxidised parts 
of lead deposits in many places, especially 
Arizona, New Mo.xico, South America, Northern 
Africa, Spain, and U.S.S.R., and is believed to 
bo formed by molybdenum-bearing thermal 
waters coming in contact with oxidised lead 
deposits. Powcllito is onl}’ a minor .source of 
molybdenum as a by-product in the recover}' of 
scheclito for tungsten ; this mineral, together 
Avith molybdito, constitutes the usual oxidation 
product of molybdenito. 

Tho average molybdenito content of com- 
mercial oro-bodics as mined is approximately 
1 %, which is disseminated throughout tho rock 
in small grains ; after fine grinding, concentra- 
tion of the molybdenite by froth flotation is a 
relatively simple metallurgical operation. Its 
separation from copper has been successfully 
carried out in tho^U.S.A., ^Mexico, and South 
America. Tho usual grade of concentrate 
obtained contains MoSo 75-86%, objectionable 
impurities being arsenic, bismuth, antimony, 
phosphorus, and copper. Wulfenite is easily 
■wotted and is usually separated from its accom- 
panying gangue by water concentration. 

Reduction op Molybdenum Concentrates. 

By far tho largest proportion of molybdenum 
produced is used in tho iron and steel industries, 
and one method of introducing tho metal is in 
the form of ferromolybdcnuni. 

Forromolybdonum was formerly produced 
from molybdenite concentrates by roasting to 
oxide and reducing with carbon in tho presence 
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of scrap iron, in crucibles, but in most cases it is 
now made in electric furnaces by fusing the 
concentrates, either in the raw state or after a 
preliminary roast with varying proportions of 
coke, hme, scrap iron, etc. 

In one plant, the raw concentrates containing 
MoSg 40-90% and averaging 75% were 
treated direct in a single-phase electric furnace, 
which was water-jacketed and lined with silica 
and fire-brick. The lower electrode was of 
bronze or copper and the upper of graphite, and 
a current of 3,500-4,600 amp. at 60 v. was used. 
Eor every 100 parts of concentrates containing 
MoSj 75 and Fe 9%, 120 parts of lime, 10 
of coke, and 6 of scrap iron or steel turnings 
were added; the furnace was tapped every 4 
hours, and the ferromolybdenum produced con- 
tained Mo 70, S 0-4, and C 4-0%. The sul- 
phur in the molybdenite was almost entirely 
taken up by the slag or converted into sulphur 
dioxide ; 

MoS2-f2C-b2CaO=Mo-b2CaS-f-2CO. 

In another plant, the molybdenite concen- 
trates were first converted into oxide by roasting. 
'The resulting oxide was leached with a strong 
solution of ammonia and filtered. The solution 
was then strongly heated until the ammonia 
was driven off, crude molybdic oxide being left ; 
this was reduced in an electric furnace with coke 
and steel scrap turnings, the current used being 
4,000-5,000 amp. at 65 v. The costs of this 
process were considered high owing to mechani- 
cal loss during the preliminary treatment of the 
concentrates, and direct reduction without roast- 
ing was resorted to, lime, coke, and steel 
turnings being used as additions to the charge. 
This proved the more satisfactory process and 
over 80% of the molybdenum fed in as con- 
centrates was recovered in the ferromolybdenum, 
the chief losses being 11% by dusting and 7% 
in the slag. The dusting loss was recovered by 
the use of filter bags, and some 90% of the slag 
loss was recovered by table concentration. 

The ore wulfenite or lead molybdate has also 
been used as a source of ferromolybdenum. In 
this case, as described by Keeney (Trans. Amer. 
Inst. Min. Met. Eng. 1920, 62, 28), the ore is first 
treated with soda ash in a lead furnace, lead 
buUion and a sodium molybdate slag being 
produced. The slag is crushed, mixed with lime, 
iron ore, and carbon, and smelted in an electric 
furnace lined with magnesia. 

Reduction by Hydrogen. — ^Pure molyb- 
denum, especially when required for the pro- 
duction of sheets, wire, etc., is generally ob- 
tained by hydrogen reduction. Molybdenite is 
first roasted to oxide in a suitable furnace, the 
oxide is dissolved in ammonia, the solution is 
filtered, and nitric acid is added. This precipi- 
tates relatively pure molybdic acid, which is 
ignited at a temperature below 1,000° to 
molybdic oxide. The ignited oxide is placed in 
trays and treated in the tubes 'of a suitable 
furnace, a stream of purified and dried hydrogen 
being passed through the heated tubes. The 
reduction is commenced at a low temperature 
(300°), for at this temperature the more volatile 
molybdenum trioxide, MoOg, is reduced to the 
less volatile dioxide, MoOg. The reduction of 


the dioxide to metal begins at 500° and is fairly 
rapid at 600°. 

Mo 02-(-2H2;?^ Mo-f2HaO. 

The reverse reaction occurs to a negligible extent 
below 700°. At 800° equimolecular proportions 
of hydrogen and water vapour have no effect, 
but proportions of water above this ratio result 
in the formation of molybdenum dioxide ; pro- 
portions below this ratio give metal. The 
reduction of molybdenum is more difficult than 
the corresponding reduction of timgsten, it being 
frequently necessary to run the furnace for 40 
hours. 

The rnetal powder thus obtained is removed 
from the boats, screened, and pressed into bars 
in a hj'^drauUc press, the process varying from 
that for tungsten in minor details only. The 
pressed bars are placed between the electrodes of 
an electric furnace and heated to about 2,400° 
by passing a suitable electric current through 
them, this operation being carried out in an 
atmosphere of hydrogen. The metal shrinks 
considerably diming this process, and a suitable 
foUow-up of the electrodes must be arranged for. 
The metal so obtained is rolled into sheets or 
swaged into round bars which are subsequently 
drawn into wire. 

A hydrogen reduction method has also been 
used for the preparation of molybdenum- 
tungsten alloys, for which a mixtiue of the oxides 
of the two metals is reduced in hydrogen ; the 
mixture may or may not be compressed into 
sticks before reduction. 

Other' Methods of Reduction include the 
following : 

1. Reduction of the oxide (either the trioxide 

or preferably the less volatile dioxide) 
by means of carbon in crucibles. 

2. Reduction of the oxide by the alummo- 

thermic process, in which a mixture of 
100 parts of the oxide and 38 parts of 
finely divided metallic aluminium is 
ignited by means of a piece of mag- 
nesium ribbon surrounded by barium 
peroxide on the surface of the charge. 
The mixture is contained in a suitable 
crucible, together with fluxes .such as 
. calcium fluoride, 60 parts being useful 

in moderating the reaction. 

3. Reduction of the oxide by silicon, or by 

means of ferrosilicon if ferromolyb- 
denum is required as the product. In 
this case also, lime may be added to 
assist the slagging off of sulphur. 

The products of electric furnace reduction 
or reduction by means of carbon are liable to be 
high in carbon owing to the formation of car- 
bides. These products may be decarburised by 
remelting with molybdenum oxide or by means 
of iron oxide and lime. 

MisonnLANEOus Methods oe Extbaotion. 

Many processes have been worked out and 
patents obtained for the extraction of molyb- 
denum from its ores ; among these the following 
may be mentioned : ’ 

1. The Becket and Holladay Process 
consists in leaching the ores with a solution of 
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an alkaline sodium compound for a complete 
extraction of the metal, a substantial proportion 
of the impurities in the ore being left in the 
residue. The molybdenum is recovered by pre- 
cipitation as calcium molybdate, -which is then 
smelted or otherwise utilised. 

2. The Doerner Process consists in briquet- 
ting the molybdenum concentrates -with sodiiim 
chloride, mixed -with a sulphur-bearing material 
if insufficient sulphur is present, and heating in a 
vertical retort to volatilise chlorides or oxj'- 
chlorides of molybdenum. 

3. Another Doerner Process comprises 
treatment of molybdenum ore at about 500° in 
a stream of chlorine gas. The molybdenum^ is 
volatilised as chloride or oxjmhlorido, -wliich 
may be condensed and collected, or decomposed 
by steam or water into tho oxide and hydro- 
chloric acid. By maintaining tho condenser at 
200° the hydrochloric acid may be separated 
from the oxide and recovered in a separate 
condenser. 

4. The Forland Process is similar to the 
above and consists in bringing tho dried con- 
centrate into contact -^vith chlorine gas at a 
temperature above 268°. i\rol5''bdcnum clilorido 
distils over and is separated from the sulphur, 
and from any metal chloride having a lower 
boiling-point, by fractional condensation. In 
case the material treated contains metals of 
which tho chlorides have a higher boiling-point 
than that of molybdenum chloride, the tempera- 
ture may bo so controlled that tlicsc cldoridcs 
remain in tho residue, from which they arc 
recovered by leaching. 

5. The Robertson Process consists of the 
direct volatilisation-roasting of tho molyb- 
denite concentrate in a highly oxidising atmo- 
sphere at about 800°. Tho process is hastened 
by the addition of steam, according to tho 
following equations ; 

2MoS2-}-02-t-4H20=2Mo03-l-4HnS 

4H2S-b602=4H„0-b4S02=4H,Sba. 

After cooling, the molybdenum oxide is drawn 
from a dust-collecting tower into a bag-house, 
where it is collected. Tor woollen bags the 
temperature must not exceed 120° and for cotton 
bags 90°. 

6. For the treatment of -wulfenito, in addition 
to the smelting method already described, an 
afkaline leach method has been used by Bonardi 
(Chem. Met. Eng. 1919, 21, 364). Tho material 
is treated -with a boiling solution of sodium 
sulphide, which dissolves the molybdenum, tho 
lead, together -with any precious metals, being 
left as a residue suitable for smelting. Tho 
molybdenum goes into solution as sodium 
molybdate, and is finally precipitated, by 
addition of calcium chloride, as calcium molyb- 
date, which may be reduced to forromolyb- 
denum or used directly in the manufacture of 
special alloy steels. 

Peopeeties. 

Molybdenum is a silvery-white metal, malle- 
able and ductile, and too soft to scratch glass. 
Its BrmeU number being 147. It can be filed 
and ^fished with ease. Its appearance and 
properties depend to a large extent on its 
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method of production. When obtained by tlio 
reduction of the oxide or sulphide by hydrogen 
it is a grey powder which may be compacted, 
by sintering and swaging at a liigh temperature, 
into a silver-white solid, but brittle, bar. When 
produced by the alumino-thcrmic processes, it 
is compact, "but usually contains iron and silicon 
ns impurities ; when obtained by reduction in 
the electric furnace it is also compact but, 
owing to the absorption of carbon, it has dilTcrent 
properties from those of tho carbon-free metal. 
Ductile forms of molybdenum, obtained by tho 
compression and working of the pure metal 
prepared by hydrogen reduction, can bo drawn 
into fine wire or rolled into ribbons and sheets. 
Mol3’bdcnnm has a body-centred cubic structure. 
2 atoms per unit cell, n=3-143 A., which gives a 
calculated density of 10-2. Tho coefficient of 
expansion is approximatelj' S-lxlO”” between 
0 and 500°. Its melting-point is about 2,550°, 
and its boiling-point about 3,600°. Tho density* 
was reported by hloissan to bo 9 01, but more 
recent determinations show that it increases 
with tho amount of mechanical work put upon 
tho metal up to about 10-3. The tensile strength 
of the pure metal increases with tho finencs.s of 
the wire tested and varies from 200,00(5 to 
300,000Tb. per sq. in., which is about half that 
of similar wires of tungsten. Tho electrical 
resistance is 6-0 microhms per cm. cube for hard- 
dra-um wire and 4-8 for annealed wire. Tho 
temperature coefficient of electrical resistance 
between 0° and 170°c. is 0 005 and the specific 
heat is 0-0722 g.-cal. per g. per °o. 

Crude molybdenum, the electric funiaco pro- 
duct made direct from molj’bdcnite, has a 
compositionofapproximateh* Mo 92, Fe 2, C0% ; 
it is verj’ brittle and has a hardness greater than 
that of quart?.. It mcltvS at a lower tomperaturo 
than pure molybdenum, and its specific gravit}' 
varies from about 8-0 to 8-9, according to tho 
amount of carbon present. When pure tnolj'b- 
denum is embedded in carbon and heated to 
1,500°, it absorbs carbon and becomes hard and 
brittle ; if this carburised metal is melted with 
molybdenum dioxide, tho carbon present is 
oxidised, and tho metal is refined and its 
properties approach tho.so of tho pure metal. 
Jlolybdonum burns in oxygon at 500-000° with 
great brilliancj% oven after the source of heat 
is removed. Tho metal is very slowly’ oxidised 
at ordinary temperatures and retains its lustre 
almost indefinitely, especially when in tho form 
of drawn wire. It is slowly oxidised by steam. 
On prolonged heating at a dull red heat in air, 
it becomes covered with a white coating of 
molybdenum trio.xido, and at 600° it oxidises 
rapidly and tho trioxido thus formed sublimes. 
Tho pure metal is not volatile except at o.vcccd- 
ingly high temperatures. 

Molybdenum is attacked by fluorine at 
ordinary temperatures and by chlorine at a dull 
red heat, but it is not appreciably affected by 
iodine at temperatures as high as 700-800°. Tho 
metal is attacked by nitric acid and by hot con- 
centrated sulphuric acid, but is not affected by 
hydrochloric acid. Fused oxidising salts such as 
potassium chlorate, nitrate, etc., attack it 
rapidly, but fused alkalis act only slowly on tho 
metal. 
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Uses. 

Molybdenum, in the form of wire, is used for 
supporting the filaments in incandescent electric 
lamps. It is also used for the winding of electric 
resistance furnaces, and for this purpose it has 
proved both cheaper than and superior to 
platinum, because of the quicker heating and 
higher temperatures attainable; for this pur- 
pose, however, the metal must be protected 
from the air to prevent oxidation. Molyb- 
denum has been successfully substituted for 
platinum and for platinum-iridium aUoy in 
electrical and other appUcations of these 
materials, such as in electric contact-making 
and -breaking devices. The Coolidge Y-ray 
tube and a voltage rectifier have a considerable 
proportion of ductile molybdenum in their con- 
struction. Eor jewellery purposes it is a good 
substitute for platinum, being permanent in 
lustre, free from tarnish, capable of being worked 
like platinum, and very much cheaper. The 
metal has also been used for arc-lamp electrodes, 
by means of which a brilliant arc can be obtained. 
Molybdenum wire, in conjunction with tungsten 
wire, can be used in thermocouples for the 
measurement of high temperatures. The advan- 
tage of this type of couple is the higher. melting- 
point of the elements as compared with the 
more usual platinum/platinum-iridium or plati- 
num/platinum-rhodium couples ; the disadvan- 
tage is that the elements oxidise at high tempera- 
tures, but protection may be supplied by a 
covering of fused magnesia or some similar 
material. A considerable amount of molyb- 
denum is used in the anodes of radio valves and 
in other electronic devices ; the low coefficient 
of expansion of the metal allows it to be sealed 
to Pyrex glass. In dentistry, gold-covered 
molybdenum wire has been used to a consider- 
able extent. The main use of molybdenum is as 
an aUoying element, particularly in the steel 
industry, only a little being used in non-ferrous 
alloys (see below). Molybdenum compoimds are 
used to a limited extent in the chemical and 
ceramic industries, as for example for giving a 
yellow colour to pottery glazes end a red or 
yellow colour to glass. They are used as pig- 
ment colours in paints, lacquers, and printing 
inks, and in dyes for furs, hair, skins, etc. 

Alloys. 

By far the largest proportion of molybdenum 
produced is used as an aUoying-element addition 
to steels, and particularly to special alloy steels, 
and it is used, not like manganese as a scavenger, 
desulphuriser, and deoxidiser, but as a definite 
alloying element, its function being to enhance 
certain useful properties of the resulting metal, 
to add new properties, or to remove certain 
inherent weaknesses. Unlike manganese also, 
it is not lost by oxidation on remelting or re- 
working-up of scrap metal containing the ele- 
ment. It is found to be a useful addition to 
plain carbon steels and also to various classes of 
alloy steels, to which molybdenum imparts a 
imiformity of physical properties from the out- 
side to the centre of sections, an absence of 
temper-brittleness, as shown by impact tests 
after slow cooling from the tempering tempera- 


ture, and a close relationship between the limits 
of proportionality and the yield point. It 
causes a refinement of grain, increases the tensile 
strength, improves wear-resistance and resist- 
ance to fatigue, and promotes depth-hardening. 
To plain carbon steels 0-4^1-0% of molybdenum 
is added when these are to be used at high 
temperatures, as in turbine covers, rotors, steam 
cylinders, valves, etc., which operate at tempera- 
tures up to 400-600°. 0'5% of molybdenum 
and above has been found to double the strength 
of such steels at high temperatmes, and to 
reduce effectively the rate of creep xmder the 
same conditions. Molybdenum to the extent 
of 0-3% is added to nickel structural steels con- 
taining N i 1-3%, and is foimd to increase the 
yield point, elastic limit, and impact value of 
these steels without any sacrifice of elongation 
or reducton of area. The same quantity is also 
added to nickel case-hardening steels, as it 
promotes strength and toughness of core. 
Molybdenum, 0'25-l-0%, is also a useful 
addition to chrome-nickel steels which are liable 
to be highly stressed; it ensures absence of 
temper-brittleness as well ,as increasing the 
mechanical properties and reducing the effects 
of mass ; these steels are used for coupling, 
connecting, and piston rods, high-pressure steel 
cylinders for the storage and transportation of 
gases, etc. Molybdenum is also a useful con- 
stituent of: (a.) high-speed steels and cutting 
alloys, in which it can replace twice its weight of 
tungsten; (6) permanent-magnet alloys of the 
cobalt-tungsten type; (c) heat-resisting steels, 
which may also contain chromium, nickel, 
tungsten, etc. (used for aero-engine valves, etc.) ; 

(d) various corrosion-resisting steels ; and 

(e) nitrogen-hardening steels, both of the chrome- 
aluminium and of the chrome-nickel variety, 
which are required to possess an intensely hard 
surface.' 

Molybdenum additions may be made to steel 
produced in open-hearth furnaces, in converters, 
in rotary pulverised-fuel furnaces, in electric 
furnaces, or in crucibles, and the molybdenum 
may be added in various forms. When added 
to molten steel as ferromotybdenum, it will 
readily dissolve in the metal in spite of its high 
melting-point, although molybdenum is oxidised 
by air at the temperature of molten steel. 
Molybdenum trioxide, when brought into con- 
tact with molten steel, is reduced to metal, but 
this oxide volatilises at the high temperature 
involved, and when it is used as an addition 
agent, some compoimd (such as calcium molyb- 
date) must be used, or a protecting agent 
introduced. 

Ferromolybdenum containing Mo 70-80, 
C OT, S 0-02% may be added during any of 
the steel-making processes, but is frequently 
replaced by cheaper materials, such as the 
foUowing : (a) calcium molybdate containing 
Mo 40-60, CaO 20-26, Fe^Os 4, SiOj 6-10, 
and S 0-04% ; (6) molybdenum trioxide 

briquettes. Mo 49-62, FejOg 4-0, S 0-26%; 
fc) a mixture of molybdenum trioxide and a sul- 
phtu-free pitch binder, briquetted under 
hydraulic pressure {“ Molyte''’), supplied by 
High Speed Steel Alloys of Widnes, containing 
Mo 40-60, FCjOg 6-0, AlgOg 3 0, CaO 7-0 
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S 0-05%. All these products are packed in 
suitable containers. 

Molybdenum sulphide, IVIoS„, in the form 
of molybdenite concentrates containing Mo 
48-55, Fe 3-0, S 34-37%, is sometimes added 
as such to steels for the pm-pose of impromng 
the machinability, especially of chrome and 
nickel-chrome stainless steels, 0 ' 6 % of molyb- 
denum and 0-5% of sulphur being required for 
this purpose. 

Among non-ferrous alloys are the molyb- 
denum-cobalt-chromium alloys known as 
“ SfellUe ” {v. Vol. Ill, 2175, c). Haynes, the 
inventor of “ SlcllUe,” states (Trans. Amcr. Inst. 
Min. Eng. 1913, 44, 576) that when molybdenum 
is added to a cobalt-chromium alloy so that the 
chromium is maintained at 15%, it rapidly 
hardens as the mol 5 '^bdcnum content increases up 
to 40%, when the alloy becomes e.vcecdingly 
hard and brittle. It cuts keenly and deeply into 
glass, and scratches quartz crj’stals with case. 
It takes a beautiful polish, which it retains under 
all conditions, and on account of its extreme 
hardness, its surface is not readily scratched. 
When 25% of mol 3 ’bdcnum is added to a 15% 
chromium-cobalt alloj', a fine-grained metal 
results which scratches glass somewhat rendil 3 % 
and takes a strong keen edge. Its colour and 
lustre are magnificent, and it will doubtless find 
a 11466 appheation for fine, hard cutlcr 3 ’. A 
typical analysis is Mo 22, Co GO, Cr 11, Fe 3, 
Mn 2, and C 1 %. 

C, 0. B. 

Molybdenum-tungsten alloy’s show a con- 
tinuous series of solid solutions, and in the form 
of wire have been used in conjunction with 
tungsten wires in thermocouples for the determi- 
nation of very high temperatures. 

Moly'bdenum-nickcl alloys containing up to 
62% of molybdenum have been used as catalysts 
in ammonia synthesis. 

COMPOUNDS OP MOLYBDENUM. 

Molybdenum compounds are usually classified 
according to valency, viz. the bi-, ter-, and 
quadri-valent compoimds, which are basic, and 
the qumque- and sexa-valont series, which are 
acidic in character. Several of these series are, 
however, very scantily represented, and it is 
therefore simpler, if less logical, to treat moly’b- 
denum compoimds according to their other 
constituents. 


' Molybdenum Oxides. 
Molybdenum Sesquioxide, MojOj, maj 
be present in the dark powders formed durin( 
the reduction^ of higher oxides by hydrogen 
carbem monoxide, etc., but materials so roportci 
are of doubtful individuality. A hydroxide o: 
hydrated oxide is precipitated by ammonii 
rom solutions of tervalent molybdenum salt 
(oxy^n being rigidly excluded), and on dryini 
at too this is reputed to leave Mo (OH), 
difficultly soluble in acids 
ms substance is also formed by cathodic reduc 
molybdates in solution. 

Molybdenum Dioxide, MoO„.— This oxidi 
is lairly well defined and is formed by gent! 
at Sr the trioxide in hydrogL (e.i/. 
), excess M0O3 being removed by re 


placing the hydrogen by hydrogen chloride, 
which converts it into the volatile Mo 03 , 2 HCl. 
Tins oxide is also formed by heating ammonium 
moly’bdato alone, or sodium molybdate with 
zinc, out of contact with air. It forms opaque 
tetragonal cr 3 ’stals with a violet reflex, which 
have been found to possess a structure of the 
nitilo typo (a=4-SG, c=2-79 A.). These crystals 
are insoluble in boiling hydrochloric acid or 
potassium h 3 ’droxido solutions. By reducing 
moly’bdates in solution and then precipitating 
with alkalis, a number of dark greenish products 
have been reported which may contain 113 'dr- 
oxides or 113 'drntcd oxides of quadrivalent 
niol 3 'bdcnum, but these derivatives arc of doubt- 
ful individunlit 3 ’. 

Molybdenum Pentoxide, MOoOj. — IVard- 
law and Nicholls (J.C.S. 1925, 127, 1488) pre- 
pared this oxide b 3 ’ heating the ox 3 ’sulphate 
(produced 113 ’ elcctrol 3 ’tic reduction of tho tri- 
oxide in sulphuric acid) in a stream of nitrogen ; 
it formed a violet-black powder, insoluble in 
water, dinicultl 3 ’ soluble in h 3 ’drochloric or sul- 
phuric acid. 

Molybdenum Trioxide, M0O3. — ^This is tho 
best known and principal oxide of mol 3 ’bdcnum, 
and it occurs naturnll 3 ’ in siuall quantities. It 
is tisunll 3 '' prepared from tho natural sulphide b 3 ’ 
powdering and roasting in tho air. On a small 
scale tho resultant oxide 11103 ' bo purified 113 ' 
sublimation, but on a larger scale it is usual to 
fix basic impurities b 3 ' conducting tho roasting 
in presence of silica and extracting tho inol 3 'b- 
dcniini trioxido with dilute ammonia; 11113 ’ 
copper passing into solution is precipitated with 
ammonium sulphide, and tho ammonium mol 3 ’b- 
dato recovered and rccr 3 ’atalliscd ; tho trioxido 
is obtainable from ammonium mol 3 'bdnto by 
evaporation with nitric acid or b 3 ’ ignition in a 
stream of ox 3 ’gcn. Impure mol 3 ’bdonum tri- 
oxido obtained b 3 ’ tho action of acids on native 
raol3'bdnte3 is also dissolved in ammonia and 
purified in this manner. The trioxide is colour- 
less, 3 ’cllow when hot, and melts at 791°; tho 
cr 3 ’ 8 tals deposited from the melt, often retaining 
a somewhat 3 ’cllow tint, are rhombic (aib'.c 
=0’3872:1:0’4792) witii a densit 3 ’ of 4’7, and 
aro volatile above 500°. Gaseous hydrogen 
chloride at 150-200° converts tho trioxido into 
MoO(OH) 2 Cl 2 , which is rendil 3 ' volatile; 
chlorine produces MoOoClj with diflicult 3 ’, 
and carbon monoxide, oth 3 'lenc, and tho like 
reduce it to coloured lower oxides. On boiling 
with aqueous h 3 ’drochloric acid a blue solution 
is formed, owing to partial reduction. Molyb- 
denum trioxido has been proposed ns an addition 
to pigments for paints and rubber, but it is 
photosensitive in presence of organic matter 
(becoming yellow and green) its applicability 
thus being limited (Gardner, Sci. Sect. Nat. 
Paint, Var. Assoc. Circ. 1936, No. 513). 

Molybdic Acids. — Two fairl 3 ’' definite molyb- 
dic acids aro known, viz. white HjMoO^, 
deposited in thin prisms by slow evaporation 
of a solution of the trioxido in nitric acid, and 
yellow H 3 M 0 O 5 , which slowl 3 ' deposits from 
nitric acid solutions of ammonium molybdate. 
TIio former is characterised by a lower solubility, 
particularly in warm solutions (of the order of 
0’6 parts per 100 of water at 80°, as against 1-7 
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parts for the yellow acid), but solution probably 
tends to cause a change of constitution, as the 
solubility is greater if the temperature at which 
measurements are made is approached from 
higher temperatures. Many other molybdic 
acids have been described, including some 
gummy materials, which are in many cases 
probably mixtures or colloidal dispersions. 
Molybdate ions tend to pass into polymolybdate 
ions in acid solutions in the same manner as do 
chromates, so that the nature of the pre- 
dominating ion, and the acid or salt which may 
form a solid phase, are determined largely by 
the pH of the solution (Britton and German, 
J.C.S. 1930, 2154). Jander el al. (Z. anorg. 
Chem. 1930, 194, 383) used methods based on 
diffusion coefficients to show that at pH values 
greater than 6-6 the MoOJ' ion is stable; from 
pH 6-5 to 4-5 it is the IVlOjO^i" ion; from pH 
4-5 to 2-9, HMOgOg""; and from pH 2-9 to 1-5, 
The ciystaUine acids and salts 
which have been described fall into a far larger 
range of classes than these, and must perhaps 
be regarded as acid, double, and hydrated salts 
derived from them. 

Molybdates. — The following types of 
molybdate are known (M representing a uni- 
valent metal atom): MjO.MoOj (normal), 
2M20 ,Mo 03 (di-), 5M20,12 Mo 03 or 

3M20,7 Mo 03 (para-), 3M20,Mo03 (tri-), 
4M20 ,Mo 03 (tetra- or meta-molybdates), 
8M20 ,Mo 03, 10M2 O,MoO 3, and 

16M20,Mo03, 

Normal molybdates can be formed only from 
quite alkaline solutions, so that only the alkali 
and alkaline-earth metal compounds can be 
prepared in the wet way ; those of other metals 
can be prepared by fusing requisite quantities of 
the appropriate oxides. The orange-red mineral 
undfenite. consists of normal lead molybdate, and 
this salt is sometimes co-precipitated with lead 
chromate and sulphate to produce lead chrome 
pigments of modified colour (B.P. 369916 ; see 
also Linz, Ind. Eng. Chem. 1939, 31, 298). 
Ordinary commercial ammonitun molybdate con- 
sists of the paramolybdate and is crystallised 
from solutions containing free ammonia. It 
contains about 5-8% of water of crystallisation, 
and forms monochnic prisms. 

Complex Molybdates . — The well-known yellow 
ammonium phosphomolybdate precipitated in a 
nitric acid solution of phosphate by ammonium 
molybdate (used in the estimation of phos- 
phorus) is but a single example of a large class 
of complex salts formed from acids derived from 
molybdic acid and quite a number of other ele- 
ments : phosphorus, arsenic, boron, silicon, tin, 
manganese, vanadium, titanium, and others. 
These heteropolyacids are classified according to 
the number of MoOg groups associated with 
each atom of phosphorus or other complex- 
forming element ; this number usually , lies 
between 6 and 12, of which the two limiting 
values are of most frequent occurrence, par- 
ticularly 12. Many of these acids are strong 
acids, and they and their salts frequently 
exhibit remarkably high solubilities in water 
and in ether. The structures of the 12-molyb- 
dates have been studied by Keggin (J.C.S. 1935, 


675) and are based on octahedral MoOg groups, 
built into rings of three by the sharing of five 
oxygenatoms, withfoursuchrings arranged tetra- 
hedraDy about the central atom (phosphorus or 
the Uke). These large anions leave ample space 
for the appropriate number of relatively small 
cations and for water of crystallisation. Some- 
what similar structures based on molybdenum 
rings are probable for the other complex molyb- 
dates and also for the simple polymolybdates 
mentioned earlier (see also Pauling, J. Amer. 
Chem. Soc. 1929, 51, 2868). 

Ammonium Phosphomolybdate, as precipitated 
in analysis in presence of ammonium nitrate, 
always contains some of that salt, together with 
combined water ; on heating for a while at 180° 
it becomes converted into 

(NH4)3P04,12Mo03, 

in which form it is usually weighed. This com- 
pound should contain 3-782% of P205, but it is 
found in practical analysis that better results 
are obtainable by using the empirical value 
3-763%. On stronger ignition water and am- 
monia are lost and P205,24Mo03 remains. 

Permolybdates. — ^Molybdates in acid solu- 
tion give a strong yellow colour with hydrogen 
peroxide, which cannot be extracted by ether. 
By using strong solutions of normal potassium 
molybdate a red unstable permolybdate, 
KoMoOg, can be crystallised. Polymolybdates 
also react with hydrogen peroxide to form yellow 
per-salts, some of which are remarkably stable. 

“ Molybdenum Blue.” — very ciharacter- 
istic reaction of molybdates is the development 
of a strong blue colour under reducing, acid 
conditions, such as by the action of hydriodic 
acid, sulphur dioxide, hydrogen sulphide, zinc, 
or organic matter in presence of fight. (The 
last is sometimes employed as a photographic 
process, paper soaked in a mm onium molybdate 
being used; fixing is by washing with water, 
but the image fedes in time by oxidation of the 
blue.) The blue product is also formed during 
the oxidation of the lower valency states of 
molybdenum ; it readily forms a colloidal dis- 
persion in water, from which it is coagulated by 
positive colloids. It attaches itself firmly to 
some fibres, notably silk, and is occasionally 
used as a dye. Molybdenum blue was once 
regarded as a molybdenum molybdate, and 
formulse such as Mo„05,Mo03 and 

Mo02,4Mo03,a;H20 

used to represent it ; but present views do not 
go beyond noting that the colour is probably 
associated with the simultaneous presence of 
molybdenum in two states of oxidation, the 
actual proportions of each being left open. 
some cases, other acids may also be present in 
the blue. 

Molybdenum Sulphides. 

The principal sulphide is the disulphide, 
M0S2, which occurs naturally as molybdenite, 
closely resembling graphite in appearance, and 
often cleaving like mica. Y-Eay data reveal a 
typical hexagonal layer-lattice. The disulphide 
has a density between 4-6 and 5-0, and melts at 
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1,185°, dissociating at higher temperatures into 
lower sulphides. It is eonverted on heating in 
the air or by nitric acid into the trioxide, from 
which it may bo regenerated by heating with 
sulphur. Molybdenum disulphide behaves ns n 
semi-conductor of electricity, its resistance fall- 
ing ns the applied c.m.f. is increased. It also 
exhibits a photoelectric effect. In the electric 
arc, molybdenum disulphide loses sulphur and 
has been supposed to form MOoSj in steel grey 
needles, but Montoro (Atti. Accad. Lincoi, 
1929, [vi], 9, 331) showed that the substance 
formed is a mixture of the disulpliidc u-ith 
molybdemim carbide, MoCj, which can bo 
dissolved out by aqua regia. 

Although molybdates arc reduced to colloidal 
molybdenum blue by hydrogen sulphide in acid 
solution, prolonged action of this gas lends to 
the production of a brown insoluble molj'b- ! 
denum trisulpliide, MoSj. This sulphide de- 
composes on heating out of the air into the 
disulphide and sxilpliur, and it is soluble in 
alkali sulphides, forming red thiomolybdates, 
and in polysulpliidcs to form dnrk-colourcd, 
perthiomolybdates. Both the thiomolybdates 
and the perthiomolybdates are cr 3 ’ 8 tallisnblo and 
yield their corresponding acids in the solid 
condition on judicious treatment with dilute 
acid. 

Molybdenum Sulphates. 

Molybdenum' trioxido dissolves in concen- 
trated sulphuric acid, but the only definite com- 
pound which can bo isolated is M 0 O 2 SO 4 , the 
structure of which is discussed b}' Micholls, 
Sffinger and Wardlaw (J.C.S. 1931, 1444). 
Sulphates of quinquovalcnt molybdenum are 
represented only by the two brown double salts, 
4 (C 6 H 6 N) 2 S 04 , 6 (IVIo 02 ) 2 S 04 , 16 H „0 and 
(NH 4 ) 2 S 04 ,(IV 1 o 02 ) 2 S 04 , 2 HjO, reported by 
the above workers. In the lower (tcrvalcnt) 
state of oxidation, a clearly defined oxysulphate, 
MOgO ( 804 ) 2 , 5 (or 6 )H 20 , was isolated by 
electrolytic reduction of a solution of the trioxido 
in sulphuric acid until it had become vivid 
green in colour, concentrating in vacuo, and 
precipitating with acetone (Wardlaw, Nicholls, 
and Sylvester, J.C.S. 1924, 125, 1910). Double 
sumhates with ammonium, potassium, and 
rubidium have <also been prepared. This oxy- 
sulphate is, however, not a . true sulphate, 
because its aqueous solution gives no precipitate 
wth barium chloride solution except after 
boiling ; but it exhibits strong reducing 
properties. 

Molybdenum Selenides. 

Hydrogen selenide precipitates the selenido 
mOgSeg from acid solutions of molybdates; 
ivloSea is formed by heating the trioxido wth 
selenium; M 02863 is formed by the latter 
reaction in presence of alkali carbonate. By 
passing hydrogen selenido through strongly 
solutions of molybdates, red potassium 
ammonium seleno- 
produccd. All the selenium 
■n formed in the wet way are decom- 

posea by oxygen, which must be excluded when 
they are being handled. 


JIOLYBDENUJI FlUORIDES. 

Molybdenum and fluorine react at G0-70° to 
form MoFj, a white, volatile, crystalline sub- 
stance, m.p. 17'6°, b.p. 35°, hydrol 3 'scd bj' water 
to give a blue product. Such lower fluorides as 
have been reported appear doubtful. 

JIOLYBDENUJJ CHLORIDES. 

Tlic following chlorides have been described ; 
MoClj, M0CI4, MoClj, and (MoCUjs. The 
penlachlorideforms in greenish-black crystals, 
m.p. 194°, b.p. 2CS°, on heating tho metal at 
dull redness in chlorine. Tho vapour is dark 
red, and tho substance forms dark-rod solutions 
in inert organic solvents such as benzene and 
carbon tetrachloride. It combines wdth drj’ 
ether forming a compound which decomposes 
at 80° to give cth}’! chloride. Molj’bdenum 
pcntachloride reacts with hj'droxj’lic substances 
in the same manner ns phosphorus pcntachloride, 
M0OCI3 being formed in tho first instance. 
With alcohol tho reaction stops at this point, 
but with water further hydrolj'sis occurs, fol- 
lowed bj- self oxidation and reduction to the 
trioxido and tho tetrachloride. 

Tho tetrachloride, M0CI4, is formed ns a 
vapour when tho trichloride is decomposed by 
heat, and is deposited ns a brown powder. It 
decomposes casilj* into tho pentnchlorido and 
trichloride, and reacts violcntlj’ with water, 
giving a brown solution. 

The trichloride is formed on passing tho 
vapour of the pcntachloride, diluted with carbon 
dioxide or hj'drogcn, through a modomtelj' 
heated tube, in which it is deposited ns a reddLsh 
powder. It is insoluble in cokl ^vator, but reacts 
with boiling water ; liydrochloric acid is without 
action, but suljjhuric acid di.s.solvcs it to a blue 
solution whicli becomes green on heating. In 
addition to this insoluble nnhj'drous comijound, 
a red, soluble trihydrato has been prepared bj' 
reducing a hj’drocliloric acid solution of mol 3 ’b- 
denum trioxido in an clectrol 3 'tic coll until it 
was red in colour, evaporating in vacuo, and 
extracting with nnh 3 'drous ether saturated 
u-ith h 3 "drogon chloride. This hydrate is 
cxtrcmoly h 3 ’groscopic, and is vor 3 ’ soluble in 
water, absolute alcohol, or acetone, giving 
intensely red solutions with strong reducing 
properties. Alltnlis precipitate a black hydr- 
oxide, soluble in acids. If potassium chloride 
is added to a solution of this chloride, pale red 
crystals of K 3 MoCl 5 ,HoO separate on warming 
(Wardlaw and Wormell," J.C.S. 1927, 1087). 

Molybdenum Dlchloride — or rather its 
trimer, MOgClj — ^is formed on heating tho tri- 
chloride, preferably out of tho air, and is distinct 
from all tho other chlorides on accoimt of its 
non-volatility. It forms a yellow powder in- 
soluble in and imaltorcd by water, but soluble 
in alcohol and other, in wliich its molecular 
weight corresponds with tho triple formula given 
above. Tho salt dissolves in strong h 3 'dro- 
chloric acid, and from tho solution tho hydrates 
Mo3C1o, 3H20 and M 03 Clg,HCI, 4 H 2 O can 
be crystallised. Molybdenum dicliloride is un- 
doubtedly not a simple chloride, but behaves 
as tho chloridoof the complex [MO3CI4]" ; thus 
sulphuric acid expels only two chlorine atoms as 
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hydrochloric acid ; an alcoholic solution of this 
chloride reacts with alcoholic silver nitrate solu- 
tion to form the nitrate, (M03Cl4)(NO3)2,EtOH 
(the only known nitrate of molybdenum), while 
from a solution of the dichloride in alkali, acetic 
acid precipitates the corresponding hydroxide, 
{M03Cl4){OH)2,2H2O, which forms salts -vnth 
strong acids, and also shows feebly acidic 
properties. The configuration of these com- 
pounds has been discussed by Lindner (Ber. 
1922, 55 [B], 1458). 

Molybdenum Bbomides. 

The bromides IVl03Brg, MoBr3, and MoBr4 
are known, and are quite analogous to the corre- 
sponding chlorides. The pentabromide is only 
Imown in the form of complexes. 

Molybdenum Iodides. 

Brown Molg (probably trimeric) has been 
prepared from molybdenum pentachloride and 
hydrogen iodide. It is stable up to 400° in 
mcuo, but is oxidised in air or chlorine at 200°. 
Many mixed halides have been reported. 

Molybdenum Oxy- and Hydboxy-halides. 

Molybdenyl Fluoride, MoOF,3JH20, or 
perhaps a tetrahydrate, is obtained as an in- 
soluble, buff-coloured precipitate by treating 
the corresponding chloride (see below) with am- 
monium fluoride (Wardlaw and Wormell, he.). 
The fluoride M0OF3 has not been isolated, but 
numerous salts of the types 5MF,3MoOF3 and 
2 MF,MoOF 3 have been crystallised from solu- 
tions of molybdenum dioxide in hydrofluoric 
acid to which ammonia or a metal hydroxide 
has been added. IVI0OF4 is formed from 
anhydrous hydrogen fluoride and the corre- 
sponding chloride, and consists of white crystals, 
m.p. 97°, b.p. 180°, which dissolf^e with a hissing 
sound in water or alcohol, becoming hydrolysed 
to I\/Io 02F2. This compound can also be 
formed from molybdenum trioxide and hydro- 
fluoric acid ; it forms white crystals, subliming 
at 266-270°, which are hygroscopic, soluble in 
water and methyl and ethyl alcohols, but 
sparingly so in ether, chloroform, or carbon 
tetrachloride. Derivatives of the last two oxy- 
fluorides — fluomolybdates — of various com- 
positions up to MMoOFg have been prepared 
by the action of hydrofluoric acid on molyb- 
dates. 

Molybdenyl Chloride, MoOCl,4H20, is of 
interest in that it occurs in two isomeric forms, 
red and green. Both are produced by elec- 
trolytic reduction of Solutions of molybdenum 
trioxide in hydrochloric acid, the particular 
form produced depending on the concentration 
of free acid. At the conclusion of the reduction, 
the solution is concentrated in vacuo, and excess 
of acetone added to precipitate the salt. Ward- 
law and collaborators regard these two modifi- 
cations as CIS- and fraws-arrangements of the six 
co-ordinate linkages, the green form being the 
fruTis-isomer. Other molybdenyl salts (i.e., salts 
containing the radical MoO) can be prepared 
by double decomposition from this chloride; 
air must be carefully excluded, as oxidation 
occurs very easily. In solution in water without 
free acid these salts are slowly hydrolysed. In 


presence of potassium chloride the bright yellow 
KMoOCl2,3H20 can be prepared (Wardlaw 
et al., J.C.S. 1927, 130, 612). As in the case of 
the fluorides, the quinquevalent oxychloride 
M0OCI3 is unknown, but double salts such as 
2NH4CI,MoOCl3 can be crystallised from the 
solution obtained by reducing solutions of the 
trioxide in hydrochloric acid in presence of 
ammonium chloride (James and Wardlaw, 
ibid. 1927, 2145). The hydrolysis product, 
Mo 204(OH)CI, can be precipitated from 
similar reduction products in the absence of 
ammonium chloride, by precipitating with 
acetone after concentration in vacuo. 

The chloride M0O2CI2 of molybdic acid may 
be formed by the chlorination of the dioxide, 
by heating a mixture of the trioxide and carbon 
in chlorine, or by judicious oxidation of the 
pentachloride with oxygen. It sublimes easily 
without melting, forming thin tetragonal plates ; 
it is readily Boluble, with hydrolysis, in water. 
On heating out of the air this oxychloride is said 
to pass into violet or dark red needles of 
M 0305013. Molybdenum trioxide also unites 
readily with hydrogen chloride to form the 
hydroxy-oxychloride, MoO(OH)2Cl2, which 
is readily volatile and forms white ciystals. 
This substance is hydrolysed by water, but 
apparently exists to some extent in solutions of 
the trioxide in concentrated hydrochloric acid, 
as it can be extracted from such solutions by 
shaking with ether, in which it is remarkably 
soluble. A paste of this substance with con- 
centrated hydrochloric acid solidifies on warm- 
ing to a mass of pale green prisms or plates, 
believed to be Mo(OH)Cl3,7H30. The hydr- 
oxy-derivative of the dichloride, 

Mo3Cl4(OH)2,2HaO, 

has already been discussed in connection with 
that chloride. Bromine compounds analogous 
to most of the foregoing chlorine compounds are 
known. 

Molybdenum Nitbides. 

Three nitrides have been reported by Hkgg 
(Z. physikal. Chem. 1930, B, 7, 339) ; they are 
formed by heating the metal in an atmosphere 
of ammonia. The compounds MoN and 
M02N are stable at ordinary temperatures, and 
the third, probably MogNg, exists only above 
600°. 

Phosphobus Compounds of Molybdenum. 

Molybdenum Phosphide, probably MoPj, 
is formed on heating a mixture of the trioxide, 
metaphosphoric acid, and carbon to a high 
temperature. 

Molybdenum Phosphates. — Wardlaw and 
his collaborators prepared an insoluble molyb- 
denyl phosphate from the chloride MoO Cl by 
double decomposition; in its higher states of 
oxidation molybdenum forms the complex 
phosphomolybdates only, mentioned in con- 
nection with molybdic acid. 

Compounds of Molybdenum with Silicon and 
Cabbon. 

A silicide, MoSij, is formed in tetragonal 
crystals in the electric furnace by direct com- 
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bination; the only silicates are the complc.K 
silicomolybdates. Ihvo highly refractory car- 
bides, MoC and MojC, are produced by direct 
combination at electric-arc temperatures ; they 
are very hard and inert, but can be attacked b}’ 
fusion with oxidising agents. A^ carbonyl, 
Mo (CO) 6 , is formed from finely dLddcd, freshl3' 
reduced metal and carbon monoxide at high 
pressure (200° at 250 atm.), but an_ easier pro- 
cedure is to conduct carbon monoxide through 
the product of reaction between molj’bdcnuni 
pentachloride and a Grignard reagent. This 
carbonyl is a white crystalline solid (rhombic), 
subliming easilj' between 30° and 40° and un- 
affected by air. It is fairlj’’ inert, except to- 
wards oxidising agents. Carbonates of raol^'b- 
denum are not known. _ i 

Cyanogen Compounds. — Quadri- and quin- 
que-valent molybdenum form a series of 
molybdo- and molybdi-c5'anides which bear 
considerable resemblance to the ferro- and ferri- 
cyanides, although the molybdenum atom co- 
ordinates eight cyanogen groups. Potassium 
molybdocyanide, K4[Mo(CN)8],2H20, ma5' bo 
prepared by the action of reducing agents {c.g., 
hydrogen sulphide) on a solution of potassium 
molybdate and potassium cjmnidc, and forms 
yellow orthorhombic crystals. Partial h3'drolj‘si3 
occurs in alkaline solutions of this salt, from 
which the red salt K4[Mo(OH)4(CN)4l,6H20 
can be cr3’stallised. Further h3'drolvsis gives 
K3 [Mo(CN) 4(OH),] and K2[Mo(CN)4(OH)jl 
(blue), of which the latter is converted b3' dilute 
acid into the basic C3'anidc Mo(CN)2(OH)2. 
Oxidation of mol3'bdocyanidcs by potassium 
permanganate and similar reagents 3ncld8 
molybdicyanides, c.g., K3[Mo(CN)8]. Double 
(or more complex) C3’amdes of tervalcnt mol3'b- 
denum are also Icnown. 

Compounds of JIolybdenum and Boron. 

The boride, IVIO3B4, is said to bo formed from 
the elements in the electric furnace, but doubt 
exists as to its exact composition. It has been 
reported to be extremely hard and chemically 
inert. The only borates appear to bo the 
complexes with molybdic acid. 

G. H. C. 

MOLYBDENUM, ANALYTICAL 
CHEMISTRY OF. Qualitative.— In the 
comse of systematic qualitative anal3'8is, 
molybdenum is precipitated from acid solutions 
by hy^ogen sulphide, and its sulphide is soluble 
in sodium or ammonium sulphide solution along 
with those of arsenic, antimony, and tin. The 
mixed sulphides precipitated by acidification of 
the solution are dissolved in aqjia regia, and tho 
residting solution, after addition of excess of 
ferric chloride, precipitated with ammonia. The 
filtrate contains ammonium molybdate, which 
is identified as follows : 

_ (a) On acidification with acetic acid the solu- 
tion gives an orange to yellow coloration with 
tannin solution, due to the red molybdenum 
complex, which can be flocculated by 
addition of a large excess of ammonium chloride 
to the hot solution. 

(6) The hot molybdate solution gives with 
lead acetate a white to cream-coloured precipi- 

VOL. Yin.— 16 


tate of lead raol3'bdnte, which, after filtration, 
may bo identified ns such b3’ heating ^yith n few 
drops of strong sulphinic acid until this is 
almost complcto!3’’ volatilised ; on cooling, the 
liquid turns deep blue. Powdered mol3'bdcnum 
minerals give the same reaction when heated 
uith sulphuric acid. 

(c) Tho solution of ammonium molybdate, 
when treated with nitric acid, ammonium 
nitrate, and a few drops of phosphate solution, 
3'ield3 tho characteristic 3'ellow cr3'stallino preci- 
pitate of ammonium phosphomoli’bdnto. 

Alkalino solutions obtained after fusion of 
minerals, etc., with alkalino oxidising fluxes 
may contain molybdate, possibly with tungstate, 
vanadate, phosphate, arsenate, etc. Jlolv'b- 
denum is recovered b3’ addition of sodium tar- 
trate and siilpliidc, and acidification of tho hot 
solution. Tho sulphide precipitate is dissolved 
in aqua regia and the molybdate sohition tested 
ns described above. 

Tho most sensitive test for tnolyhclcmim (in tho 
form of mol3-bdnto) consists in ncidif3-ing tho 
solution with a mineral acid and adding potas- 
sium cth3'l xnnthnte. In presence of O-OOOG mg. 
per ml. or more of mol3'bdemim, a plum-red 
coloration is formed, and this can bo c.xtracted 
with an organic solvent {c.g., ether C5 and light 
petroleum 35%). For this and other tests, see 
W. R. Schoeller and A. R. Powell, “Tho 
Annl3’sis of Minerals and Ores of tho Rarer 
Elements,” 2nd ed., Ijondon, 1910, p. 200, 

Quantitative : Separation , — ^5rol3’bdcnum 
may bo separated ns sulphide from all metals 
not precipitated b3' h3’drogon sulphide from neid 
solutions. If tho amount of molybdenum to bo 
precipitated exceeds a few centigrams, its 
precipitation may bo incomplete owing to re- 
duction, .the solution turning light blue. In 
such a case tho precipitate should bo filtered 
off, tho Cltrato boiled free from h3‘drogcn sul- 
phide, oxidised b3' boiling with persulphate, 
and tho treatment with h3’drogen aulphido 
repeated. Precipitation with hydrogen sulphide 
under pressure is ineffective, and is not recom- 
mended. 

Tho separation from tungsten and vanadium 
is effected b3’^ precipitation of mol3’bdcnum ns 
sulphide from a solution containing sufiiciont 
tartaric acid to prevent co-precipitation of tho 
two elements. Tungstic acid precipitated b3' 
the usual acid treatment occludes mol3’bdonum ; 
it shoidd bo dissolved in ammoniacal tartrate 
solution, and tho liquid tested with hydrogen 
sulphide after acidification. Tho quantitative 
separation of arsenic is effected b3' distillation. 
Small amounts of vanadium, as well as arsenic, 
antimony, tin, hismuth, and phosphorus, can 
be eliminated from molybdate solutions by 
precipitation on ferric hydroxide ; iron and 
copper may be jjrecipitated ns hydroxides by 
means of caustic soda, and calcium by sodium 
carbonate. All these separation processes, ns 
well as tho gravimetric and volumetric methods 
given below, are fully described by W. F. 
Hillobrand and G. E. F. Lundell, “ Applied In- 
organic Analysis,” New York, 1929, pp. 24G- 
25G, and by W. R. Schoeller and A. R. Powell 
(op. cit.). 

Determination. Qravimetric. — Tho most re- 
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liable and convenient method for the gravi- 
metric determination of molybdenum consists 
in its precipitation as lead molybdate, which 
should always be applied in preference to 
ignition of molybdenum sulphide to the trioxide. 
The latter operation must be conducted with 
care at a temperature not greatly exceeding 
600°o. to avoid volatilisation losses. Precipita- 
tion as lead molybdate also separates molyb- 
denum from the bivalent metals copper, cobalt, 
nickel, manganese, zinc, and magnesium. 

Volumetric. — ^For the volumetric determina- 
tion, Hihebrand and LundeU {op. cit.) recom- 
mend, as a reliable method, the reduction of the 
molybdate solution to the sesquioxide state 
in a Jones reductor, collection of the reduced 
solution in one of ferric sulphate, and titration 
of the reduced iron. 

For colorimetric determination, see CnEMiaAL 
Analysis, Vol. Jl, 672; Elder, Analyst, 1943, 
68, 14. 

W. R. S. and D. A. L. 

MOLYBDENUM MINERALS, Al- 
though several molybdenum minerals are known, 
the only one of commercial importance is the 
sulphide, molybdenite, MoSg, which provides 
practically all the world’s supply of molyb- 
denum. The orange-yeUow lead molybdate, 
wulfenite, PbMoO^, which is occasionally found 
in the oxidised parts of certain lead-molyb- 
denum veins, was formerly the main somce of 
molybdenum, but is now obtained only in 
relatively small amounts from the Mammoth 
mines in Arizona. From molybdenite the 
hydrous ferric molybdate, molybdic-ochre, is 
formed by surface alteration; it may serve 
rarely as a minor contributory source of 
molybdenum. 

The world production of molybdenum in 1940 
is estimated at approximately 16,000 tons, of 
which the United States yielded 92%, Norway 
and Mexico about 2% each, and Peru 1%. In 
the decade prior to 1940 the molybdenite-bear- 
ing quartz veins at CUmax, Colorado, provided 
more than 80% of the entire world output of 
molybdenum. Since 1940, however, about 30% 
of the molybdenum produced in the United 
States has been derived as a by-product from 
the treatment of copper ores in Utah and New 
Mexico. By-product molybdenite is also being 
concentrated from the copper ores of Kounrad 
in Soviet Asia, of Braden in Chile, and elsewhere. 

For a brief statement on the uses of molyb- 
denum, and selected references to the Uterature, 
see Molybdenum (this Vol., p. 220a). 

D. W. 

MOLYBDITE or MOLYBDIC-OCHRE. 

This mineral, formerly considered to be molyb- 
denum trioxide, MoOg, is really a hydrated 
ferric molybdate, Fe 203 , 3 Mo 03 , 7 ^H 20 . On 
account of its iron content the mineral is often 
referred to as ferrimolybdate. It occurs sparingly 
as yellowish powdery encrustations or fibrous 
tufts formed by the oxidation of molybdenite, 
and in exceptional cases it is a minor con- 
tributory source of molybdenum in the upper 
parts of molybdenite deposits. The existence 
of molybdio oxide as a natural mineral has not 
been established. 

D. W. 


MOMENTS, ELECTRIC DIPOLE. The 

electric dipole moment of a substance is a measure 
of its electrical asymmetry. Since electrical 
asymmetry and structural asymmetry are often 
related, measurements of this quantity have been 
extensively used to elucidate problems of stereo- 
chemistry. The quantity is a characteristic of 
a substance and may have very different values 
for substances which in other properties are very 
similar. It therefore has possible uses in analysis 
or for following the course of reactions. 

The electric dipole moment is a very important 
physical concept in the theory of dielectrics, 
not only of the dielectric constant but also of 
dielectric loss — ^subjects of great industrial 
importance. 

Theoey. 

In a uniform field, since aU the forces on the 
negative charges associated with a molecule are 
parallel, it may be said that these charges have 
a negative centroid (like a centre of gravity). 
There is similarly a positive centroid. The 
forces acting through these centroids must be 
opposed and, if the molecule as a whole is 
electrically neutral, they must be equal, i.e., 
the molecule as a whole is subjected to a couple 
which is determined by the field strength, by 
the orientation of the molecule in the field, and 
by the product of total charge {i.e., the sum of 
the atomic numbers) and the distance between 
the centroids, 1. This product, p, is a moment ; 
it is called the electric dipole moment of the mole- 
cule. It may readily be seen that whUe mole- 
cules in general have non-zero moments, it is 
possible that in some of high symmetry the 
centroids will coincide and the moment be zero. 
The moment is defined not only by its magni- 
tude, i.e., the product of the charge at one 
centroid and the distance between the centroids, 
but by the direction of the line joining the 
centroids ; it is, therefore, a vector. If the 
molecule has an axis of symmetry, the vector 
must lie along the axis ; a molec^e with more 
than one such axis must therefore be non-polar. 
Similarly, if it has a plane of symmetry, the 
vector must lie in the plane; a molecule with 
three such planes, or with an axis of symmetry 
perpendicular to a plane, is therefore non-polar. 
These rules cover many, but not all, the cases of 
non-polarity. 

Since the moment of the whole molecule is a 
vector, it may be regarded as the vector sum of 
moments characteristic of individual bonds or of 
groups. This is a very useful conception. The 
final decision as to whether or not a molecule 
should be non-polar is reached by compoimding 
these group or bond moments and seeing whether 
the resultant vanishes. Sometimes, as in the 
case of the higher paraffins, a molecide which has 
no spatial symmetry and which contains bonds 
which are probably polar, nevertheless proves to 
be non-polar as a whole. 

The vector character of bonds may be illus- 
trated by the dipole moments of a number of 
chlorine derivatives of hydrocarbons, shown in 
Table I. 

The values are expressed in Debye imits {see 
hdow). These values agree qualitatively, though 
not quantitatively, with the predictions based 
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on the vector picture. Thus, while only irans- 
dichloroethylene, p-dichlorohenzene, and carbon 
tetrachloride are non-poiar, the moments of 
methyl chloride and chloroform are not equal. 


Table I. 
Substance. 

(Vinyl chloride 

cis-Dlchloroethylene . . . 
trans- „ ... 

(Chlorobenzene 

o-Dichlorobenzene .... 

m- „ .... 

P- „ .... 

Methyl chloride 

Methylene dlchlorlde 

Chloroform 

Carbon tetrachloride. . . . 


/z In n. 
1-44) 
1-74 
0 

1- 50) 

2- 33 
1-48 
0 

1-80 

1-69 

1-48 

0 


simple molecules containing only one markedly 
polar bond or group, it is possible to obtain 
component moments of these bonds or groups ; 
but from the foregoing it will be reah'sed tliat 
such values are only of limited usefulness. "RTicn 
the polar groups arc more than 3 A. apart they 
have little direct inductive eflect on each other ; 
therefore some p-disubstitutod benzene com- 
pounds show good additivity (see Table U). 

Table II. 

Values of Dipole Moments in D. 

Toluene 0-4. Chlorobenzene 1-60. Kltrobcnzenc 3-95. 

p-Chlorotolueno .... 1-95 fl-OG) 
j)-Nitrotolucno .... 4-44 (4-35) 
jj-C^loronltrobenzono . . . 2-57 (2-39) 


nor are those of chlorobenzene and m-dichloro- 
benzene, and the moment of o-dichlorobenzone 
is not Vs times that of chlorobenzene (2-70). 
These deviations are due to alteration of each 
dipole by the field of the other, i.e., by induction. 

By resolving the resultant moment for a mole- 
cule of known geometry, or by considering 


The values in parentheses are those calculated 
by simple scalar algebraic addition, on the sup- 
position that the nitro-group and chlorine atom 
have the negative poles of their dipoles awa}’ 
from the benzene ring, while the methyl group 
has the positive polo farther from the ring (sec 
below). It is clear that, provided there is some 



means whereby the direction of the dipole of 
one group can be determined absolutely, the 
direction of others may be determined by this 
method of measuring the moment of the 
appropriate p-disubstituted compound and 
seeing whether the value is nearer the arith- 
metical sum or difference of the component 
moments. The nitro-group can be taken ns an 
absolute basis, because the co-ordinate link from 
nitrogen to oxygen which it contains 



must certainly confer a negative charge on the 
oxygen end of the group, i.e., the end further 
from the aryl group. 

Although direct inductive effects arc very 
small in p-disubstituted benzene compounds, 
marked departures from additivity are some- 
times found which are not explicable except on 
the basis of valency changes arising because of 
the conjugated nature of the bond system. Thus 
p-nitroaniline has a moment of 6-10 d., which is 
0-62 D. greater than the highest possible theo- 
retical value of 5-48 d., the arithmetical sum of 
the moments of nitrobenzene and aniline. The 
existence of the inductive and the conjugation 
effects complicates the use of electric dipole 
moments for precise investigations of geo- 
metrical structure, but, on the other hand, they 
make it possible to use the measurements to 
detect certain kinds of valency change, 

Measubement. 

The electric dipole moment of a molecule is 
determined from measurements of the dielectric 
constant of the vapour of the substance or of its 
dilute solutions in non-polar solvents such as 
benzene, carbon tetrachloride, n-hexane, cydo- 
hexane, or l:4-dioxan. The dielectric constant 


is a function of the dipole moment because tho 
polar molcoulcs orient in tho electric field be- 
tween tho plates of a condenser, under tho action 
of tho couple (fide supra), and so change tho 
cffccti %'0 charges on the plates. For a gas or 
vapour tho relation between tho dipole moment, 
ft, and tho macroscopic properties is given by 
the equation : 

{(e-l)j(e+2)}[Mlp) 

=47rA'{a-l-(p'-/3/«T}/3=P ... (1) 

w'hcro e is tho dielectric constant, ilf the mole- 
cular weight, p tho density, N tho Avogadro 
number, k the Boltzmann constant, and T tho 
absolute tomporaturo. a is a mcasuro of tho 
ease with which tho molecule may bo deformed 
electrically in tho field, and P is termed tho 
molecular polarisahilily — it has tho dimensions 
of volume and is expressed in c.c. 

Putting 

P=[ll]+AIT .... (2) 

where [Jf]=4TriVa/3 and is tho molecular refrac- 
tivity (see below), and A=inIdp.-jQk, bj" 
measuring P at a series of temperatures and 
plotting tho i-osults against 1/P, p, can bo deter- 
mined from tho slope of tho linear graph thus 
obtained. 

For a mixture of gases containing mol. frac- 
tions ajj and of two components having 
moments p-y and p^ and moloo^ar weights My 
and ilf 2 ) the relation is : 

{(e~l){€+2)}{{MyXy+M^x^)lp} 

. . (3) 

where ■Pi=47riV{ai-b(p“/3fcP)}/3 

and P2=47riV{a2-l-(;z|/3fcP)}/3. 

It wiU be noticed that the effect on tho di- 
electric constant c of tho mixture is a fimction 
of the square of tho dipole moment. A small 
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proportion of a component -with a large dipole 
moment ■would therefore have a marked effect 

upon Pi, 2 - 

Eor a mixture of liquids the same relation 
holds within limits. It is true if both com- 
ponents are non-polar or if one is non-polar 
(component 1) and one (component 2) weakly- 
polar (p>l-5 D.) : when the second component 
is more polar it is assumed to be true only in 
the limit -(vhen X 2 0. Therefore the common 
practice is to evaluate at infinite dilution. 
This may be done either by assuming that Pj is 
the same when is small, as for pure component 
1 (when a: 2 = 0 ), or by drawing the tangent at 
a; 2=0 to the curve of Pj.j against X 2 , which 
procedure, since dPi, 2 /da; 2 =p 2 — P^^ gives Pg 
if Pi is known in the limit -> 0. The molecular 
polarisation, and therefore the dipole moment, 
which is found to apply in solution for a polar 
component is, however, usually different from 
that found for the same substance in the vapour 
phase. This solvent effect is a complicated 
function of the dielectric constant of the solvent 
and of the shapes of the solvent and solute 
molecules ; one solvent does not have the same 
effect upon the moments of all solutes. Further- 
more, the solvent effect varies with temperatme 
because of its dependence on the dielectric con- 
stant of the solvent ; it is not possible, therefore, 
to obtain a moment in solution from the tem- 
perature variation of the molecular polarisa- 
bility. There is, however, a quite different 
method which has been very extensively applied 
to solution measurements. 

As was mentioned previously, the quantity 
4n-iVa/3, or [P], is the molecvdar refractmty. 
At the very high frequency of the alternating 
electric field accompanying a visible light wave 
the dipoles cannot orient ; the molecular 
polarisability at these frequencies would there- 
fore contain no dipole term. In practice it is 
impossible to measure dielectric constants at 
such high frequencies, but Maxwell showed that 
if this quantity and the refractive index, «, 
could be measured at the same field frequency, 
then n^=£, and the equation may be written 

[P]=4,riVa/3={(«2-l)/(n2-h2)}(M/p) . (4) 

whence [P] is called the molecular refractivity. 

Hence, by measuring the dielectric constant 
in fields of relatively low frequency (10'^ or less), 
the refractive index for -visible light (usually the 
sodium doublet or the mercmy green line), and 
the density, all at a known temperature, the 
moment may be evaluated from equation (2) 
rearranged thus : 

A/P=P-[P] 

the dielectric constant giving P and the refrac- 
tive index [P]. 

For a solution of a polar solute in a non-polar 
solvent the folio-wing relation corresponds to 
equation (3) : 

{(n^-l)l{n^+2)}{{M^Xi+M2X2)lp} 

—\Pi\xy\-\S^X2=\Pi,^ . . . (5) 

therefore [P 2 ], the molecular refractivity of the 
solute, can readily be obtained from the refrae- 
ti-vities of solution and pure solvent. The 
method can therefore be applied very readily to 


the determination of dipole moments in solu- 
tion. 

These methods, especially the second, are 
those which have been used for nearly all 
measurements of moments; there are others 
but they are of little practical importance. The 
methods described give practically identical 
results when applied to gases or vapours ; both 
give values affected by the solvent when applied 
to solutions, but whereas the value from the 
“ refractivity ” method is to be regarded as a 
normal moment -with a solvent-effect moment 
superimposed, the value from the “ tempera- 
ture ” method is doubly complicated, owing to 
the variation of the solvent effect -with tempera- 
ture, and therefore is of no praetical significance. 

Electric dipole moments are expressed in 
Debye units (represented n.) ; 1 n. is equivalent 
to C.6.S. unit, being the product of a 

distance of 1 Angstrom imit (10~® cm.) and an 
electric charge of 10"^® of an electrostatic unit. 

Results anb Industrial Applications. 

The electric dipole moments of a considerable 
number of substances, organic and inorganic, 
have been measured in the vapour phase ; the 
number measm-ed in solution is weU over one- 
thousand and includes most of the commoner 
inorganic and organic substances which are 
fairly soluble in the non-polar solvents listed in 
the previous seetion. These data are available 
in the folio-wing compilations : 

Transactions of the Faraday Society, 1934» 
Appendix, “ A Table of Dipole Moments.” 

Tables Annuelles de Constantes et Doundes 
Numdriques, “ Constantes Didlectriques, 
Moments ^lectriques,” Paris, 1937. 

Landolt-Bomstein, “ Physikalisch-Chemische 
TabeUen,” Berlin, 5te Auflage ; 2te Ergan- 
zungsband (i) (1931), pp. 74^86 ; 2to Egb. 
(ii) (1931), pp. 969-1016; 3te Egb. (i) 
(1936), pp. 117-152. 

The applications to chemical problems have 
been discussed in the following monographs ; 

P. Debye, “Polar Molecules,” New York, 1929. 

Idem, “ The Dipole Moment and Chemical 
Structure,” London, 1931. 

C. P. Smyth, “ Dielectric Constant and Mole- 
cular Structure,” New York, 1931. 

J. H. Van \Teck, “ Electric and Magnetic 
Susceptibilities,” Oxford, 1932. 

N. V. Sidgwick, “ The Covalent Link in 
Chemistry,” New York, 1933. 

B. J. W. Le Fd-vre, “ Dipole Moments,” 
London, 1938. 

There are also articles in such recent advanced 
text-books as S. Glasstone, “ Text Book of 
Physical Chemistry,” London, 1940. Review 
articles have appeared in the Annual Reports 
of the Chemical Society for 1931, 1935, 1936, 
and 1940 ; and in Chemical Reviews for 1936, 
19, 1939, 25, and 1942, 30. 

The Faraday Society held a Discussion 
reported in Trans. Faraday Soo. 1934, 30, 677 
et seq. 

The measurements can be of great value when 
problems of molecular structure arise. Alter- 
native structures which differ in symmetry can 
often be readily distinguished, e.g., trans struc- 
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tiires may be distinguished from cis, or para di- 
substituted benzene compounds from ortho or 
mda, provided that the possibilities of rotation 
of groups about single bonds, which may produce 
great changes in symmetry, do not cause compli- 
cations. Examples of compounds the structures 
of which have been thus studied are ethylene 
derivatives, oximes, and diazocyanides. For 
such applications it is immaterial that measure- 
ments in solution do not give a true value of the 
moment. The apparent moment of a polar 
group forming part of a molecule is reasonably 
constant in one solvent at a definite temperature, 
and if it is knoivn in a given environment this is 
all that is necessary for solving problems the 
essence of which is the orientation of ono such 
group relative to another. IMoro elaborate appli- 
cations to problems of geometrical arrangement 
of structures are possible and are discussed in the 
works cited. 

Electric dipole moments could bo employed 
in the identification of compounds, prcfcrablj^ 
when the choice of possibilities lies between a few 
compounds differing considerably in moment. 
The values for most compounds are between 1 
and 4 d., and the usual accuracy of determina- 
tion is not better than iO'Ol D. : the moment 
alone is not, therefore, lilcely to he an adequate 
means of identification, but it can be a useful 
adjunct. 

• As a means of establishing purity the dipole 
moment could be very useful in particidar cases 
where the compound proper is non-polar or has 
only a small moment, say not greater than 1-5 
but the possible impurities are highly polar. 
This is because of the fact, previously remarked 
upon, that the effect on the polarisation of the 
mixture is a function of the squares of the 
moments of the components [equation (3)]. 

The dipole moment can bo used for following 
the course of a simple reaction, as was done for 
example in the case of the conversion of the cis- 
to the tra?rs-diazocyanides (Lo Ffevro and Vine, 
J.C.S. 1938, 431) or for analysing the equilibrium 
mixtOTe of two simple substances, ono polar 
and the other non-polar, as u'as done for cis~ 
and iraws-azobenzenes (Hartley and Lo F6vtc, 
iUd. 1939, 631). 

Since the molecidar polarisation of a mixture 
is a weighted mean of those of the constituents, 
it is clear that from one measurement on a mix- 
ture it is possible only to determine the propor- 
tions of two substances of kno^vn moment; if 
there are more than two substances, one of them 
must somehow be removed and another measure- 
ment then made. 

A very_ important use of electric dipolo 
moments in pure chemistry has been in eluci- 
dating fundamental questions of electronic 
structure and of reactivity; this may not bo 
directly applicable to technical processes, but 
anything which advances the general under- 
standing of a subject is of indirect value in 
industrial problems. The matter is discussed 
in the later of the works cited. 

Since dipole moments have to be evaluated by 
calculations involving the density as weU as the 
dielectric constant and refractive index, deter- 
minations cannot be made instantaneously; 
but in suitable circumstances, e.g., in controlling ] 


the composition of a binary liquid mi.xturo, the 
dielectric constant alone can be employed. It 
can give an instantaneous and continuous indi- 
cation of composition; and provision could 
readily bo made for an audible or visible warning 
to bo given if the composition deviated from a 
pre-determined standard. The same property 
could be used to control any ono of the three 
variables composition, pressure, or temperaturo 
of a gas stream when the other two arc constant. 

ff a hetcrodjmo apparatus were cmploj'cd (see 
monographs cited above) the presence of a polar 
impurity in a gas stream could bo detected by 
passing the stream through the condenser of ono 
oscillator and then, after passage through an 
absorbent, through the condenser of the other 
oscillator. 

Such applications have been discussed by 
various authors (Chretien and Laurent, Compt. 
rend. 1932, 195 , 792 ; Hcnriqiicz, Roc. trav. chira. 
1935, 54 , 327; Henriquez and Van dor Hulst, 
Chem. AVcekblad, 1935, 32 , 35; Ebert, Angew. 
Chem. 1934, 47 , 305; Tausz and Rurnm, 
KoUoid-Beih. 1933, 39 , 58; JlilUer, Ind. Eng. 
Chem. [Anal.], 1941, 13 , 741), but the only 
one which has been made at all extensively is 
the determination of the moisture content of 
porous materials. The field awaits fuller com- 
mercial exploitation. 

The importance of the electric dipole moment 
in the thcorj^ of dielectrics was indicated in the 
introduction. A survey of (ho fundamental 
principles and of recent developments has been 
given by IMoullin (J. Inst. Elec. Eng. 1940, 86, 
113). 

APPENDIX. 

COMMEnOUI. iNSTRUlirSTS I'On Tlir. DETEnMINATIOS 
or MoiSTunr, Coxtent jn Porous Solids. 

As will be rcntllly appreciated from tlio forcRolnR, 
water absorbed by a porous material has a marked 
elfect on tiio dielectric constant. Tills principlo Is 
used in two Instruments intended for moisture content 
dctcnninatlon of sucli materials in Rramilar or powder 
form. 

One, made by the CambrldRo Instrument Company, 
Ltd., utilises a liiRh-frcquenny circuit (Cataloguo 
No. 23C0I). The other, dcslRucd at the National 
Pilyslcal Laboratory and made by the Baldwin Instni- 
meat Company, Ltd., works at alternatlnR electric 
mains frequency {see " Tiio N.P.L. lilolstiiro Meter,” 
L. Hartshorn and .T. D, Mounlield, Milling, .TnnuaryS, 
1044). In both instruments the material to be tested 
is poured into a cup, which forms a condenser, and the 
alternating current tlicrcin Is rcctitled and passed 
through a mllliammeter. Tills can be calibrated In 
terms of moisture content for the particular material 
under test by using samples in which the content is 
determined initially liy wlmtever standard method Is 
commonly used. Determinations are many times 
quicker than by ordinary methods, and the accuracy is 
fully adequate for most purposes. 

L. E. S. 

MOMENTUM, ANGULAR (v. this Vol., 
p. 188c). 

MOMORDICA FAT. Balsam pear-seed 
oil. Balsam apple-seed oil. Tho Momordieacese 
(Fara. Cucurbitacero) nro a genus of tropical 
climbing plants ■with orange or red fleshy fruits. 
Toyama and Tsuchiya (Amer. Chem. Abstr. 1936, 
30 , 7372) extracted 40-9% of oil from tho kernels 
of Momordica charantia and recorded tho 
following data: pf 0-9163, 71^“ 1-5010, m.p. 
26-27°, acid value 0-03, sap. value 189-9, iodine 
value (Wijs) 140, unsaponifiable 0-91% (cf. 
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Corfield and Caird, Pharm. J. 1920, 104, 43). 
Toyama and Uozaki (A. 1937, III, 445) found 
a-elseostearic acid in the oil of M. cochinchinensis. 
Rrom this plant Kuwada and Yosiki (Amer. 
Cihem. Abstr. 1937, 31, 8542; 1940, 34, 5088; 
1941, 35, 461) isolated the sterol “ bessisterol ” 
^29*^48®' 0-5 HjO which proved to be identical 
with spinasterol. Corfield and Grant (i.c.) con- 
sider that the oil could be used in the manu- 
facture of paint. 

J. N. G. 

MONARD/EIN is identical with salvianin 
(V. Vol. VI., 92ff). 

MONARDIN is identical with pelargonin 
(a. Vol. VI., 93a) (Robinson and Todd, J.G.S. 
1932, 2488 ; Karrer and Widmer, Helv. Chim. 
Acta, 1927, 10, 67, 729). 

MONASCIN. The so-caEed red rice, which 
is met with in Eastern Asia, results from the 
growth on the rice of a fungiis, Monascus pur- 
pureus. Went (Earn. Monascacle®. It contains 
a red colouring matter which is said to be 
used in China for colouring beverages and 
eatables. 

By extracting “ red ” rice with ether two 
pigments can be isolated, a deep brown-red 
substance which has not yet been obtained 
pure, and a deep yeUow compound, termed 
monascin (Salomon and Karrer, Helv. Chim. 
Acta, 1931, 14, 18 ; Karrer and Geiger, ibid. 
1941, 24, 289). 

Jifonn^ciTif ^20^24^5 ^20^26^5* deep 

yellow leaves, m.p. 141-142°, is insoluble in 
water and contains no methoxyl group. One 
active hydrogen atom is present (Zerewitinov) 
but this is not part of a hydroxyl group since 
monascin cannot be acetylated or benzoylated. 
Monascin contains at least three methyl groups 
attached to carbon, and on ozonisation forms 
an ozonide which gives acetaldehyde and 
pyruvaldehyde when decomposed with water, 
indicating the presence of CHMe: and 
tCMe-CH;, the latter probably existing in an 
isoprene residue. Reduction with zinc dust 
converts monascin into the colourless dihydro- 
monascin, decomposing above 162°, whilst by 
catalytic reduction four molecules of hydrogen 
are added with formation of the non-crystalfiae 
perhydromonascin. Oxidation of monascin or 
perhydromonascin with potassium perman- 
ganate yields 7i-hexoic acid. 

Monascin appears to possess a chromophoric 
system analogous to those of bixin, crocetin, 
and rhodoxanthin. It possibly contains one 
enohc hydroxyl group, whilst at least two of the 
oxygen atoms are present in carbonyl groups. 

Nishikawa (J. Agric. Chem. Soc. Japan, 1932, 
8, 1007) isolated from Monascus purpureus a 
substance termed monascoruhrin, 022112405, red 
needles or prisms, m.p. 136°, which does not 
contain a methoxyl group and is reduced in 
presence of a catalyst to the dihi/iro-derivative, 
both compounds being Isevorotatory. Oxida- 
tion of monascorubiin gives monascoflavin, 
Ci,H 2204, yeUow rhombic platelets, m.p. 145°, 
which on catalytic reduction forms a dibydro- 
compound possessing phenolic properties. Both 
these compounds are dextrorotatory. m-Hexoic 
acid is produced by fusing monascorubrin with 
potash. 


It is concluded, therefore, that monas- 
corubrin contains a double bond, a straight chain 
of six carbon atoms, and probably a benzene 
nucleus. 

E. J. C. 

MONAZITE. A mineral consisting of 
phosphate of the rare-earth metals, essentially 
(Ce, La, Nd, Pr) PO4, usually with some thorium 
silicate, ThSi04. The thoria content generally 
ranges from 1 to about 18%. An average of 
several analyses of commercial monazite is 
CejOg 30, LagOg, etc., 30, PgOg 26, ThOg 8, 
YgOg, etc., 1-5, and SiOj 1’3%. It crystallises 
in the monochnic system, but well-formed 
crystals are rare and mostly small, and often 
occur as tablets flattened parallel to the ortho- 
pinacoid. Monazite is usually found in granular 
masses, and eommonly as beach and river sands. 
It possesses a good parting paraUel to the basal 
plane, has a hardness of 5|r, and p 4-9-5-3. 
Crystals or masses within pegmatite veins are 
generally yeUowish-brown or reddish-brown and 
almost opaque, but the rounded grains found 
in beach deposits are translucent and have 
honey-yellow and brown tints, and a resinous 
lustre. Monazite sand can be cracked easily 
between the teeth. A ready method of identifi- 
cation is by means of a direct-vision pocket 
spectroscope or an eyepiece spectroscopic attach- 
ment to the microscope, in which the character- 
istic absorption spectra of neodymium and 
praseodymium can be seen. 

Monazite is a comparatively rare mineral 
found in some granites and associated peg- 
matites, and in certain gneisses. Such occur- 
rences are not rich enough to be exploited, but 
since the mineral is extremely resistant to 
decomposition and weathering it becomes con- 
centrated in river and beach sands, together 
with other resistant and heavy minerals such as 
zircon, rutile, magnetite, and ilmenite. The 
world production of monazite in 1938 was about 
6,000 tons, nearly 90% of which came from the 
beach sands of Travancore in Southern India, 
the remainder coming largely from sands in 
Brazil, the Netherlands East Indies, and New 
South Wales. 

Monazite is the chief source of thorium and 
cerium, and also of lanthanum, neodymium, 
praseodymium, and the radioactive element, 
mesothorium. Much of the thorium extracted 
from monazite is used in the preparation of 
thorium nitrate for the manufacture of in- 
candescent gas mantles, which consist of 99% 
of thoria and 1% of ceria. Thoria is a super- 
refractory employed in crucibles for melting 
pme metals at temperatures up to 2,300°o., 
and is probably the most refractory oxide known. 
MetaUic thorium is alloyed -with tungsten in 
ductile filaments and electron-discharge devices. 
The use of thorium in photoelectric cells, glow- 
tubes, electrodes, and X-ray targets is increasing, 
and there is little doubt that the radioactive 
properties of the metal wiU find greater service 
in the futme. Mesothorium, which is normally 
present in monazite to the extent of about 3 mg. 
per ton, is a very valuable by-product, since it 
is approximately 30 times as radioactive as 
radium. It is used in the treatment of 
cancer and malignant skin diseases, and as an 
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ingredient of luminous paints. Cerium is 
widely used in making ferrocerium, or pyropkoric 
alloy (“ mischmetall ”), consisting of about 70% 
of cerium and 30% of iron, for the manufacture 
of “ flints ” for cigarette lighters, etc. Because 
of its aflinity for oxygen, cerium acts as a 
reducing agent in the production of metallic 
zirconium and thorium, and the metal has 
recently been used in some light alloys. The 
sulphate is employed in making anih'ne black 
and in rectifying over-developed negatives in 
photography, whilst other cerium salts find 
limited service in medicine, ceramics, optical 
glassware, dyeing, and tanning. Considerable 
quantities of cerium fluoride are utilised in 
making electrodes for electric arc lamps and 
searchSghts. Besides being used with cerium 
in pyrophoric alloys and flaming carbons, 
lanthanum and neodymium are in some demand 
in the textile industry, as preservatives, and in 
glass and ceramics as colorisers, dccoloriscrs, and 
opacifiers, whilst lanthanum oxide is also used 
as a catalyst and as a weighing agent for sUlc. 

References. — ^R. B. Badoo, " Non-mctallic Minerals,” 
New York, 1925, p. 392 ; P. B. Hess, in " Industrial 
Minerals and Rocks,” American Institute of Mining 
and Metallurgical Engineers, New York, 1937, Chap. 
XXX ; Jj. L. Fermor, " Slonazitc,” Rec. Geol. Survey 
India, 1935, 70, 200 ; S. I. Levy, " The Rare Earths. 
Their Occurrence, Chemistry, and Teciinology,'* 
London, 1915. 

D. W. 

MONO GAS (t). Vol. V, 376a). 

" MONEL." “ Mond ” is a nickel-copper 
alloy produced from oro mined in the Sudbury 
district of Ontario, Canada. The ore, which is 
fairly rmiform in character, is smelted without 
separation of the constituent metals, the com- 
position being controlled to fall within a pre- 
determined range. Nominal compositions of 
the standard grades, all of which are marketed 
under this registered trademark, are given in 
Table I. 


Table I. — Chemioal Compositions. 


Metal. 

Ni.* 

Cu. 

1 

1 

Mn. 

Si. 

C. 

S. 

AI. 

Rolled 
Products. 
Monel ” . 
" K Monel ” 

1 

67 

30 

1 Fe. 

1 1-4 

! 1-0 

0-1 

0-15 

0-01 


67 

29 

0-9 

1 0-4 

0-50 

0-10 

0-005 

2-75 

Castings i 
"Monel" . 

67 

29 

1-5 

0-9 

1-25 

0-3 

0-015 



• Includes small percentage of Co. 


The compositions are designed to provide 
various combinations of properties. Most uses 
depend upon the combination of one or more of 
the mechanical properties with corrosion 
resistance. 

Metallography. 

The internal structure of “ Mond ” is simple 
and homogeneous. Annealed and hot-rolled 
material consists of polygonal grains of the 
nickel-copper solid solution. Castings have the 
typical cored structure of single solid solutions. 

Manueaotuee. 

Smelting practice follows that applicable to 
nickel-copper ores for the production of elec- 


trolytic nickel, hut final separation of the main 
elements is not carried out. After separation 
of the sulphide oro from rock and ganguo by 
flotation, it is smelted and roasted to mixed 
oxides of copper and nickel. These mixed 
oxides arc heated together ivith carbon to reduce 
them to metal, the carbon content of wliich is 
then adjusted and the metal deoxidised with 
suitable dcoxidants including manganese and 
magnesium. Ferromanganese may bo used if 
it is necessary to increase the iron content. 
Deoxidation is carried out in the fiimnco. 

Tho forging and rolling temperature range for 
ingots is 1, 175-1 ,010°c. The “hot-short” 
range, within which forging is not possible, is 
870-C50°o. Tho best bending range is 1,230- 
l,040°c. As far as possible, reduction is carried 
I out by hot rolling ; cold working is confined to 
tho production of sheet, wire, strip, and rod, or 
is used to provide higher strength or other special 
properties. Bright annealing, which is advan- 
tageous in the final stages of manufacture, is 
standard practice. Freedom from oxidation is 
secured by a protective atmosphere or by box or 
pack annealing. The temperature for close 
annealing is 7C0°o. ; this tomperatnro should bo 
maintained for 2-6 hours. Shorter times and 
higher temperatures (up to 900°c.) aro used for 
open annealing or in continuous furnaces. 

Pm'sioAL PBornnTTES. 

Density. — ^The value for the nlloj’’ containing 
1 68*5% of nickel is 8-80 (0-318 lb. per cu. in.). 

1 Change of State. — ^Tho melting-point varic.s in 
tho range 1, 300-1, 350°c. Tho magnetic trans- 
formation to tho non-magnet ic form occurs 
I when tho tempemturo rises above 05°c. Tho 
! transition temperaturo is lowered by increase 
in copper content. 

Specific Heat. — ^Tho specific heat is 0-127 
-g.-cnl. per g. per °o. between 20 and 400°c. 
Tho latent heat of fusion is GS g.-cal. per g. 

Thermal Expansivity. — Tho mean coefficient 
of thermal expansion between 26 and 100°o. is 
0-000014 ; between 25 and G00°o. it is 0-000016. 

Thermal Conductivity. — ^Tho thermal con- 
ductivity is 0-06 g.-cnl. per c.c. per sec. per °a. in 
tho range 0-100°o. 

Electrical Besislivity. — Tho nvorngo valuo of 
drawn wire is 42-5 microhm-cm. or 266 ohm-mil- 
foot -irith a temperaturo coefficient of resistivity 
at 20'’o. of 0-0019 per °o. Tho value rises to 
72-5 microhm-cm. at l,QQ0°a. The nlioy is not 
used for electrical resistance purposes. 

Magnetic Properties, — ^Tho aUoy is wcaldy 
magnetic, tho degree varying with composition, 
amount of cold -work, and heat treatment. 
Figures for magnetic induction under a field of 
100 gauss and approximate transformation 
temperatures are given in Table II. 


Table II. — hlAOHETio Pkotebties. 


Material, 

Magnetic 

induction. 

Gauss, 

Trnnsrormation 

temperatures, 

“O. 

Monel ” . . 

"Monel" (cast 
silicon) . . 

"K Monel" . 

1,000-1,500. 

Non-mngnctlo. 

00-05. 

Below —40. 

Non-maguetlc. 

Below —70. 
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Optical Properties . — ^Values for the optical 
reflectivity of rolled “ Monel," as determined 
by Coblentz, are given in Table III. 

Elasticity. — Young’s modulus of elasticity for 
“ Monel ” is 26,000,000 lb. per sq. in. in tension, 
and 9,600,000 lb. per sq. in. in torsion. 


Table III. — Optical REFLECTiviTy or 
Rolled “ Monel." 


Wave- 
length of ! 
light in 
microns 
(/x=0011 
mm.) 

Eeflec- 

tivity, 

o/ 

/o* 

Wave- 
length of 
light in 
microns 

(p=0001 

mm.) 

Eeilec- 

tivity, 

0/ 

/o» 

0-45 

56-5 

1-05 

730 

0-50 

57-8 

1-10 

73-6 

0-55 ' 

59-0 

1-20 

74-8 

0-60 

60-2 

1-40 

77-0 

0-65 

61-8 

1-50 

78-2 

0-70 

63-7 

1-75 

81-2 

0-75 

65-G 

2-00 

83-8 

0-80* 

67-2 

2-50 

87-0 

0-90 

70-0 

3-00 

88-7 

0-95 

71-1 

3-50 

89-5 

1-00 

72-3 

4-00 ' 

91-0 


* Infra-red, ivhere wave-length =0'80/i and over. 


Meohanioal Reopbeties. 

The mechanical properties of “ Monel " in 
the hot-roUed condition approximate to those 
of mild steel, but the general level is raised by 
cold work, as may be seen from Table IV. 

“ 1£ Lionel," which is responsive to thermal 
treatment, is produced by the addition of 
aluminium to normal “ Monel." As the thermal 
hardening temperature is below that at which 
the effects of cold work are removed, it is 
possible to superimpose the thermal hardening 
on material which has been already hardened 
by cold work and, in this way, to develop the 
maximum strength and hardness characteristics. 

Typical mechanical properties, at room tem- 
perature, for the conditions in which “ K 
Monel ” is principally employed, are given in 
Table V. 

Heat-treatment of “ K Mone/.” — “ K 
Monel ” is softened by heating to 950-l,000°o. 
and quenching in water or oil. Certain thin 
strip sections need not be quenched, but may 
be cooled in air rapidly enough to retain the 
material in a softened condition. Heavy sec- 
tions must be quenched. 

Hardening of “ K Monel." — “ K Monel" is 


Table IV. — Range of Mechanical Pbopeeties of “ Monel.” 


Vorm. 

Condition. 

Ultimate 
strength, 
tons per 
sq. in. 

Yield 
point, 
tons per 
sq. in. 

Elongation 

on 

4\/(area), 

%. 

Izod 
impact 
value, 
ft. lb. 

Brinell 

range. 

Rounds, squares, 
rectangles, hex- 

Cold-rolled or drawn. 

40-45 

35-40 

19 

115- 75 

100-210 

Do., annealed. 

30-35 

14-17 

35 

120- 90 

110-120 

agons. 

Hot-rolled. 

34-38 

15-18 

85 

120-100 

120-140 

Plate. 

Hot-rolled. 

34-38 

16-18 

35 

120-100 

120-140 

Sheet and strip. 

Cold-rolled. 

45-50 

40-45 

15 



200-220 

Do., annealed. 

30-33 

14-16 

30 

— 

100-110 

Wire. 

Cold-drawn. 

55-60 



2 






Do., annealed. 

29-33 

14-16 

36 

— 

— 

Tubing. 

Cold-drawn. 

40-47 

27-33 

10 






Do., annealed. 

29-38 

11-15 

20 

— 

— 

Castings : 







Normal composl- 

As cast. 






tion. 

23-33 

11-15 

16-40 

60-80 

100-140 

Containing 
3-75% of sili- 







con. 

As cast. 

40-45 

40-45 

NU 

0-4 

230-260* 


* Brinell hardness numbers up to 390 can be obtained with increased silicon and iron content. 


Table V. — ^Mechanical Pbopeeties of “ K Monel." 


Form. 

Condition. 

Ultimate 
strength, 
tons per 
sq. in. 

Yield 
point, 
tons per 
sq. in. 

Elongation 

on 

4v’(area), 

o/ 

/o* 

Izod 
impact 
value, 
ft. lb. 

Brinell 

range. 

Bod. 

Hot-rolled. 

39 

19 

35 

90 

130-160 

Bod. 

Hot-rolled and ther- 
mally hardened. 

60 

43 

30 

50 

250-280 

Rod, wire, tube, 
strip. 

Cold-worked, not ther- 
mally hardened. 


— 

— 

— 

200-220 

Bod, wire, tube, 
strip. 

Cold-worked and ther- 
mally hardened. 

72 

60 

15 

30 

300-320 

Rod, wire, tube, 
strip. 

Cold-worked, softened, 
and thermally hard- 
ened. 

58 

40 

30 

30 

240-270 






































































•^MONELr 


233 


hardened "by heating to, and holding at, a pre- 
determined temperature for a period of 1-12 
hours. The temperature and the time vary vith 
the size and previous history of the part to bo 
treated. Figures for cold-rvorked “ K Monel ” 
are given in Table VI. 


Table VI. — ^Heat Treatment Prooedtjue 
FOE CoLD-rvoHKED “ K Moncl." 


Initial 

Brinell 

hardness. 

Treatment. 

Approxi- 
mate final 
Brinell 
hardness. 

180-230 

2 hours 640-580°C., 
furnace cooled. 

280-320 

230-270 

2 hours 520-500°0., 
furnace cooled. 

320-350 

270-320 

8 hours 510-540°o., 
furnace cooled. 

350-380 


Slow cooling from the hardening temperature 
is necessary to develop maximum hardness, and 
shordd be carried out in the furnace. Tlic rate 
of cooling down to 350°c. should not exceed 30° 
per hour. 

Tensile Strengths at Elevated Tempera- 
tures. — “ Monel " retains a high proportion of 
strength at temperatures up to approximately 
400°c., after which there is a sharp fall. Ecsults 
of tests at elevated temperatures arc given in 
Table YU. 


Table VII. — Tensile Tests of “ Moncl ” 
AT Elevated Tejifebatuees. 


Tempera- 

ture, 

°o. 

Ultimate 
strength, 
tons per 
sq. in. 

Yield 
point, 
tons per 
sq. in. 

! Elongation, 

O' 

/0« 

15 

37-8 

14-7 

45-8 

200 

35-0 

11-5 

44-8 

425 

30-8 

11-3 


650 

14-3 

8-2 

32-8 

825 

6-5 

3-7 

49-0 


Fatigue Properties. — "Monel" has better 
fatigue properties in the “ cold-worked and 
stress-relief annealed ” condition than in the 
“ hot-rolled ” or “ soft-annealed ” condition. 

Results of fatigue tests carried out in a rotating 
cantilever machine are given in Table VIII. 


Table VIII. — ^Fatigue Pboperties. 


! 

Material. 

Condition. 

Specimens 
remained im- 
hroken after 
10,000,000 cycles, 
at the stresses 
indicated. 

“ Monel." 

Annealed. 

Hard-drawn, 
stress - relief 
annealed. 

Plus and minus 10-6 
tons per sq. in. 
Plus and minus 22-0 
tons per sq. in. 

“ K Monel.” 

Hot - rolled and 
thermally 
hardened. 

Cold - drawn and 
thermally 
hardened. 

Plus and minus 20-0 
tons per sq. in. 

Plus and minus 22-0 
tons per sq. in. 


“ Moncl ” has good resistance to fatigue 
stresses in the presence of corrosive agents. The 
corrosion fatigue figures in Table IX, which 
represent the stresses required to cause failure 
of specimens rotated in brackish sca-rrater at 
1,450 r.p.m. for 10,000,000 cycles, were obtained 
experimentally. 


Table IX. — Corrosion Fatigue 
Pboberties of “ Monel." 


Tensile 

strength. 

Patiguc 

limits. 

Corrosion 

fatigue 

limits. 

tons per sq. in. 

tons per sq. in. 

d: 

tons per sq. in. 

570 

22-0 

14-5 


Spring Properties. — ^For very light-duty 
springs, such ns garter springs on carbon gland 
packings, “ Moncl " has given continuous 
reliable service for up to six years with super- 
heated steam at 370°o. For hcavicr-dut^' 
springs, “Moncl " should not generally be used 
at temperatures above 200°c. 

Springs can be formed direct from hard-drawn, 
“ spring-quality ” wire. “ K Moncl ” is advan- 
tageous onlj' for springs of large size or of special 
types, where the ability to harden by thermal 
treatment after forming is an advantage. “ K 
Moncl ” springs are serviceable in superheated 
steam up to about the same temperature limit ns 
“Moncl." 

The tensile strength of hnrd-drn\ni “ spring- 
quality ’’ wire in. diameter) in “ Moncl " is 
above 58 tons per sq. in. Heavier wires have 
slightly lower tensile strengths. 

Springs made from “ Moncl" after forming, 
should bo subjected to a stress-relief anneal for 
30-00 minutes at a temperature of 300°c. This 
gives added resiliency by improving the limit 
of proportionality. 

Low Temperature Values. — ^Thc proof 
stress (or yield point), the tensile strength, and 
the Brinell hardness of “ Moncl ” all increase ns 
the temperature is lowered. The proof stress 
at — 2C0°c. is twice that at room temperature, 
and the tensile strength is 05% higher. There 
is no loss in ductility ns the temperaturo is 
decreased, the elongation at — 2G0°o. being the 
same ns that at room temperature and at inter- 
mediate temperatures. The modulus of elasticity 
tends to increase slightly ns the temperaturo is 
lowered. Fatigue stress, which can bo sup- 
ported for a' total fatigue life of 40 million cycles, 
is 10 tons per sq. in. at 20°c. and 17 tons per sq. 
in. at — 40°o. Impact properties are unailected 
by decrease in temperature. Welds which gave 
78 ft.-lb. at room temperature gave 73 ft.-lb. at 
— 190°c. The coefficient of thermal expansion 
of annealed wrought material increases slightly 
with decrease in temperature, and the metal 
becomes more magnetic. 

Resistance to Corrosion. 

“ Monel " is highly resistant to many cor- 
rosive agents, owing primarily to its high nickel- 
content. Variations in composition, surface 
finish, and physical condition have little effect 
on corrosion resistance. 
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monel:' 


The metal is not appreciably affected by atmo- 
spheric conditions, although it tarnishes fairly 
quickly, and in a city atmosphere slowly 
develops a green patina. It is resistant to cor- 
rosion by water, including brines, and practically 
immune from attack by all alkaline materials. 

“ Monel ” is not affected appreciably by 
acetylene ; ethyl and methyl alcohol ; dry 
(gaseous and liquid) ammonia ; ammonium 
chloride and sulphide; fused caustic alkalis or 
carbonates or their aqueous solutions; carbon 
dioxide and tetrachloride ; petroleum and 
mineral oUs generally ; phenol and cresylic 
acids ; dye liquors ; formaldehyde ; most fruit 
juices ; pure gelatin ; glycerin ; hydrocyanie, 
hydrofluoric, and hydrofluosUicio acids ; Un- 
seed oil ; nitrocellulose and nitroglycerin ; most 
vegetable oils ; oxygen ; perchlorethylene ; 
potassium iodide and nitrate; radium and 
radium-barium concentrates ; synthetic resins ; 
latex; sodium bicarbonate, sUicate, sulphate, 
and sulphide ; starch ; stearic and tannic acids ; 
viscose ; zinc chloride and. sulphate. 

“ Monel ” offers fair resistance to cold acetic 
acid at concentrations up to 20%. Hot acetic 
acid is corrosive, even in low concentrations. 
Aqueous chlorine and hypochlorite solutions are 
highly corrosive, except at very low concentra- 
tions. With the exception of mercury, low 
melting-point metals attack “ Monel ” more or 
less rapidly. Sulphurous, nitric, and chromic 
acids attack “ Monel ” severely. “ Monel ” 
resists attack by air-free solutions of hydro- 
chloric acid in concentrations under 20% at 
atmospheric temperature,. and in concentrations 
under 2% at higher temperatures. It resists 
attack by sulphuric acid, if air or other oxidising 
media are absent, up to about 80% concentra- 
tion. Air-saturated acid of lower concentration 
is usually corrosive. Care must also be taken 
when specifying “ Monel ” for use with bleach 
liquors, citric acid, dyestuffs, hydrogen sulphide, 
mercuric chloride, nickel sulphate, nitrous acid, 
oxalic acid, phosphoric acid, tartaric acid, potas- 
sium permanganate, salt, copper sUmes, soap, 
sodium hydroxide, sulphur chloride, sulphur 
dioxide, tin tetrachloride, and vinegar. 

A. E. H. 

MONITE (t). Vol. Ill, 294a). 

MONKEY NUTS, pea-nwls (v. Vol. I, 454c; 
VI, 138a). 

MONOBEL (». Vol. IV, 653c). 

MONOCROTALINE. Greshoff for the 
first time mentioned the presence of an alkaloid 
in Grotalaria retnsa and C. striata without 
giving any details ; from C. spectabilis Both the 
base monocrotaline was isolated by Neal, 
Busoff and Ahmann (J. Amer. Chem. Soc. 1935, 
57, 2560, with earUer references). 

Monocrotaline (I), CjjHjgOgN crystallises in 
white prisms from ethanol, m.p. 197-198° 
[aj^ —64'7° and contains no — OMe or >NMe 
groups. The hydrochloride, white prisms, has m.p. 
184° (decomp.) and the methiodide, white prisms, 
m.p. 205° (decomp.). Eor extraction of the 
base, cf. Adams and Bogers {ibid. 1939, 61, 2815). 
The yield is 3-2% from seeds of C. spectabilis or 
1-89% from seeds of O. retnsa. 


The formula CjgHjgOgN resembles closely 
those of the Senecio, Heliotropium, and Tri- 
chodesma alkaloids {cf. Senecio, Alkaeoids 
of). Hydrolysis of monocrotaUne confirmed 
this supposition, for alkaline cleavage 3 rielded 
basic retronecine (II), obtained before by 
hydrolysis of several Senecio alkaloids, and 
monocrotic acid (III) according to the following 
scheme : 

Ci6Hsg0gN-t-H20[Ba(0H)2] 

CgHigO^N (II) -i-C.Hi^Og (HI) -f COa 

On hydrogenation monocrotaUne was spUt 
into retronecanol (IV) and monocrotalic acid (V) 
{cf. Menshikov, Ber. 1935, 68 [B], 1051 ; Barger 
el al., J.C.S. 1935, 11). The two reactions 
together indicate that the alkaloid is an ester 
of retronecine, in which one hydroxyl group of 
the base is covered by monocrotaUc acid. 

Acidic Scission Products. — If monocrotaUc 
acid (V), white plates from acetone and Ught 
petroleum, m.p. 181-182°, [a]p —5-33° is 
heated with alkaU, carbon dioxide is lost (see 
above) and monocrotic acid (III), an optically 
inactive oil, b.p. 145-146°/18 mm. is obtained. 
Adams and Long (J. Amer. Chem. Soc. 1940, 62, 
2289) identified (III) as dimethyUsevuUnic acid, 
CHg-CO-CHMe-CHMe-COaH (m.p. of the 
methyl ester of the dinitrophenylhydrazone 
107-109° and 121-122°, cf. Adams, Bogers, and 
Sprules, ibid. 1939, 61, 2819). The constitution 
of (V) is not yet estabUshed, although several 
alternative formulse have been proposed (Adams 
and Long, l.c. ; Adams, Bogers, and Long, ibid. 
1939, 61, 2822) of which the following seems to 
be the most probable : 

MeCH— C(0H)-CH2-C02H 

I 

MeCH— CO 

V. 

Basic Scission Products. — Retronecine (II) 
crystaUises from acetone in irregular prisms, 
m.p. 121°, [a]p -t-49'3° ; the hydrochloride, m.p. 
161-162°, forms white prisms ; the picrate of the 
diacetyl derivative has m.p. 146°. Retronecanol 
(IV) forms white crystals, m.p. 95-96°, b.p. 
i40°/30 mm. ; the hydrochloride has m.p. 210° 
(decomp.), and the methiodide forms white plates, 
m.p. 193°. Betronecine contains two hydroxyls 
and one double bond, whilst retronecanol is 
saturated and contains one hydroxyl group. 
The two bases are identical with those obtained 
by Manske (Canad. J. Bes. 1931, 5, 651) and 
Barger and co-workers {see above) by similar 
treatment of the alkaloid retrorsine (from Senecio 
retrorsus) ; they are isomeric and probably 
stereoisomeric with the analogous basic sub- 
stances from the alkaloid heliotrine (Menshikov, 
Ber. 1933, 66 [B], 875 and later). Many other 
alkaloids from several genera of plants faU into 
the same family in that hydrolysis and hydro- 
genolysis give bases identical with those result- 
ing from retrorsine or heUotrine {cf. J. Amer. 
Chem. Soc. 1939, 61, 2817). Helioiridane, the 
parent base of the alkaloid heUotrine was shown 
by Menshikov and other Bussian authors to be 
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l-methylpyrrolizidino (c/. Adams and Rogers, 
ibid. 1941, 63, 228) : 

CH„ CH CHMe 

CHj N CHo 

On these grounds Adams and Rogers proposed 
the following eonstitutions for (II), (IV), and (I) : 


(P) 

HOCH- 


-CH- 


{<!) 

-CMeOH 


CH N CH, 
CH CH, 


CH, 


n. 

-CH- 


-CMe-OH 


CH, N CH, 

^c1^ ^CH„ 

R-CO,CH CH CMeOH 

"I I I 

CH N CH, 

CH CH, 

(R'COy represents a monocrotallc acid residue.) 

I. 

In (II) the two hydroxyl-groups differ in their 
behaviour; the a-hydroxyl is tertiary and 
difiSoult to esteri^>-, whilst the ^-hydroxyl is 
very labile and prone to removal by hydrogena- 
tion (hydrogenolysis). (For further details see 
Adams and Rogers, ibid. 1941, 63, 637). 

Schl. 

MONOGERMANE («. Vol. V, 621d). 
MONOLAYERS {v. Subitaoe Films).' 
MONOTROPIN (u. Vol. V, 603c). 
MONOTROPITIN (v. Vol. VI, 92a). 
MONTAN WAX. Bitumen wax. During 
the last fifty years, the extensive brown-eoal 
(lignite) deposits of the Rheinland, Saxony, and 
Thuringia have been the site of a relatively new 
industry — ^the extraetion of montan Avax (von 
Boyen, Chem.-Ztg. 1903, 27, 651). For this 
purpose the lignite is extraeted with (e.gr.) a 
mixture of benzene and alcohol (G.P. 306349 
523095) preferably tmder pressrue. The evapo- 
rated extract, forming hard, brittle, dark-browTi 
lustrous^ masses, is crude montan Avax. It is 
soluble in hot light petroleum, which on cooling 
deposits the wax fraction while about 25% 
(varies greatly) of resin remains dissolved, as 
in the technical separation (c/. G.P. 623531). 

Refining . — A yellowish-Avhite refined Avax is 
obtained from the crude by vacuum distillatior 
^th superheated steam (G.P. 101373). The 
hard black residue in the still is montan pitcl 
used for moulding electrical insulators. There 
are numerous processes of chemical bleaching 
Amh acids or with acid chromate solutions 
(G-P. 493953, 503617, 523201; F.P. 829021) 
■Lne acids and alcohols may be prepared frou 


montan wax, separately bleached, and the pro- 
ducts esterified together (U.S.P. 1985871). 

Composition. — Considerable variations are 
recorded. A sample contained : montanic acid 
(free) 17%, esterified 28%, aliphatic alcohols 
(esterified) 25%, substances of unltnoAvn con- 
stitution 30%. Tctracosanol, ceryl alcohol, 
and myric}'! alcohol (v. this Vol., p. 258(f) are 
reported as present (Pschorr el dl. Bcr. 1920, 
53 [B], 2147 ; Z. angCAV. Chem. 1921, 34, 334) 
but Avax products are frequently mixtures 
(Chibnall ct al., Biochom. J. 1934, 28, 2189). 
The best supported formula for montanic acid is 
CjgHjoOj, Arith m.p. 8G-8C-6® (Holde el al., 
BronnstofT-Cliom. 1934, 15, 311), although 
Tropsch and Stadler (ibid. 1934, 15, 201) propose 
CjjHsgO;, Avith m.p. 89-3°. In addition they 
found the acids C05, C.-, Cgj. The acid values 
of a crude, distilled and bleached wax were 
respectively 31, 93-0, 13-G; the corresponding 
saponificatior values AA'crc 92, 94-5, 111 (Marcus- 
Hon ct al., Chora. Umschau, 1931, 38, 253; 
B. 1931, 1000; Eiscnreich, Chem. Rev. 1909, 
16, 211). Montanone, (C--H55)2CO, the ketone 
of montanic acid, is the characteristic substance 
contained in the unsaponifiable fraction of the 
wax. Its reduction gives a secondary alcohol 
employed in testing for montan wax (Grim and 
Ulbrich, Chem. Umschau, 1916, 23, 67 ; cf. for 
melting-points, Easterfield and Taylor, J.C.S. 
1911, 99, 2302). 

Uses . — In general, montan irax replaces part 
or the AA’holo of camauba Avax in shoo, floor, 

I leather, and furniture polishes. It is a sub- 
stitute for rosin in sizing paper (U.S.P. 2030386) 
and serves for impregnating Avood (U.S.P. 
2031973), for Avaterproofing tc.xtiles (G.P. 
307111) and ns an ingredient of moulding com- 
positions (Bacrlochor, Fnrbcn-Clicm. 1938, 9, 
191, 198) and candle wax (a. Vol. II. 264c). 

nibUoaravhv — IT. Abrnlinin, " Asphalt and Alllctl 
Substances,” 5th cib, New York, 19T5 ; C. Kbcl, 
■' Pabrikatlon A-on Scnuhcrcmc,” Hallo n. S., 1P30: 
E. Erdmann and M. Holch, " Clicmio dcr ITraunkohlo,” 
2nd cil., Ecriin, 1027 ; E. ,T, Fischer, " AVachsc,” 
Dresden, 1031; W. Fuehs, ” Chcmlo dcr Kohle,” 
Berlin, 1031 ; H. H. Lowry, " Chemistry of Coal 
Utilisation," Ncav York, 1015 ; E. LIhicckc, '' VTnchsc 
u. Wachskorper,” In Ubbciolulc's " Clicinic u. Tcch- 
nolosic dcr Ole u. Fctte,” Lelnzig, 1020 ; F. Ullmann, 
" Enzyklopfidlo dcr tochnlscncn Chemio,” 2nd cd., 
Berlin, 1928 (dmivlngs of plant, Voi. II, pp. 017, 019). 

J. N. G. 

" MONTANIN ” (v. Vol. FV, 23a). 

MONTEBRASITE (v. Vol. I, 303d). 

MONTMORILLONITE, A clay mineral 
belonging to the montmorillonito group, Avhicli 
also includes boidellito, nontronito, and mag- 
nesian bentonite. X-Ray diffraction studies in 
combination Avith optical examination, deh 5 ’’dra- 
tion, and dye-absorption tests, and chemical 
analyses, have recently added much to the 
understanding of this formerly obscure group of 
minerals. ' All its members are characterised by 
three-layer lattice structures, thus differing from 
the tAvo-layor kaolin group of minerals. The 
formula for montmorillonito is expressed 
approximately as Al2Si,,Oio(OH)2,?iHjO, but 
its composition is variable OAving to the Avido 
isomorphous substitution which is possible, 
including the replacement of silicon by alumi- 
nium and perhaps aluminium- by magnesium. 
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According to Nagelschmidt (Llin. Mag. 1938, 
25, 140) the montmorillonite group has three 
end-members: montmorillonite, AljSi^Oj^j, 

nontronite, FeoSi^Ou, and magnesium-beidel- 
Ute, MgjSiiOj'i, the formul® corresponding to 
the completely dehydrated end-members, free 
from isomorphons substitutions. Each member 
possesses high base-exchange capacity of the 
order 90 miUi-equivalents per 100 g., a variable 
basal spacing on X-ray diagrams of specimens 
at different moisture-contents, and a large 
amount of vrater uhich is reversibly absorbed 
or released according to the temperature and 
relative humidity. With fluctuation in -water 
content the crystal lattice expands or shrinks 
at right-angles to the layers of the crystal 
structure. Most of the exchangeable base is 
held bet-ween the double-layer units, -which are 
separated by one or more layers of -water each 
approximately 3 A. in thickness, the -water being 
expelled at 200°c. The structure of mont- 
morillonite is so open that water and salt solu- 
tions can easily penetrate to the interior of the 
crystals. 

Montmorillonite crystallises in the monocUnic 
system, as minute scales -with a lamellar struc- 
ture, and has a hardness of 1-1 It is a principal 
constituent of fuller’s earth, an absorptive clay 
-widely used for Altering, clarifying, and de- 
odorising oils, greases, and fats. The important 
clay-hke material bentonite, which occurs in 
sedimentary deposits derived from water-laid 
volcanic ash, is mairdy composed of mont- 
morillonite, together -with subordinate amounts 
of beideUite. One variety of bentonite swells 
enormously in water; the other variety does 
not expand but has strong absorptive proper- 
ties, and when activated it forms an excellent 
bleaching clay and oil clarifier, which is now in 
great demand. The swelling type of bentonite 
finds increasing service in reconditioning mould- 
ing sands, for rotary oil-drilling muds, and in 
many industrial processes. 

HeferencM. — G. Kagelsdunidt, " The Slineralogy of 
Soil Colloids," Imp. Bureau Soil Science, Tech. Comm. 
Ko. 42, 1944^^Haipenden, England (-with bibliography) ; 
idem, " The Identification of Minerals tu Soil Colloids," 
J. Agrlc. Sci. 1939, 29, Ft. 4 ; idem, " On the Atomic 
Arrangement and Variability of the Members of the 
Montmorillonite Group," Min. Mag. 1938, 25, 140; 
A. H. -ymchell, " Montmorillonite," Amer. Min 1945, 
30, 510 ; " Industrial Jlinerals and Bocks," American 
Institute of Mining and Metallurgical Engineers, New 
York, 1937, Chap. VI, " Bentonite," by P. Bechtner, 
and Chap. VU, " Bleaching Clay," by J. W. Bell and 
S. B. Funsten ; " Bentonite,” tJ.S. Bur. Slines, Bull. 
438, 1928 (revised by J. E. Conley as Tech. Paper 609, 
1940). 

D. W. 

MONTROYDITE (v. Vol. Vn, 562d). 

MOONSTONE («. Vol. V, 3a). 

MOOR-STONE (v. Vol. m, 32c). 

MORDANTS (v. Vol. IV, 129d). 

MORENOSITE. A hydrated nickel sul- 
phate, NiSO^.THjO, crystaUising in the ortho- 
rhombic system as acicular, fibrous, and 
efflorescent gro-wths. Colour apple-green to 
greenish- white ; p 2, hardness 2-2|. It is a rare 
water-soluble alteration product of nickel sul- 
phide ores. 

D. W. 

MORGAN ITE (v. Vol. I, 684c, 6856). 

MORIN (r. Vol. I, 497d). 


The roots of 
Morinda citrifolia (Linn.) and Morinda lincioria 
(Eoxb.), kno-wn as “Morinda Eoot,” were at 
one time extensively employed in various parts 
of India under the general trade name of 
“ Stiranji," more especially for dyeing red, 
purple, and chocolate shades. These plants, the 
native names for which are Aal, A'l, Ach, or 
Aich, are met -with either -wild or cultivated in 
nearly all the pro-rinces of India. The colouring 
matter is found principally in the root hark and 
is present in greatest quantity when the plant 
is three or four years old ; after this time the 
dyeing principle gradually disappears and the 
matured trees contain hardly a trace of it. The 
thin roots are most valuable, roots thicker than 
half an inch being rejected as worthless. 

By extracting tiie root -with alcohol, Anderson 
(Annalen, 1849, 71, 216) isolated a crystalline 
3 '^ellow substance which he termed morindin and 
this, when strongly heated, gave a crystalline 
sublimate of vwrindone. 

Morindin, C-gHgoOu (Anderson, he .) ; 

(Thorpe and GreenaU, J.C.S. 1887, 51, 52; 
Thorpe and Smith, ibid. 1888, 53, 171 ; Perkin 
and Hummel, ibid. 1894, 65, 851) ; C 27 HgQOj 5 
(Oesterle and Tisza, Arch. Pharm. 1907, 245, 
534), crystaUises from aqueous alcohol in glisten- 
ing yellow needles, m.p. 245°, and dissolves in 
alkaline solutions -with a red colour. According 
to Oesterle and Tisza (he.), it forms a monoacelyl- 
derivative, citron-yellow needles, m.p. 236-237°, 
and a monobenzoyl compotmd, yellow needles, 
m.p. 186°. On the other hand, Perkin (Proo. 

I Chem. Soc. 1908, 24, 149) obtained an octa- 
ocefyi-derivative, pale yellow needles, m.p. 
246-248° (ef. Simonsen, J.C.S. 1918, 113, 766). 

On hydrolysis -with acid, morindin is converted 
into morindone and a sugar which is not fer- 
mented by yeast and yields an osazone, m.p. 
197° (Oesterle and Tisza, he.), m.p. 202-203° 
(Perkin, he.). 

Morindone, C2sHipOs, orange-red needles, 
m.p. 281-282°, may conveniently be prepared 
in quantity by extraction of the root -with sul- 
phurous acid according to the details given for 
the isolation of natural alizarin from madder 
(see Madder, Vol. V'U, 436d). It is soluble in 
alkaline liquids -with a blue--violet tint, somewhat 
bluer than the corresponding alizarin solutions, 
and addition of baryta water gives a cobalt-blue 
precipitate of the barium derivative. 

Morindone yields a (riocctyl-derivative, citron- 
yeUow needles, m.p. 249°, a tribenzoyl compound, 
yellow needles, m.p. 218-219°, a monomethyl 
ether, bro-wn needles, m.p. 248°, and a trimelhyl 
ether, yellow crystalline powder, m.p. 229°. 
On distillation -with zinc dust it gives /3-methyl- 
anthracene and is thus a trihydroxymethyl- 
anthra quinone. 

This -view was confirmed by Simonsen (he.) 
who found further that two of the hydroxyl 
groups must be in the ortho-position -with respect 
to the carbonyl groups of the anthraquinone 
nucleus since treatment -with methyl iodide and 
alkali yielded only a monomethyl ether, whilst 
the methyl group must be in the ortho -position 
to one of the hydroxyl groups, for attempts to 
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oxidise it to a carboxyl group by means of 
chromic acid proved unsuccessful. Moreover, 
two of the hydroxyl groups are probably in the 
l:2-position since morindone is a mordant dye 
resembling alizarin. These and other reasons 
led Simonsen to conclude that morindone 
probably has the structure : 



HO 

Jacobson and Adams (J. Amer. Chcm. Soc. 
1926, 47, 283) confirmed this structure by 
synthesis. Opianio acid and p-bromo-o-cresol, 
when treated ^vith 85% sulphuric acid, give the 
phthalide : 


MeO 


Br 


\y^cH 


y 



Me 


OH 


and from this, by reduction, 3;4-dunethoxy- 
phenyl-2'-hydroxy-m-tolylmetbanc-2-carboxylic 
acid is produced. This is converted by cold 85% 
sulphuric acid into 6-hydroxy-l:2-dimethoxy-6- 
methyl-9-anthrono and oxidised to the corre- 
spon^g anthraquinone derivative. Acet}'ln- 
tion gives 5-acetoxy-l:2-dimotboxy-6-motbyl- 
anthraquinone which, by demothylation, is con- 
verted into l:2;6-trihydroxy-6-methylanthrn- 
quinone, identical with natural morindone. 

Morindone has also been sjoithcsiscd by 
Bhattaoharya and Simonsen (J. Indian Inst. Sci. 
1927, 10 [A], 6) from 2:6-dihydroxy-G-methyl- 
anthraquinone which by heating with potassium 
hydroxide at 220-230° in the presence of sodium 
arsenate forms morindone. 

In many respects the Morinda cUrifoUa 
resembles chay root and madder, for, in addition 
to morindin and morindone, it contains a large 
quantity of rubichloric acid (v. Madder) and 
certain yellow non-tinctorial derivatives of 
anthraquinone. Simonsen (J.C.S. 1920, 117, 
561) investigated the residue remaining after 
extraction of morindin and isolated alizarin 
a-methyl ether and rubiadin 1 -methyl other, 
both of which are present in the Morinda hngi- 
flora {q.v.). 

Prom the alcoholic extract of the Morinda 
citrifolia, Oesterle (Arch. Pharm. 1907, 245, 287), 
obtained a small quantity of a monomethyl 
ether of a trihydroxymethylanthraquinone, 
yellow crystals, m.p. 216°, soluble in hot alkaline 
solutions with a yellowish red colour. It is not, 
as this author suggested, identical with the 
emodin methyl ether present in the Ventilago 
madraspatana (Perkin, J.C.S. 1907, 91, 2074). 

In addition to the above, Oesterle and Tisza 
(.Ajch. Pharm. 1908, 246, 160) isolated a mono- 
methyl ether of a trihydroxymethylanthra- 
qumone, m.p. 172°, and a substance, C,„H,„0,:. 
m.p. 210°, which are probably identical with 
compounds found by Perkin and Hummel (l.c.) 


in Morinda umhellala, and two dihydroxy- 
methylanthraquinones, m.p. 244° and 276°, 
respectively. 

Dyeing Properties. — In an article under the 
head of Morinda (Watt’s “Dictionary of the 
Economic Products of India,” 1891, Vol. V, 
p. 261), Dr. J. Murray gives a most complete 
account of the more important species and full 
details of the native methods of dyeing wth 
them. These methods of dyeing vary con- 
siderably in different parts of India, but they are 
aU similar in general principles and are prac- 
tically crude processes of the Turkey-red dyeing 
kno\vn in Europe. Florinda root is, or was, 
principally used for dyeing the thread or yam 
from which the coloured borders of the cotton 
garments worn bj’’ the lower classes are ivoven, 
but it is also employed for dyeing the coarse 
cotton cloth known as kunda or klidrua, or for 
dyeing the silk tlircad which forms the border 
of the silk fabric known ns erendi or endi cloth. 

Dyeing experiments carried out by Hummel 
and Perkin (J.S.C.I. 1894, 13, 346) showed that 
by adopting certain precautions morinda root 
possesses a d3’eing power which is greater than 
madder itself. To obtain satisfactorj' results it 
is necessary to neutralise or, better stiil, to 
remove the free acid which exists in considerable 
quantity in the roots. Tho dj'o contained in the 
root bark gives tho best reds whereas that present 
in tho woodj' part of tho root is more j'cllow 
than red. 

Oil-prepared calico mordanted ns for Turkoj’- 
red gives a very bright ornngo-red or scarlet 
similar in shade to that given by flavopurjnirin, 
and fast to clearing with soap and stannous 
cldoride. (Ihromium mordant on siinilnrljf pre- 
pared calico gives n full rich chocolate, and iron 
mordant j’iolds colours varying from dull purple 
to black, according to tlio intensity of the 
mordant. On wool and silk, mordanted in tho 
usual manner, chocolate-browns are obtained 
mth chromium, orange-reds with aluminium, 
bright orange with tin, and dark purple and black 
with iron mordants. All tho colours referred to 
are as fast to soap ns tho corresponding madder 
colours. 

Methods of dj^eing wth morinda root are also 
described by hlell (Textile Colorist, 1928, 60, 
631) and Biililer (Verb. Nnturforsch. Ges. Basel, 
1939, 50, 32). 

E. J. C. 

MORINDA LONGIFLORA. The Mo- 
rinda longiflora (G. Don), known as “ Ojuologbo” 
(woody vino) (J. Soc. Arts, 1905, 53, 1069), is a 
native of West Africa and considered to bo one 
of tho most valuable medicinal plants of that 
region. It is fully described by D. Oliver in 
“ Flora of Tropical Africa,” London, 1877, 
Vol. Ill, p. 192, where it is stated to bo Icnown 
under the native name of “ Mbogga.” 

According to Barrowcliff- and Tutin (J.C.S. 
1907, 91, 1909) tho root of tho Morinda longi- 
flora contains alizarin a-mothyl ether and a 
rubiadin monomothyl other, although morindin, 
the common constituent of the Morinda cilri- 
folia, M. tincloria, and M. umbellaia, is absent. 
The rubiadin monomethyl ether, yellow plates, 
m.p. 290°, when heated with 70% sulphuric acid, 
gives .the l:3-dihydroxy-2-methylanthraquinono 
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of Schunck and MarcUewski {ibid. 1894, 65, 182) 
and has properties identical with those of 
rubiadin 1 -methyl ether ; 

OMe 





prepared synthetically by Jones and Robertson 
{ibid. 1930, 1699). Alizarin a-methyl ether, 
orange-re'd needles, m.p. 178-179°, was first 
isolated by Perkin and Hummel {ibid. 1893, 63, 
1174) from chay root and subsequently syn- 
thesised by Oesch and Perkin (Proc. Chem. Soc. 
1914, 30, 213). Alizarin a-methyl ether and 
rubiadin 1-methyl ether are also present in the 
Morinda ciirifolia. 

The leaves of the Morinda longiflora contain 
rubiadin 1-methyl ether and a crystaUine alcohol 
tnorindanol, C38HB2O4, which melts at 278° 
and has [a]^ +65-9° in alcohol. With sodium 
methoxide and methyl iodide it yields methyl 
morindanol CggHgjOs'OMe, m.p. 116°. 

“ Ojuologbo ” does not appear to contain an 
alkaloid, and extracts of the leaves and root 
were not found to possess any pronounced 
physiological action (BarrowcUff and Tutin, 

I . C .). 

E tT C 

MORINDA SPP. («;. Vol. VI, 92a). ' 

MORINDA UMBELLATA or MANG- 
KOUDU, The dyeing material, variously 
named oungkoudou, jong-koutong, mang-koudu, 
etc., is the root-bark of Morinda umbellata 
(Linn.), and is met with in Eastern commerce 
in the form of small, reddish-brown, irregular 
rolls of bark, much wrinkled in appearance. In 
Java it is used for producing the fast reds in the 
native calico prints, well known under the name 
of “ baticks.” 

Perkin and Hummel (J.C.S. 1894, 65, 851) 
examined this dyestuff and Indicated its close 
resemblance to the Morinda ciirifolia. In 
addition to morindone, they isolated the glyco- 
side morindin {v. Mokinda Citeipolia) and a 
considerable quantity of rubichloric acid {cf. 
Maddee, Vol. VII, 435d), together with a small 
amormt of non-tinctorial yellow derivatives of 
anthraquinone. A quantitative examination of 
the extract of the material with sulphurous acid 
{cf. Maddee) gave a green precipitate which 
yielded crude chlororubine (4-0%), pure 
morindone (0-6%) and yellow substances {0-1%). 

The yellow substances consisted of a mixture 
of at least six distinct compounds. The main 
constituent, CigHjaOg, yellow needles, m.p. 
171-173°, has properties in harmony with those 
required by a monomethyl ether of a trihydroxy- 
methylanthraquinone. It forms a diacetyl- 
derivative, lemon-yeUow needles, m.p. 148°. 

A second compound, C15H40O4, yellow 
needles, m.p. 269°, proved to be the methyl- 
purpuroxanthin (l:3-dihydroxy-6-methylanthra- 
quinone) prepared synthetically (Marchlewski, 
ibid. 1893, 63, 1142) by the condensation of m- 
dihydroxybenzoic acid with p-methylbenzoic 
acid. 

The remaining yellow substances : 

(a) 


orange-red needles, m.p. 258°; (6) CjgHmOj, 
lemon-yeUow needles, m.p. 198-199° ; and 
(c) CjbHioOs, needles, m.p. 208°, were isolated 
in such small amount that a determination of 
their constitutions could not be attempted. 

Dyeing Properties. — The colours yielded by 
mang-koudu are practically identical with those 
given by morinda root, but much fuller. In its 
ordinary condition mang-koudu is imsuitable for 
dyeing on account of deleterious acid principles 
present, but as in the case of A’l root, a pre- 
liminary washing or steeping in water is suffi- 
cient to remove these and to convert it into a 
useful red dyestuff. 

E J C 

MORINDIN (v. Vol. VI, 92a). 

MOROXITE {V. Vol. I, 449d). 

MORPHIGENINE, 9 -amino-lO-hydroxy- 
phenanthrene hydrochloride. Narcotic (Pschorr, 
Ber. 1902, 35, 2729; Vahlen, ibid. p. 3044). 
Prepared by reducing phenanthraquinone mon- 
oxime with stannous chloride. 

J. N. G. 

MORPHINE V . Opium. 

MORRHUIC ACID {v. Vol. IH, 250c). 

MORSE EQUATION v. Moleoulae 
Spectea (this Vol., p. 197a). 

“MORYL.” “Lentin." Carbamylcholine 
chloride. “ Doryl " {v. Vol. Ill, 94a) ; Lentin. 
{Veterinary use.) Parasympathetic stimulant, 
vasodilator {v. Synthetic Deugs). 

S E 

MOSAIC GOLD («. Vol. I, 549d). 

MOSANDRITE. Hydrated titano-sUioate 
of cerium earths (17-26'5%), calcium, etc., 
occurring as reddish-brown monoolinic crystals 
of prismatic habit in the nepheline-syenite of 
the Langesundsfjord in south Norway, p 2-93- 
3-03. The mineral is named after the Swedish 
chemist, C. G. Mosander (1797-1858), the dis- 
coverer of “ didymium,” lanthanum, and 
terbium. 

L. J. S. 

MOSELEY’S LAW {v. Vol. I, 6415). 

MOSLENEd. Teepenes. 

MOTHER-OF-PEARL. This is the nacre- 
ous lining of the shell of various moUuscs, 
notably that of the large pearl-oyster Meleagrina 
margaritifera (Lam.). The nacre is secreted by 
the mantle of the mollusc, and consists mainly of 
calcium carbonate (the orthorhombic modifica- 
tion corresponding with the mineral aragonite) 
associated with organic matter (up to 12% of 
conchiolin). On digesting the nacre in dilute 
acid, all the calcareous salt may be dissolved, 
a coherent pellicle of connective tissue being left 
which retains the iridescence rmtil distobed by 
pressure. The iridescence is due to the inter- 
ference of light reflected from the microscopic 
corrugated edges of the delicate layers of nacre. 
In consequence of its pleasing lustre, mother-of- 
pearl is largely employed for buttons, counters, 
card-oases, knife-handles, and a great variety 
of trivial ornaments. In trade three varieties of 
shell are recognised, viz. the white, the gold- 
edged, and the black-edged. Dark shells are 
known generally as “ smoked pearl.” The 
principal fisheries for pearl-shell are in Torres 
Strait, off the north-west coast of Western 
Australia, in the Sulu Archipelago, in the Persian 
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Gulf and Red Sea, and romd Tahiti and some 
other islands of the South Pacific. In the Bay 
of California and the Gulf of Panama mother-of- 
pearl shell is obtained from the Meleagrina cali- 
fornica (Cpr.), and passes in trade as “ huUock 
shell.” The brilliant shells of the Haliolis and 
certain species of Turbo are also used. Sec W. H. 
Dali, Amer. Nat. 1883, 27, 679 ; E. W. Streeter, 
“ Pearls and Pearling Life,” London, 1886 ; 
G. F. Kimz and G. H. Stevenson, “ The Book of 
the Pearl,” New York, 1908. 

L. J. S. 

MOTHPROOFING OF TEXTILES. 

Insects capable of destroying keratinous 
materials (wool, hair, feathers) may be divided 
into two classes, (a) the Clothes Sloths, of which 
Tineola bisselliella Hummel (the Common or 
Webbing Clothes Moth), Tinea pdlionella L. 
(the Case-bearing Clothes Sloth) and Tricophaga 
tapetzella L. (the Tapestry Sloth or White-tip 
Clothes Sloth) are the most common, and (i) the 
Dermestid Beetles, which are represented by 
Anthrenus scrophularim L.( the Common Carpet 
Beetle), Attagenus piceus Oliv. (the Black 
Carpet Beetle), and Anthrenus fascialus Herbst. 
(the Furniture Carpet Beetle or “ Woolly Bear ”). 
In both types of insect, eggs are laid by the adult 
female from which larvae hatch out. These feed 
on the keratins until eventually they pupate, 
and finally adult insects emerge. The time 
occupied by each stage varies considerably with 
the type of insect, temperatme, and conditions 
of feeding, but for more details of the life history 
papers by Titschack (Beitrago zu einer Slono- 
graphie der Kleidermotte, Tineola bisscUieJla, 
Z. fiir technische Biologic, Bd. X, Heft. 1-2, 
pp. 1-168, 1922) ; Austin and Hughes (British 
Museum [Natural History] Economic Pamphlet, 
No. 14, 1932); Benedict (Science, Now Series, 
1917, 46, 464) ; Herfs (Textilber. 1932, 13, 237) ; 
Clark (J. Text. Inst. 1928, 19, P295) and Back 
(U.S. Dept, of Agriculture, Farmers’ Bidlctin, 
No. 1346) should be consulted. Clothes moth 
larvae are able to utilise all keratins as food, 
and hence wool, furs, hairs, as woU as feathers 
and bristles, are attacked. Silk, cotton, and 
rayon are not eaten, although these fibres may 
be used to build pupa cases and are consequently 
occasionally damaged. “ Lanital ” (Glover, 
Nature, 1938,141, 1057) and “Nylon” are not 
attacked by clothes moths. It has been shown 
by Burgess and Poole (J. Text. Inst. 1931, 22, 
t 141) that keratins differ in their susceptibility 
to attack, the coarser fibres such as horse hair 
being less vulnerable than the finer ones. 
Similarly, the presence of certain extraneous 
materials, e.g., wool grease or human perspira- 
tion, on the fibres increases the possibility of 
destruction. ' In addition to keratins, Dermestid 
Beetles can digest proteins such as leather and 
the collagens, skin, cereals, and grain (Herfs, 
i.c.), and are also capable of damaginE ravons 
(Herfs, Textilber. 1936, 17, 689). 

_ The numerous methods of preserving kera- 
tmous materials from attack by insects may be 
classified as mechanical or chemical. Although 
certain of the latter imdoubtedly produce the 
niost permanent residts, the actual technique 
adopted is dependent upon a large number of 
considerations, of which the limitations imposed 


OF TEXTILES. 

by the character of the material or article to be 
treated are the most important. For example, 
furniture and most garments cannot bo proofed 
by any system which involves boiling, and hence 
there is still considerable value in some of the 
older and less efficient methods. 

Mechanical Methods.— Although of limited 
application, these are extremely useful, cspeciallj' 
for dealing with small amounts of material. 
Brushing and beating, accompanied if possible 
by exposure to direct sunlight, are often recom- 
mended for made-up garments, but are, of 
course, laborious and have no permanent 
proofing effects. To ensure satisfactory- storage 
after beating or dry cleaning — an operation 
which destroys all forms of insect life — the goods 
should bo wrapped in paper which the grubs can- 
not cat, or placed in air-tight containers. Any 
typo of tough paper is suitable and tho alleged 
superiority of newsprint is not bonio out by 
experiment (Clark, l.c.). Trunks lined irith 
cedar wood are frequently used for storage, 
although their effectiveness is duo to sound 
construction rather than to any toxic properties 
of cedar wood vapour (Back and Rabak, U.S. 
Dept, of Agriculture, Bureau of Entomology, 
Bulletin 1051). Cold storage at temperatures 
between 18^0°r. is more salisfactorj', but in 
general, this does not kill grubs, but merely 
reduces their activity (Back, U.S. Dept, of 
Agriculture, Farmers’ Bulletin, No. 1353). To 
kill tho insects it is necessary to submit them 
to two or three sudden changes in temperature. 
Exposure to hot sunh’ght or to superheated 
steam, hot ironing, or immersion in water 
(Prescott, Amor. Dyestuff Rop. 1937, 28, DO) at 
a temperature greater than 140 '’f. also kills 
moth iarvm but such treatments are seldom 
practical. A more recent method consists in 
exposing materials to tho radiation omitted by 
a resistance element heated electrically so ns to 
produce a maximum omission peak between 

8.000 and 10,000 A. (B.P. 486754). 

Chemical Methods. — Chemical compounds may 
bo employed cither ns a means of providing an 
atmosphere which is objectionable to insects, 
or to render keratins poisonous or indigestible. 
Reagents used ns fumigants must bo included 
in tho first catcgor3% although they offer no 
permanent protection and are mainly useful in 
destroying moths and larva) which have become 
a serious menace. Tho most effective fumigant 
is hydrogen cyanide (Back and Cotton, U.S. 
Dept, of Agriculture, Farmers’ Bulletin, No. 
1670) which is obtained by tho action of acids 
on sodium cyanide, by exposing calcium cj'anido 
to the air, or from cylinders containing liquefied 
hydrogen cyanide, and it is recommended to 
use 1 lb. of either calcium or sodium cyanide per 

1.000 cu. ft. of space to bo fumigated. On 
account of the deadly nature of hydrogen 
cyanide, amateurs are recommended not to use 
it, but to substitute sulphur dioxide [Burgess 
(J. Soc. Dyers and Col. 1936, 51, 86) advocates 
3-4 lb. liquid sulphur dioxide per 1,000 cu. ft.)], 
carbon disulphide (3-6-6-26 pints per 1,000 cu. 
ft.), or carbon tetrachloride and other halo- 
genated hydrocarbons [14 lb. per 1,000 cu. ft. 
(Cotton and Roark, J. Econ. Entomol. 1927,' 
20, 636)]. Other less volatile compounds which 
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have a similar action are popularly employed in 
preserving keratins from damage by insects, and 
include naphthalene [2-3 lb. in flake form per 
10 cu. ft. of space are necessary to ensure pro- 
tection (Clark, I.C.; Back, lx. No. 1352)] and 
paradichlorobenzene [1 lb. per 10 cu. ft. of 
space (Flint and McCauley, 111. Agr. Expt. Sta. 
Circ. 1937, 473, 3)]. Both these compounds are 
effective only in air-tight containers, or enclosed 
rooms, and are maMy useful for household 
purposes and in small storehouses. They may 
also he sprayed after dissolution in white spirit, 
alcohol or other volatile solvent. 

Non-volatile substances which are toxic to 
moth grubs or render keratin indigestible have 
been shown to be more effective than the above 
class, and the process of mothproofing is now 
considered to refer to the application of these 
compounds. An ideal mothproofing agent 
shoiiid render keratins permanently immime to 
attack by Clothes Moths and Dermestid Beetles, 
and its effect should preferably be imafiected by 
washing or dry cleaning. It should not modify 
adversely those properties of fibres which render 
them valuable commercially, or be excessively 
poisonous or objectionable to human beings. It 
should be non-staining, and should not affect the 
dyeing properties of keratin either regarding 
fastness or shade, or alter the colour of dyed 
articles. Finally, the operations involved in its 
application should be simple and the cost low. 

Inorganic compounds of this type often con- 
tain fluorine, and considerable protection is 
afforded by impregnation with hydrofluoric acid 
or its salts (Musser, J. Kansas Entomol. Soc. 
1936, 9, 116), including the more complex com- 
poimds of the general formula MF(HF)n (B.P. 
295742), where M represents a metal, although 
sodium sUicofluoride, especially if applied along 
with aluminium sails is more satisfactory 
(Minaeff and Wright, Ind. Eng. Chem. 1929, 
21, 1187). Proofing is effected either by spray- 
ing with a cold saturated solution or by im- 
mersion in a 0-5% solution (Burgess, l.c.). As 
the rmion between keratin and sodium silico- 
fluoride is not particularly firm, the proof is 
not fast to washing (Sprankle and Slaubaugh, 
Text. World, 1937, 87, 2015). It is claimed that 
In a process using chromium fluoride (B.P. 
413445) in which the material is immersed for 
20 minutes at 180°r. in a solution containing 
3% of the salt on the weight of the goods, 
squeezed and dried at about 90°o., the chromium 
and fluorine are chemically fixed to the keratin. 
Actually the fluorine is not very firmly attached 
as most of it is removed by washing, but the 
fastness is greater than is the case when sodium 
fluoride or sodium sUicofluoride is used (Hartley, 
Elsworth, and Barritt, J. Soc. Dyers and Col. 
1943, 59, 266). The chromium is firmly held 
and may be partly responsible for the consider- 
able fastness to washing of the mothproof effect 
realised by chromium fluoride. Unfortunately 
the keratin is coloured green, but this defect 
may be overcome by replacing chromium 
fluoride by a mixture of chromium and antimony 
fluorides (B.P. 454458) in the ratio of 4:1. 
Keratins treated in this manner are not attacked 
either by Clothes Moths or by Dermestid Beetles. 
Good fastness to washing is also claimed for the 


proof obtained by the following processes : (o) A 
reagent prepared by the addition of triethanol- 
amine to a slight excess of fluosilicic acid, followed 
by the addition of aluminium sulphate and a 
wetting agent, is diluted and applied to wool so 
that 0- 1-1-0% of solids are deposited (B.P. 
509676). .(b) Wool material is impregnated with 

a solution of a fluosUicate of a polymeric nitrogen- 
containing compound (e.g., a methylamine- 
phenol-formaldehyde resin) which is insoluble in 
water and in 5% ammonia, but soluble in 2% 
acetic acid, and capable of forming a coherent 
film. The fabric is then heated to at least 100°c. 
to render the fluosUicate insoluble (U.S.P. 
2163104). It has recently been shown (Hartley, 
Elsworth, and Barritt, l.c.) that if 0-2-0-3% of 
fluorine [determined by the method of Elsworth 
and Barritt (Analyst, 1943, 68, 298)] is present 
on cloth, it may be considered to be satisfactorUy 
proofed. To ensure this, the ammmt of reagent 
in the proofing solution must be varied according 
to the pH of the liquor; for example, as the 
acidity of the wool increases more potassium bi- 
fluoride is required to give the necessary fluorine 
content to the wool. Arsenites (Sprankle and 
Slaubaugh, l.c.) and other arsenic compounds 
have also been used for mothproofing, but their 
use is limited on account of their toxicity to 
human beings. 

Organic compounds also have found consider- 
able application in mothproofing. Natural ex- 
tracts such as those from derris and cube roots, 
the active principle of which is xotenone (Cabn 
c< al., J.S.C.1. 1934, 53, 42t ; 1935, 53, 37t ; 1937, 
56, 91t ; Tattersfield, Ann. Appl. Biol. 1923, 
10, 1 ; 1936, 22, 578 ; 1936, 23, 880), have the 
property of bringing about a general paralysis 
of moth larvre, but since there is a great tendency 
for derris extracts to lose their activity during 
exposure to air, the many proprietary prepara- 
tions containing these mixtures often cannot be 
relied upon (Burgess, l.c.). Pyrethrum extracts 
obtained from the flowers of Ghrysanthtmum 
cinerarieefolium, and containing active principles 
termed pyrethrin I and pyrethrin II (HartzeU 
and Wilcoxon, Contr. Boyce Thompson Inst. 
1932, 4, 107; 1935, 5, 115; 1936, 8, 183), are 
also used, but like compositions containing 
alkaloids (Jackson and Wassel, Ind. Eng. 
Chem. 1927, 19, 1117 ; Minaeff and Wright, l.c.), 
they cannot be classed as mothproofing reagents 
of the first order. 

The most successful organic compounds are 
synthetic and are often closely related to dyes, 
being applied in a similar manner. It has been 
shown (Clark, l.c.) that wool dyed with Naphthol 
Yellow or Martins Yellow is not attacked by 
Clothes Moths, and therefore these reagents can 
be used for mothproofing when the yellow colour 
of the material is of no consequence. For more 
general use, other compounds, which may be 
considered to be colourless dyes, have been 
developed, and they are the basis of many 
modern mothproofing agents. Their large mole- 
cules are constituted so as to ensure firm attach- 
ment to the keratin together with toxicity to 
moth larvse, the latter being accomplished by 
the incorporation of halogen atoms. Among 
the more common types of compound for appli- 
cation in the same way as acid dyes are members 
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of the pentachlorodihydroxytriphen34methane- 

svdphonic acid series (Herrmann, Amer. Dye- 
stuff, Rep. 1940, 29, 639), specific examples 
of 'wlfich are 2:4:6:3':5^-pentachloro-3;2'-di- 
hydroxy-4"-triphenylmethanesulphonic acid and 
3;5:6:3':5' - pentachloro - 2:2' - dihydroxy - 2" - 
triphenylmethanesulphonic acid. Tetrachloro-, 
hexachloro-, and heptachloro-triphenylmethane- 
sulphonic acids also have mothproofing proper- 
ties, and nitro compounds, e.g., 2:4:6:3':6'- 
pentachioro - 3:2' - dihydro^ - 4" - nitrotri - 
phenylmethane have a similar toxicity (B.P. 
383493). Certain of the diphenylmethano de- 
rivatives are also useful (U.S.P. 1910938). For 
application from neutral solution, aromatic 
compounds of high molecular -weight containing 
one or more pentavalent nitrogen atoms, and 
formed by condensing derivatives of di- or tri- 
phenylmethane -with jS-chlorotriethylamine and 
subsequently treating -with dimeth 5 d sulphate, 
may be used (B.P. 483368), whilst the phos- 
phonium compounds, e.g., triphenyldichloro- 
benzylphosphonium chloride (U.S.P. 2082188), 
are employed in the same manner. Sulphur 
compoimds have mothproofing properties, especi- 
ally sulphonium salts of the general formula 
SR'R"R'"X in which R', R", and R'" aro 
aromatic residues which may bo substituted or 
linked together in specified ways, and X is the 
radical of an inorganic acid, e.g., triphcnylsul- 
phonium chloride and 5-phenylthianthrcnium 
chloride (B.P. 487804), substituted arylsulphonic 
esters R'-SOj’OR", where R' is a halogen- 
substituted benzene radical and R" nn aiyl 
radical which may bo substituted -vrith halogen 
or alkyl (B.P. 491434), and mercaptals, e.g., the 
p-chlorophenyl mercaptal of acetophenone (B.P. 
491182). Derivatives of thiourea including 
phenylthiourea, o-acetyl-fi-phenylthiourea, and 
a-oleyl-|3-phenylthiourea aro eScctivo when 
applied from solution in organic solvents, 
(U.S.P. 1976408), as are derivatives of thi- 
anthrene (B.P. 467701), halogenated sulphides, 
e.g., 4:4'-dich]orodiphenylsulphide (Siriss P. 
203306), and halogenated diaryl-sulphones or 
-sulphoxides, e.g., 4:4'-dichlorqdiphonyl sul- 
phoxide (B.P. 484448). Finally, mention should 
be made of an important group of mothproofing 
reagents (B.P. 324962), represented by the 
general formula R-SOj'NH-R-SOg-NRjRj, 
where R is an aromatic nucleus, and Rj and R'o 
are hydrogen, alkyl, aiyl, or aralkyl groups, the 
following being specific examples : bis-i-hiomo- 
benzenesulpho - l';3' - phenjdonediamide and 
l:2:5-triohlorobenzene -4 - sulpho - 4':C'-dichloro- 
phenol - 2' - sulpho - 1":3" - phenylenediamido. 
Other classes of compounds which -have been 
suggested for mothproofing include alkyl iso- 
cyana4es (B.P. 512322) ; orga-nic compounds 
containing arsenic, bismuth, tin, or antimony 
(U.S.P. 1766819); derivatives of phthalic acid 
(F.P. 713082); aryl sulphonamides (B.P. 
407366) ; compounds containing nitrogen Unked 
to pentavalent phosphorus, e.g., p-tolyloxyphos- 
phindiamide (B.P. 500386) ; organic compounds 
containing fluorine (B.P. 452679 ; 333683); cer- 
tam aromatic hydroxy compounds, e.g., 4- 
methylcyciohexylphenol (B.P. 495639) ; deriva- 

ro^M sfilt of N,N'-bis 

L2-(4 - chloro - 2 - isopropyl - 6 - methylphenoxy)- 

VOL. VIII._16 


6-sulphophenyl] urea (S-wiss P. 210973) ; com- 
pounds of the t 3 rpe R’CO‘R'(X,!)‘OH where R 
is an alkyl residue with more than four carbon 
atoms, R' is an aryl residue and X is a halogen 
(B.P. 474600) ; non-dyeing substances contain- 
ing the group — NR— X=Y where X represents 
nitrogen or carbon, Y represents nitrogen, carbon 
or a nucleus, and R represents hydrogen or an 
acid group, or a hydrocarbon radical, e.g., diazo- 
aminobenzeno, pyrazolone (B.P. 238287), and 
o-hydroxj'carbo.xylic acids in which the para 
position is occupied by halogen or sulphur, e.g., 
4 - chloro - 2 - hydroxybonzoic acid. Further 
examples of the overwhelmingly largo number 
of compounds which have been claimed to have 
mothproofing properties may bo found in the 
Indexes of Mothproofing Compoimds compiled 
by Roark (U.S. Dept, of Agriculture, Bureau of 
Entomology and Plant Quarantine, Division of 
Insecticide Investigations, 1931, 1933, 1936) and 
in the Annual Reports of Applied Chemist r 3 -. 
Fibres, Textiles, and Cellulose. 

Many of the above compounds have been 
utilised eommercially and the properties of a 
number of excellent mothproofing agents which 
have been marketed are described in detail in 
the technical literature (Clark, J. Text. Inst. 
1036, 27, P3S9; J. Soo. D 3 'crs and Col. 1943, 
59, 213, and trade bulletins). 'The active com- 
ponents of some of the better luiown commercial 
products are • aluminium ammonium double 
fluoride (“ Eulati Extra ”), potassium hydrogen 
fluoride {" Eahn 11’ Extra"), l-hj'droxj'-d- 
chloro-O-mcthyl-2-bcnzoic acid ('* Eulan EH ” 
and " Eulan EIIF ”), 2:2'-diIiydro.x3’.3:5:3':5'- 
tetrnchlorotriphcnj']mcthnno-2"-sulphonic acid 
{"Eulan N"), 3:2'-dihydro.\-j^-2:4:6:3':5'-pentn- 
chlorotriphcnjdmethano - 4" - sulphonic acid 
(“ Eulan ON extra "), triphcnjddichlorobenz}’!- 
phosphoniuin oxide (“ Eulan NK ") (Clark, 
ibid. 1913, 59, 213), and 



{"Mitin FF") (Laugor, Helv. Cliim. Acta, 1944, 
27, 71). D.D.T. |,aa-di-(p-chlorophenyl)-j3j3fi- 
trichloroethano] has also been shown {idem, ibid., 
p. 892) to bo effective in dcstro 3 dng clothes-moth 
larval, and may be used cither ns a dusting 
powder or dissolved in organic solvents. 

A completely different principle is embodied 
in a method of proofing developed by Geiger, 
Kobayaski, and Harris (J. Res. Nat. Bur, 
Stand. 1942, 29, 381). The aim is to replace the 
•S'S' cross linkings in the wool molecule b 3 ’- 
more stable ones and so to reduce the suscepti- 
bility of the fibre to attack, for it is believed 
(Lindorstrom-Lang and Duspiva, Nature, 1935, 
134, 1039) that fission of the disulphide linldngs 
is involved in the digestion of wool by clothes- 
moth larvte. The process consists of nn initial 
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treatment witli calcium thioglycoUate at pH 5 
for 2 hours, and alkylation with alkyl dihalide, 
e.g,, methylene dibromide, for 2 hours at pH 8. 
The reactions which take place are shown in the 
following equations. 

RSSR+2HS-CH2C02H 

-> 2RSH + S-CH2-COaH 

SCHa-COgH 

2RSH+[CH2VX2 RS-[CH2VSR+2HX 

(R=part of wool molecule connected by disul- 
phide linkings, X=halogen.) 

It is possible that some formation of new 
cross li nkin gs also occurs in the method of 
treating wool with l-0-l'5% formaldehyde solu- 
tion of pH less than 1 at 35°c. for 20 hours and 
rinsing {B.P. 649362). 

In recent years efforts have been made to 
standardise a test by which the merits of moth- 
proofing preparations may be assessed, and a 
tentative standard has been published in the 
United States (Soap, 1940, 16, Oct., p. 97), 
which consists in exposing a treated pattern to 
a number of carpet beetle larva under fixed 
conditions and weighing the amount of excre- 
ment produced. Beetle larva are preferred to 
moth larva on account of their greater resistance 
to external changes, but satisfactory routine 
testing may be conducted with moth larva 
(Moore, Ind. Eng. Chem. [Anal.], 1930, 2, 365; 
WheweU, Text. Eeoorder, 1941, 59, June, p. 39 ; 
Hartley, Elsworth, and Barritt, l.c.). 

0. S. W. 

MOTTRAMITE (v. Vol. Ill, 660b). 

MOULDS (u. Vol. V, 48b). 

MOUNTAIN ASH or ROWAN, Sorhus 
aucwparia L. (Pyrus aucuparia Ehr), a tree with 
pinnate leaves and corymbs of white flowers 
which are followed by red berries about one- 
sixth of an inch in diameter. Although common 
in Europe and Asia, the fruit is not used to any 
great extent; it is acid and astringent. Some 
other sub-varieties are kno^vn which produce 
larger and sweeter fruit, e.g., var. dulcis. The 
leaves are stated to contain methylpentosans 
and the flowers to contain trimethylamine. 
The bark contains tannin and amygdahn (L. 
Eosenthaler, Arch. Pharm. 1926, 263, 561) and 
also gives a gum containing sorban from which 
sorbose has been obtained by hydrolysis (E. O. 
von Lippmann, Ber. 1920, 53 [B], 2069). A 
general analysis of the bark has been made by 
C. G. Danoff and J. Zellner (Monatsh. 1932, 59, 
307) who give the following percentage com- 
position of the dry matter : 


Water soluble 

. . 18-26 

Soluble polysaccharide . . 

. . 0-37 

Invert sugar .... 

. . 0-41 

Tannin 

. . 4-47 

Total nitrogen 

. . 1-65 

Crude fibre .... 

. . 42-27 

Pentosans .... 

. . 11-24 

Methyl-pentosans 

. . 1-16 

Ash 

. . 4-62 


Higher alcohols of the “ ceryl alcohol ” type 
have been found present in the bark and in the 
frmt together with related compounds and fatty 


acids (see also A. Jermstad, Pharm. Acta Helv 
1933, 8, 69). 

The percentage compositions of the fruit of 
Sorbus aucuparia and of its variety dulcis are 
given by Wehmer as follows : 


S. aucuparia. Var. dulcis. 


Water 

. 72-5 

63-6-76-4 

Total sugar . . 

. 6-5-6-2 

8-0-13-4 

Invert sugar 

. 4-7-5-8 

8-0 

Malic acid . . 

. 2-0 

1-6 

Nitrogen-containing sub- 


stances 

. 0-9-1-0 

1-5 

Fibre .... 

. 2-2-2-7 

3-2 

Ash .... 

. 0-7-0-8 

0-8 

Soluble extract . 

20-22 

16-2 

Tannin . 

. 0-2-0-3 

0-2 

Insoluble 

. 6-5-8-6 

9-3 


The fruit contains considerable quantities 'of 
ascorbic acid, values between 35 and 90 mg. per 
100 g. have been found present by workers in 
different localities (M. A. Boas Fixen, and M. H. 
Roscoe, Nutr. Abs. 1939-1940, 9, 836). The 
fruit also contains sorbitol, which gives rise to 
sorbose on fermentation : the sorbose which 
has at times been reported present in the fruit 
has in aU probability arisen in this manner. 
Malic, citric, tartaric, and succinic acids have 
been variously reported present (e.g. E. 0. von 
Lippmann, Ber. 1922, 55 [B], 3038), but accord- 
ing to other workers, the acid is chiefly malic. 
The nature of the acids and the relative propor- 
tions present may vary with the variety of 
fruit and the state of ripeness. 

The fruit is of chief interest in containing 
Sorbic Acid, l:3-pentadiene-l-carboxylio acid, 
CH 3 ’CH:CH-CH:CH'C 02 H, which was iso- 
lated by 0. Doebner (Ber. 1894, 27, 344). 

The seeds of the mountain ash fruit contain 
about 22% of a fatty drying oil and also small 
quantities of hydrogen cyanide (0-07%). Ac- 
cording to Lewkowitsoh the oil has the following 
properties : 0-9137, 1-4763, sap. val. 208, 

iodine val. 128. The insoluble fatty adds have 
iodine val. 127 and neutr. val. 230. 

A. P. 

MOUNTAIN - CORK, - FLAX, 
-LEATHER, -WOOD (v. Vol. I, 499d). 

MOWRAH BUTTER (e. Vol. I, 663a). 

MUCIC ACID, 


HOoC— C C C C— COoH 

I I I I 

OH H H OH 

is the dicarboxylio acid obtained from galactose, 
by oxidation with nitric acid (p 1-16) at 80°. 
Commercially it is prepared from larch sawdust 
by hydrolysis and oxidation with nitric acid. 
Other galactose-containing materials (lactose, 
gum arabic, pectin) may also be used. 

Decomposition occiirs on heating, and the 
melting-point has been variously reported 
(213°, 222°). It is optically inactive (internally 
compensated), slightly soluble in water, in- 
soluble in alcohol. It is soluble in aqueous 
alkali, forming salts. It forms a dimethyl ester 
(m.p. 205°) and a diamide (m.p. 220° decomp.). 
Dry distillation yields pyromucic acid (furan-a- 
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carboxylic acid) and gaseous decomposition pro- 
ducts. Oxidation -ndth permanpnate gives 
jnesotartaric acid and oxalic acid. The for- 
mation of mucic acid is frequently used to 
estimate galactose, galactonic acid,' and gal- 
acturonic acid residues in admixture ndth other 
sugars (see C. Uor^e, ** Methods of Cellulose 
Chemistry,” Chapman and Hall, 1933). 

It has been used (in place of tartaric acid) in 
baking powder, in soft drinks, in ice-cream, and 
in mordant dyeing. It is said to be safe for 
consumption by diabetics. 

G. T. Y. 

MUCILAGES are viscous colloidal solu- 
tions, fermentible, optically active, and precipi- 
tated by alcohol and salt solutions but not by 
heating (Gfral, B. 1930, 211). The colloid in 
solution is a naturally occurring carboh 3 'drate 
material (a. Gums) of complicated formula, 
e.g., gum arable (Vol. I, lid, 142d). The seed 
mucilages of cress, white mustard, and quince 
consist of a network of hydrated cellulose 
micelles interspersed with more heavily hydrated 
monide chains. Linseed mucilage, however, is 
non-ceUulosic (Bailey, Biochem. J. 1936, 29, 
2477). Mucilages are also prepared from gum 
tragacanth, from starch, and from roots (Marsh 
MaUow, Vol. I, 263d; Salep, Vol. H, 302d). 
Their applications include use as adhesives, as 
emulsifying agents (B.P.C. 1934, 1214 ; Vol. IV, 
286c) and in the manufacture of piUs ; some are 
also prescribed as deimdcents. For the bio- 
logical importance of algal mucilage, see Do 
■Wildeman, Bull. Acad. roy. Belg. 1939, [v], 25, 
608. 

J. N. G. 

MUCINS (v. Vol. VI, 21c, 26o). 

MUCONIC ACID, /li'3-{)!(/adtenc-l:4-dt- 
carboxylic acid, 

H02C-CH;CHCH:CH-C02H 

Ingold (J.C.S. 1921, 119, 958) prepared the 
Irans-trans isomer from j3;8'-dibromoadipic acid 
and by other methods, obtaining the acid as 
sparingly soluble crystals, m.p. 301-305° (298°, 
Boeseken). Farmer et al. {ibid. 1923, 123, 
2531 ; 1934, 1940) separated two isomeric methyl 
muconates, m.p. 156° and 75° respectively; 
from the latter they obtained cis-cis-muconic 
acid, m.p. 187°. Boeseken et al. obtained this 
acid in 62% yield by oxidising phenol with 
peracetic acid (Proc. K. Akad. IVetensch. 
Amsterdam, 1931, 34, 1292), a process they 
regard as the simplest transition from an 
aromatic to an ahphatic compound. Drum- 
mond and Finar (Biochem. J. 1938, 32, 79) 
administered benzene to rabbits and observed 
the excretion of trans-frans-muconic acid in the 
urine. This biological oxidation, for which a 
complete proof is not claimed, has not been 
imitated in vitro. Knaggs and Lonsdale (J.C.S. 
1942, 417) found tbat methyl irans-trans- 
muconate behaved like an aromatic compound 
as regards its magnetic and optical properties. 

J. N. G. 

MUGUET {v. Vol. VII, 3116). 

'^l^LBERRY. Trees of the genuB' Morns, 
the Common or Black Mulberry, Morns nigra, 
bearing dark purplish-red fruits which consist of 


a number of single seeded ovaries connected 
together by enlarged pulpy calyces. As the 
fruit keeps in good condition for only a very 
short time after gathering, it is not of commercial 
importance: in the U.K. the tree is usually 
grown in private gardens and for ornamental 
purposes. Morns rubra, a North American 
species, bears dark red fruits inferior in quality 
to those of the Common JIulberry. The species 
of greatest commercial importance is the VTiite 
Mulberry, Morns alba, which is grown exten- 
sively in the Mediterranean coimtries, in Asia, 
and in the U.S.S.R. as the leaves are the principle 
food of the silk-worm. The fruit is insipid and 
not generally eaten. 

Morns nigra. — ^Bj' reason of its relative un- 
importance as a commercial crop, the fruit 
appears to have been little studied. Its general 
percentage composition is as follows (Jiidnig- 
Bomer) : 


"Water. 

Invert sugar. 

Free add 
(as malic). 

84-7 

9-2 

1-9 

Nitrogenous 

substances. 

Pectin. 

Asli. 

0-36 

2*0 

0-57 


The leaves are rich in calcium carbonate (2-3% 
of tho drj' substance) and the ash, which amounts 
to 3-4% of the dry substance, may contain up 
to 25% of silica. Adenine, aspartic acid, and 
considerable amounts of glucose have been 
found present in tho leaves. Tho wood is used 
to some extent for inlays and veneers and it is 
rich in tannin. 

Morns alba . — ^Tho nutrition of tho tree and 
tho effect on tho composition of tho loaf has 
been extensively studied from tho sericullural 
point of view in Japan and in tlio U.S.S.R. 
(e.g., Y. ICishi, J. Agric. Chom. Soc. Japan, 
1933, 9, 49, 160, 397, 412 ; BuU. Agric. Cliem. 
Soc. Japan, 1936, 11, 70-77 ; Y. Imamura and JI. 
Furuya, Bull. Sericult. Japan, 1932, 4, 7; Iv. 
Suda, ibid. 1938, 10, 89). Tho relations be- 
tween tho composition of the diet fed to tho 
larvm and tho resultant silk production have 
been investigated and it has been found that tho 
accumulation of protein in tho larv.'c is greatly 
dependent upon an adequate aniomit of carbo- 
hydrate in tho leaf. It has been recommended 
that tho yield of silk is greatest when tho larvro 
are bred on leaves containing 3-4% of carbo- 
hydrate at tho first instar period and 4-5% at 
tho second instar. Additional carbohydrate fed 
■with tho mulberry leaves is also used to bring 
about an increase in tho silk production. 

The composition of tho leaves of the V^iito 
Mulberry has been given by 0. M. Efimenko 
(Biokliim. Krd’tur, Rastonii, 1940, 7, 621, 623) 
who determined tho main constituents ns tho 
leaves matured; the nitrogenous constituents 
decreased with increasing age. The figures are 
expressed as percentages of the drj'- weight : 

Total Protein 

nitrogen nitrogen. Crude fat. 

3-19-5-26 2-98-4-50 4-26-4-77 

Crude cellulose. Carbohydrate. Asli. 

9-39-1 M9 9-24-10-40 10-2I-I4-4G 
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According to A. ITujita and T. Ebihara (Bio- 
chem. Z. 1939, 300, 143), the leaves are very 
rich in ascorbic acid, containing 240 mg. per 

100 g. 

The ash of the leaves and of the ivood is rich 
in calcium, as shown by the following values 
for the percentage composition of the ash : 

CaO. NajO, MgO. SiOj. SOj. Cl. j 

Leaves. 47 3-5 5-10 37-7 3-4 1-2 j 

Wood . 54-5 13-7 — 3-4 9-8 4-7 

The seeds contain a fatty oil amounting to 33% 
by extraction for which the following values 
are given: p 0-926, sap. val. 190, iodine val. 
140, Reichert-Meissl vM. 0-36. The fatty acids 
present are chiefly liquid fatty acids (80%). 

A. P. 

MULBERRY PAPER. The bast fibres of 
Broussonetia papyrifera (Fam. Moracese), a tree 
native in eastern Asia, when treated with alkalis 
and bleached yield a satisfactory paper pulp 
containing 90% of a-ceUulose (B. 1937, 26, 768). 
A fabric “ tapa ’’ is made by matting the fibres. 

J. N. G. 

MULHOUSE BLUE. Diphenylainine Blue. 
Methyl Blue. Paris Blue.* Names formerly in 
use for triphenylpararosaniline hydrochloride 
(c/. Rowe, “ Colour Index,” 1924, Nos. 688, 706). 

J. N. G. 

M U L L I T E, aluminium silicate, 
3Alj03,2Si0s, 

an important refractory material and a con- 
stituent of porcelain. The high-temperature 
diagram of the system AljOs-SiOj reveals only 
this compound; but AIjSiOg is of abundant 
occurrence in nature as the trimorphous minerals 
sfilimanite (fibroUte), andalusite, and kyanite. 
At a high temperature (1,370-1,545°) these 
break down into a mixture of mullite and 
silica (as glass, cristobalite, or tridymite), and 
they are so employed, together with other 
alumino-silicates (kaoUnite, topaz, dumortierite, 
etc.) in the manufacture of mullite. At a still 
higher temperature (1,810°) mullite itself breaks 
down to alumina (corundum) and silica. The 
“ sfilimanite ” prepared by Sainte-Claire Devfile 
and Caron in 1865 and later by other workers, 
and also the crystals noted in porcelain, appear 
in all cases to be mullite formed at a high tem- 
perature. A “ sfifimanite ” occurring in baked 
fragments of aluminous slate caught up in 
molten igneous rook on the hland of Mull has 
also been shown to have the composition 
3Al2032Si02, and for this reason the name 
mullite was introduced by Bowen, Greig, and 
Zies in 1924. The acicular crystals of mullite 
are orthorhombic with a perfect pinacoidal 
cleavage (010), and they show no essential 
difference in their crystallographic, optical, and 
'A'-ray data from sfifimanite. The composition 
of some mullite has been given as 2Al203,Si02, 
and it would seem that the material is realty 
sfifimanite containing an excess of alumina 
in solid solution. An analogous case is given 
by the artificial spinels which may range in com- 
position from Mg0,Al203 to Mg0,5Al203. 

• Paris Blue may denote Prussian Blue (v. Tol. n. 

5c: m. i73J, c). 


Be/ercnces.—H. L. Bowen, 3. VT. Greig, andE. G Zies 
J. 'VTaslungton Acad. Sci. 1924, 14, 183 ; N. L. Bowm 
and J. W. Greig, J, Amer. Ceram. Soc. 1924, 7 238 • 
A. B. Peck, Amer. Min. 1924, 9, 123 ; 1925, 10, 253 ’• ' 
J. Amer. Ceram. Soc. 1925, 8, 407 ; H. P. Eooksby 
and J. H. Partridge, Trans. Soc. Glass Technol. I 939 
23, 338. 

L. J. S. 

MULTIFLORIN (v. Vol. HI, 656c). 
MULTIFUNCTIONALADDITIVES(u 
Vol. Vn, 391d, 4036). 

“ MUMETAL ” (V. Vol. VH, 4586). 

M U N D I C (v. Vol. Vll, 56a, 62a). 

MUNJEET or MANJEET. The Fu6io 
cordifolta Linn, was formerly extensively culti- 
vated in India, particularly in the mountainous 
districts, for the sake of the colouring matters 
contained in its stem or roots. 

By extracting the ground dyestuff with boiling 
alum solution, Stenhouse (j^omalen, 1864, 130. 
325) isolated purpurin, the main colouring 
matter, and an orange dye, termed munjistin, 
orange leaflets, m.p. 231°. The latter was subse- 
quently shown by' Schunck and Roemer (Ber. 
1877, 10, 172, 790; J.C.S. 1877, 31, 666; 1878, 
33, 422) to be identical with purpuroxanthin- 
carboxylic acid (l;3-dihydroxyanthraquinone-2- 
carboxyfic acid), the synthesis of which was 
effected hy Mitter and Biswas (Nature, 1930, 
126, .761; 1931, 127, 166; Ber. 1932, 65 [B], 
622).' 

Perkin and Hummel (J.C.S. 1893, 63, 1167) 
examined munjeet and detected the presence of 
a trace of purpuroxanthin in addition to the 
above constituents. 

Munjistin is also present in madder and, 
together with purpurin and purpru-oxanthin, in 
the Ruhia sikhimensis Kurz. which is closely 
allied botanicaUy to the Rubia cordifolia (Perkin 
and Hummel, l.c.). 

Dyeing Properties of Munjeet. — ^The deep red 
aqueous extract of the ground munjeet is used 
generally to dye coarse cotton fabrics, or the 
thread which is to be woven into such fabrics, 
various shades of scarlet, coffee brown, or mauve. 
The red and chocolate shades of East India 
chintzes were formerly entirely obtained from 
munjeet. Alum appears to be generally em- 
ployed as a mordant. The colours produced 
from munjeet are bright, but not so durable as 
those from madder (Watt’s “ Dictionary of the 
Economic Products of India,” 1892, Vol. VI, 
Part I, p. 574). 

E. J. C. 


MUNJISTIN (v. Vol. V, 4166; VH, 437o). 

MUNTEN ITE (v. Vol. L 302d). 

MUREX. Purple of the Ancients. Tyrian 
Purple. Ci6H802N2Br2. This celebrated 
“ imperial ” dye of antiquity was obtained from 
rock whelks found on the Mediterranean shores, 
chiefly Murex brandaris and M. trunculus 
(Vol. VI, 452c). These moUusos secrete a 
yellowish liquid from a small gland which on 
exposure to fight develops a reddish-violet 
colour owing to the formation of an insoluble 
dyestuff. SUk was dyed by a kind of vat pro- 
cess which was very costly since 12,000 molluscs 
contain only 1-4 g. of dyestuff. This art of 
dyeing was lost about the twelfth century. 
Medlander (Ber. 1909, 42, 765) showed that 
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the dyestuff from M. brandaris was identical 
with 6:6'-dibromoindigotin, which, however, is 
inferior to the vat dyestuffs now in use and is not 
manufactured. 

J. N. G 

MUREXIDE. Ammonium Hydrogen Pur- 
purate, CgHgOgNe.HaO. Murexide is the name 
given by Liebig and Wohler (Annalen, 1828, 26, 
319) to the substance responsible for the deep 
purple coloirr produced when a solution of uric 
acid in nitric acid is evaporated and the residue 
treated with ammonia or an ammonium' salt; 
this reaction constitutes the well-lmown test for 
uric acid and related purines (c/. Fischer, Ber. 
1897, 30, 2236). Murexide was first obtained 
crystalline by Prout (Ann. Chim. Phys. 1818, 
[u], 11, 48). It is the ammonium salt of a dibasic 
acid, purpuric acid, which is Imown only in ad- 
mixture with ammonium chloride as an orange 
powder prepared by the action of diy hydrogen 
chloride on a suspension of murexide in hot 
anhydrous acetic acid (^lohlau and Litter, J. pr. 
Chem. 1906, fii], 73, 449 ; acidification of salts of 
purpiuric acid \vith aqueous acids causes 
hydrolysis with formation of alloxan, mramil, and 
alloxantin. 

Preparation. — ^Murexide is formed (1) from 
uric acid as described above (Prout, l.c. ; Liebig 
and Wohler, l.c.), (2) by oxidation of uramil with 
mercuric oxide in the presence of ammonia 
(Beilstein, Annalen, 1858, 107, 176), or by direct 
condensation of uramil "with alloxan (Mohlau 
and Litter, l.c.), (3) from alloxantin or alloxan, 
or a mixture of alloxan and ammonium dialurato 
by the action of ammonia or ammonium salts 
under a variety of conditions (e.g., Piloty and 
Finckh, Annalen, 1904, 833, 22 ; Hartley, J.C.S. 
1905, 87, 1791), (4) by the action of amino-acids 
on alloxan or alloxantin (Strecker, Annalen, 
1862, 123, 363; Traubc, Ber. 1911, 44, 3145). 
The yields or purity of the product obtained by 
the above methods render them unsuitable for 
preparative purposes (c/. Kuhn and Lyman, Ber. 
1936, 69 [B], 1547) ; the method of preparation 
described by Davidson (J. Amor. Chem. Soc. 
1936, 58, 1821) is to be preferred. A suspension 
of 16-1 g. finely powdered alloxantin in 1,600 c.c. 
glacial acetic acid is treated vuth 80 g. am- 
monium acetate with continued boiling for 
1—2 minutes. The precipitated murexide is 
filtered, washed successively with acetic acid, 
alcohol, and ether, and dried; the crude pro- 
duct thus obtained can bo purified by dissolving 
in water and salting out with ammonium 
chloride ; after washing with 60% methyl 
alcohol and drying at 110° a 70% yield of pure 
murexide is obtained. 

Constitution . — The constitution of murexide 
and of purpuric acid were formerly the subject 
of much controversy (see Piloty and Fincldi, 
l.c. ; Mohlau and Litter, l.c. ; Hartley, l.c . ; 
Hantzsch and Robison, Ber. 1910, 43, 92). The 
structme accounting best for the formation of 
murexide in the various ways described, and for 
its behaviour, is that proposed by Slimmer and 
Stieglitz (Amer. Chem. J. 1904, 31, 661), and 
this IS now generaUy accepted (c/. Kuhn and 
Lyman, l.c. ; Davidson and Epstein, J, Org. 
Chem. 1936, 1, 305; Winslow, J. Amer. Chem. 
Soc. 1939, 61, 2089) : 
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Murexide. 


Murexido crystallises in short, four-sided, 
gamet-red prisms with gold-green reflex. It is 
sparingly soluble in cold, more readily so in hot 
water, insoluble in alcohol or ether. Tho 
absorption spectrum of the aqueous solution 
shows tlu-ce bands with maxima at 520, 320, 
and 245 in/r., with e =12-2x10^, 7-OxlO®, and 
15-9x10® respectively (Kuhn and Lj'inan, l.c.). 

The purity of murexide specimens can bo 
determined by titration with sodium hydro- 
sulphite, which reduces murexide to a dihydro- 
compound with satmration of tho azomethino 
Unkngo; tho Icucomurexidc is a buff, raicro- 
crystaUino powder which in aqueous solution is 
readily rc-o.xidiscd to murexide either b}' atmo- 
spheric o.xygcn or by potassium fcrricyanido 
(Kuhn and Lyman, l.c. ; Davidson, l.c.). 

Murexide was formerly used to dj'o silk, vyool, 
cotton, and leather in the presence of mercuric 
or zinc salts, but owing to the fugitivcncss of tho 
colours produced, its use for tins purpose has 
been abandoned. 

MetaUic salts of purpuric acid can bo prepared 
from murexide by double decomposition ; thej’’ 
often have cbarncteristic colours. Salts with 
organic bases are also Icnown ; inethylamine 
purpuralc, prepared by tho action of methyl- 
amino on alloxan and alloxantin, forms red 
microscopic rhombic crystals, loses water at 
110° and decomposes at 210°. 

Other derivatives of purpuric acid arc : 
ammonium \:2.dimclhylpurpuratc. 
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formed from l;3-dimothyliu-amil and alloxan in 
tho presence of ammonium carbonate; and 
ammonium Y'.y-dimetliylpurpuratc, 


NH 

XX 

CO C— ONH, 


NMe 




CO 


NH 


-N: 


rC NMe 

XX 

CO 


similarly obtained from uramil and l:3-dimothyJ- 
aUoxan. Murexdin (1:3:1':3' - telramelhylmur. 
exide). 
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MUEEXIDE, 
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is prepared by the action of air and ammonia on 
amalic acid (tetramethylalloxantin) (RocMeder, 
Jahresber. 1860, 436 ; Brmm, Ber. 1888, 21, 
614), by treating deoxyamalic acid -with bromine 
and afterwards with ammonia (Fischer and Ach, 
Ber. 1896, 28, 2477), or by electrolytic oxidation 
of a solution of caffeine in aqueous acetic acid 
(Fichter and Kern, Helv. Chim. Acta, 1926, 9, 
429). It forms cinnabar-red prisms subliming 
without decomposition at 230°, and is sparingly 
soluble in water or alcohol; the solutions are 
deep purple-red. On warming with hydro- 
chloric acid murexoin yields tetramethylallox- 
antin. 5-Methylpurpuric Acid, 
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CO CO 
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NH 


is prepared from methyl iodide and anhydrous 
potassium purpurate ; the isomeric A-O -methyl- 
purpurate, 

NH NH 

do ^c— OMe do '^CO 


NH 



NH 


CO 




obtained from methyl iodide and silver 'pur- 
purate is unstable (Slimmer and Stieglitz, l.c.). 

4:-Aminopurpuric Acid, 
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CO C— NH, 


NH C- 
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:C NH 

CO 


is formed by condensing alloxan with 2:6-dioxy- 
4:6-diammopyrimidine in aqueous solution. It 
forms brown crystals with a yeUow-violet 
metallic surface lustre, is very hygroscopic, and 
cannot be recrystaUised unchanged. Acidifi- 
cation of the solution in n. caustic soda yields 
bisalloxazine. 


NH N NH 
CO C C CO 

lull 

NH C C NH 


(Wieland, Tartter, and Purrmann, Annalen, 
1940, 545, 209). 

B. L. 


MURLINS(u. Vol. I, 1996). 
MUROMONTITE (v. Vol. II, 512a). 
MURUMURU FAT (v. Vol. HI, 886, 244a) 
MUSCARINE, FLY AGARIC. Mua- 
carine is the toxie principle of Amanita muscaria, 
which given in traces, causes diastoUo arrest of 
the frog’s heart. The arrest is antagonised by 
atropine. A short historical survey on this 
complicated matter is given by King (J.C.S. 
1922, 121, 1743) and by Kogl, Duisberg, and 
Erxleben (Annalen, 1931, 489, 166) as an intro- 
duction to their hriUiant papers on this subject. 

Muscarine (I) was first isolated in impure 
form by O. Schmiedeberg and B. Koppe, “ Das 
Muscarin,” Leipzig, 1869, by means of precipita- 
tion with potassium bismuth-iodide or potassium 
mercuric iodide. Hamack (Arch. exp. Path. 
Pharm. 1876, 4, 168) fractionated the impure 
muscarine of Schmiedeherg with auriohloride, 
thus removing chlorine stDl present. The 
formula CsH.gO.N was given to muscarine, 
which was regarded as the betaine-aldehyde or 
its hydrated form : 

Me3N(OH)-CH2-CHO 

or 

McgN (0H)-CH2-CH (0H)2 

The non-hydrated base has been synthesised 
and found not to be identical with muscarine by 
Voet (Bull. Soc. chim. 1929, [iv], 45, 1016; 
for earlier attempts see Berlinerblau, Ber. 1884, 
17, 1139; Fischer, ibid. 1893, 26, 470; and 
Brabant, Chem. Zentr. 1921, III, 124). Of. also 
Guth, Monatsh. 1924, 45, 631. The betaine- 
aldehyde has been reported as physiologically 
inactive (Meyer, Ber. 1893, 26, 803) whereas 
Voet (Amer. Chem. Abstr. 1930, 24, 4843) 
finds that it possesses nicotine- and curare-like 
properties. 

Synthetic or pseudo-muscarine has been 
obtained by Schmiedeberg and Hamack by 
interaction of choline with HNO3 (Arch. exp. 
Path. Pharm. 1877, 6, 101), it has a similar 
action to, but is not identical with natural 
muscarine, having a curare-hke action which the 
natural product lacks [cf. Weinhagen, Z. physiol. 
Chem. 1920, 112, 13). Ewins (Biochem. J. 1914, 
8, 209, 366) first demonstrated that the active 
compound obtained in the above reaction was 
not the hydrated betaine-aldehyde hut an ester 
of nitrous acid and choline, 

Me3N(0H)-CH2-CH20N0 

[cf. also Dale, J. Pharm. exp. Ther. 1914, 6, 147)- 
No further progress was made until King 
[l.c.) isolated from fly agaric in a pure state 
a base having in a much enhanced degree 
the pharmacological action characteristic of 
Schmiedeberg’s toxic principle. (For earlier 
attempts, see e.g., Honda, Arch. exp. Path. 
Pharm. 1911, 65, 454). King’s results demon- 
strate that probably no one before had heen 
working with pure muscarine, of which he only 
obtained 0‘4 g. from 26-5 kg. of fresh fungus. 
King’s results were extended by Kogl, Erxleben, 
and Duisberg (l.c.). They report that con- 
centrated solutions of muscarine are easily 
affected by atmospheric oxygen, especially in 
acid solution. The preparation of pure mus- 
carine from the crude extracts consisted in 
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(a) distribution between dilute ethanol and 
ether, (6) adsorption of foreign matter on char- 
coal, (c) adsorption of foreign matter by per- 
mutite, (d) precipitation of foreign matter by 
mercuric chloride, (e) precipitation of muscarine 
with Reinecke acid and fractionation of the 
reineckates, and (/) preparation of the pure 
hydrochloride from the reineckate. The ciystal- 
line reineckate gave an analysis of the basic part 
corresponding to (CgHjgOoN)*. A Hofmann 
degradation of the hydrochloride, [a]p -|-1'67° 
(in HgO) afforded trimethylamine, thus con- 
firming the quaternary character of muscarine, 
and an acid, m.p. 72°, C^HjOo-COOH which 
was found to be d-ajS-dihydroxy-n-vdleric acid, 
CH2Me-CH(OH)-CH(OH)-COjH. Contrary 
to Scelba (Atti R. Accad. Lincei, 1922, [v], 31, 
618) muscarine gives an Angeli-Rimini reaction 
and a positive Schiff’s test for aldehyde, dihydr- 
ojyvaleric acid being formed by oxidation with 
the silver oxide used for the Hofmann degrada- 
tion, Kogl concludes that the reaction takes 
place in the foUomng way, (I), or less probably 
(H), being the constitution of muscarine ; 

CH2Me-CH(OH)-CH{NMe3-OH)-CHO 

I. 

-5- CH2lVIe-CH(0H)-CH(0H)-C02H 

-t- CH 2 Me-CH(NIVIe 3 -OH)-CH(OH)-CHO 

n. 

For important work on the synthetic approach 
to the Muscarine problem, sec Kogl and Veldstra 
(Annalen, 1942, 552, 1). For the toxic principle 
of Amanita pantherina, see Steidlo (Chom. 
Zentr. 1938, H, 886), Very interesting results 
have been obtained by the study of Amanita 
phalloides. PhaUoidine is an extremely toxic 
peptide, CgqHggOgNyS, which is hydrolysed by 
sulphuric acid into cysteine, hydroxytiyptophan, 
hydroxyproline, and alanine. As little ns 
0-00005 g, kills a mouse within two days. For 
details, see Lynen and Wieland (Annalen, 1938, 
533, 93), Wieland and Witkop {ibid. 1940, 643, 
171), and Wieland and Hallenmayer {ibid. 1941, 
548, 1). 

Schl, 

MUSCARUFIN. The coloiuing matter of 
the fly agaric. Amanita muscaria, L., was first 
described by Griffiths (Compt, rend. 1896, 122, 
1342; 1900, 130, 42) and later by Zellner 
(Jilonatsh, 1906, 27, 282), 

Kogl and Erxleben (Annalen, 1930, 479, 11) 
isolated musearufin, which is probably present 
originally as a glycoside, by extracting the red 
skins of the fungus with alcohol at 0° in the dark 
and precipitating the colomring matter as the 
silver salt. This was decomposed by means of 
methyl-alcoholic hydrogen chloride and the 
resulting acid purified and finally crystallised 
from aqueous alcohol, 

Musearufin,^ ^25*^16^9’ orange-red needles, 
m,p, 276-5°, is optically inactive ; it forms a 
monoacetyl derivative, small orange-yellow rods, 
m,p, 197°, and by reductive acetylation yields 
triacetyl-leucomuscarufin, colom-less needles, m,p. 
^4 , indicating that musearufin is a quinone. 
Ine presence of three carboxyl groups is proved 
by electrometric titration. On distillation with 


zinc dust, musearufin is converted into torphenyl 
(p-diphenylbenzene), whilst catalytic reduction 
gives rise to hexahydromuscarufin, m.p. 200°, 
thus showing the presence of two double linkings 
in addition to the quinone nucleus. An alkaline 
solution of musearufin (1 mol.) is oxidised by 
hydrogen peroxide with formation of phthalic 
acid (1*39 mol.), whereas similar oxidation of 
hoxahvdromuscanifin gives a mLxture of phthalic 
and adipic acids. 

The side-chain: — CHiCH-CHtCH-COoH 
in musearufin is thus indicated, and its presence 
is confirmed bj' the formation of the compound 
CggHjcOis ky condensation of triacetyl- 
leucomuscarufin with maleic anhj'drido (c/. 
Diels and Alder, ibid. 1928, 460, 102). 

Accordingly, the following structure is assigned 
to musearufin : 



E. J. C. 

MUSCONE {v. Vol. IV, 417a; VH, 143o). 

M USCOV ITE (t>. Vol. IV, 279d). 

MUSEUM SPECIMENS, PRESERVA- 
TION OF. Tho preservation of specimens is 
understood to include operations related to their 
preparation for life in a museum and to their 
conservation therein. Preparation is concerned 
mainly with general cleaning, arresting decay 
and consoh'dating frail surfaces. Conservation 
is tho maintaining of stability, and this subject 
is linked up with a study of conditions within 
tho museum which should bo such ns to afford 
protection against all possible agencies and 
sources of decay, notnbl}’- dust, damp, insects, 
and fungi. 

Tho following important principles rmderlio 
successful preservation work : 

1. No treatment is valid which detracts from 
tho interest or value of a specimen. It is im- 
portant, therefore, before commencing opera- 
tions, to bo clear ns to wherein this lies. (For 
example, it may bo important to preserve tho 
exact shape of an object of corroded 'metal, and 
this may necessitate tho preservation of 
minernh’sed matter which othor\viso it might 
bo wise to eliminate.) 

2. Tho treatment which is adopted must not 
destroy oiddenco of potential value to tho 
student. (Representative specimens of an- 
tiquities from old lake deposits or bogs which 
might contain membranes of microscopic pollen 
grains capable of affording evidence of ago 
should be set aside for specialised examination 
prior to being cleaned and preserved. If this 
precaution is not taken such evidence as there 
may be will almost certainly he destroyed.) 

3. Preservative processes must not be applied 
unnecessarily or carried to excess. (This state- 
ment is as true of the ordinary run of museum 
specimens as it is of oil paintings which are not 
slow to show the effects of so-called “ over- 
cleaning.”) 
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As a rule some cleaning is essential after 
excavation or after the effects of decay have 
been noticed. It is generally agreed that the 
sooner this is undertaken the better, and that 
■when carried out in a sympathetic and restrained 
fashion the value and interest of the object in 
question is notably increased. 

The conditions under which specimens are to 
remain stable (i.e., conditions within the 
museum) will first be studied, then the principal 
causes of decay and their eradication. Some 
notes are added on maintaining stability, 
particularly as regards the sterilising and fumi- 
gating of collections. 

Museum Conditions. 

Extremes of temperature and humidity are to 
be avoided. High temperatures at low humidity 
cause adhesives to become brittle, marquetry to 
be damaged, bindings to be weakened, and 
leather to be dehydrated. High humidities, on 
the other hand, encourage mould growth which 
appears on surfaces providing nutriment, 
especially where there is size or glue (leather, 
veUum, paper). 

As it has been established that fungoid growth 
does not take place below relative humidity 
(R.H.) 68%, it is desirable to set the upper 
limit of humidity in the museum at 65%, 
thus allowing a reasonable margin of safety. 
Any tendency for conditions to exceed this 
figure may be overcome by increasing ventila- 
tion and, if necessary, by heating. 

There is no serious problem in this coimtry 
regarding excessive dr^ess as figures seldom 
remain below 40% R.H. in storerooms for any 
length of time, and it is seldom worth while to 
introduce moisture in order to compensate for 
temporary losses. 

In the preservation of museum specimens, 
temperature is seldom such an important factor 
as humidity. By allowing it to rise up to the 
limit of, say, 75 °e., it can be used to control 
humidity, but rarely with safety beyond this. 
Certain classes of objects, such as carved ivories, 
objects repaired by wax, etc., are liable to suffer 
at elevated temperatures. 

For the general range of antiquities, the follow- 
ing conditions are recommended : R.H. 40-60% 
(tolerance ^ to 65%). Temperatme 60-70 °f. 
Seasonal variations within these limits must be 
expected, but rapid changes are to be avoided 
(particularly of humidity) as this causes furniture 
to warp, panels to crack, paint to exfoliate, etc. 
Steam radiators provide the worst type of 
heating because the rapid cooling on shutting 
off steam causes a correspondingly quick rise of 
humidity in the atmosphere. It may be noted 
also that damage has been caused on occasion by 
a picture or museum case being attached to a 
wall which contains panel heating. In the latter 
example the temperature factor is no doubt the 
prime cause of damage. 

Considerable protection is afforded against 
the effects of atmospheric changes within the 
rpom by keeping specimens in boxes, vitrines or 
(in the case of pictures) in glazed frames. Just 
as conditions within the museum are less 
extreme than those outside in the open, so con- 
ditions within a closed case may be practically 


constant (even when it is not hermetically 
sealed) as compared with variations rvithin the 
room. Note that for the same reason dampness 
may persist behind bookshelves or between 
boxes in storage vaults, etc., and the only way 
to deal with this is by improving ventilation. 
In basement storage vaults an obvious pre- 
liminary to overcoming the effects of damp is to 
raise boxes at least 1^-in. above the floor on 
duckboarding or wooden battens, and there 
should be an air space of several inches next the 
walls. Damp air ean then be cleared by the 
use of an electric fan or vacuum cleaner — any- 
thing to stir up the air — and it may be desirable 
to have ventilation holes cut at the top and at 
the bottom of doors. A reliable whirling 
psychrometer is obtainable at small cost and 
with such an instrument it is but the work of a 
few minutes to take readings of temperature 
and humidity and so ascertain whether con- 
ditions are satisfactory. 

Paintings are very sensitive to changes in 
humidity. Canvases tighten in damp sur- 
roundings and the paint film may be loosened. 
Draughts of cold or warm air have been known 
to cause painted panels to crack and paint to 
blister. Modern practice favours the con- 
ditioning of the air of picture galleries to figures 
approximating to 60% R.H., 60°r., and as the 
conditioning process includes the removal of 
dust and sooty particles, it is of particular value 
in metropolitan areas. 

The installation of conditioned air plant in a 
biulding not originally designed for it is ex- 
pensive; it usually entails serious structural 
alteration and the results are not necessarily 
entirely satisfactory. It is a correspondingly 
simpler proposition to deal with a suite of rooms 
or with one special storage room. Local control 
within certain limits can be effected in various 
ways. Details have been published of a method 
of controlling humidity in a museum case or 
frame by the use of certain salt hydrates (see 
“Control of Air in Cases and Frames,” by S. 
Cursitor, in “ Technical Studies in the Field of 
the Fine Arts,” Fogg Art Museum, Harvard 
University, 1936-1937, Vol. V, p. 109) and of a 
method of checking the tendency to rapid 
fluctuation of atmospheric conditions in a 
picture gallery (J. Macintyre. “ Air Conditioning 
for Mantegna’s Cartoons at Hampton Court 
Palace,” op. cit., 1933-1934, Vol. 11, p. 171) 
by the (imobtrusive) storage of quantities of 
textilea therein. 

Material eeom Excavation. 

Archseological material comes to the museum 
most frequently from excavation, and con- 
ditions below ground are so different from those 
above or from those in the museum that the 
change-over period is often marked by some 
disintegration on the part of the specimens. 
Metal objects which have aged gracefully for 
hundreds of years in the ground and acquired 
in the process an enamel-like protective crust 
of minerals known to the connoisseur as patina, 
may after excavation show signs of an intensifi- 
cation of corrosion due to the concentration of 
soluble salts in porous surfaces. Porous stones 
may be disintegrated by similar crystallisations 
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with the loss of important surfaces hearing orna- 
ment, perhaps, or an inscription. The cure is to 
remove salts, and this is usually done by washing. 

Early treatment after excavation is important 
if serious damage is to be avoided. Treatment 
generally means removal of mud and soluble 
matter. Working details are determined by the 
materiM and the condition of the specimen. 
The salts are commonly a mixture ndth a pre- 
ponderance of chlorides of the alkalis, for which 
the efficacy of their removal may bo tested by 
adding silver nitrate in presence of nitric acid 
to a sample of the distilled-water washings; 
washing is normallj" continued until under these 
conditions no white precipitate is obtained. 

The deterioration and treatment of the main 
types of antiquity wiU non' be considered, it 
being understood that where there is any option, 
the less extreme measures are adopted. Objects 
from the sea or from salt desert countr3' (c.p., 
Egjq)t and Mesopotamia) arc generall}’ in 
urgent need of careful preservation. The salt 
may or may not be visible, but if present in anj’ 
quantity wiU sooner or later give rise to dis- 
integration of the specimen whether it be of 
porous stone or metal. 

Stone and Other Porous Material. — Salt 
tends to concentrate near the surface of greatest 
evaporation and may actuaUy be forced out 
from the surface of stone in the form of a fila- 
mentous efflorescence which can be picked off 
with a brush. After this mechanical treatment 
smaU objects may be crashed in running water 
whereby aU the soluble matter is removed. 
With the larger stone objects, the primary 
effect of washing is to drive salts into greater 
depths, and wasting in such cases may tliereforo 
be inadvisable. A field method of deah'ng with 
salty specimens in Egypt is to bury them in the 
sand which is made thoroughly wet afterwards. 
The heat of the sun causes evaporation nt the 
surface of the sand to which the salts are in time 
transferred. The foUowing modification of tliis 
process can be applied to the larger stones in 
museums. Unsized paper is boiled to pulp in 
distUled water and a layer of the wet pulp, 
half an inch thick, is applied to the stone, to 
which it readily adheres. Salts near the surface 
of the stone are dissolved and tend to make 
their way into the pulp. After a day or two, 
when the pulp is quite dry, it is removed, to- 
gether with the absorbed salts. Finther 
applications may be necessary. The process 
is simple, easy to apply, and in certain cases 
much more effective than washing. 

_ The removal of salt is a more delicate opera- 
tion where the frail surfaces bear painted 
ornament or inscriptions. Cuneiform tablets 
are an example in the latter class. As they arc 
often made of unbaked clay, the first operation 
is one of baking in a sand bath for several hours 
at 800°c. to consolidate the clay and convert it 
to hard terracotta. If there should remain any 
doubt as to whether the incised surfaces will 
stand soaking in water, several coats of cellulose 
nitrate (2% in solvent consisting of equal 
volumes of amyl acetate and acetone) are 
apphed. When the treated surface is hard and 
no longer sticky, washing may be carried out at 
the running tap and latterly, if desired, by im- 


mersing in several changes of distilled water. 
The cellulose nitrate gives strength to the speci- 
men but does not pre%'ent salt being readily- dis- 
solved away, and, as chloride is alwa3's the main 
constituent, the progress of the washing by 
distilled water may be followed, as already 
referred to, by testing wdth silver nitrate. 
Whenever the stnfaco of stone and like sub- 
stances (pottery; earthenware) is powdeo' to 
the touch and where paint, etc., tends to flake 
off, washing or treatment b3’ pulp should bo 
preceded by surface strengthening m'th celluloid. 

In extreme cases an Eg3'ptian limestone may 
bo so porous and hone3'combed b3' cr3’stalli- 
sations that it is advisable not to attempt to 
remove salt. The use of so-callcd stone preser- 
vatives ma3* bo dangerous, particular^ those 
of a wax3' nature. One of the most effectivo 
hardening reagents for museum work is ordinary 
bleached shellac dissolved in spirit, which can bo 
run well into the stone, excess being eventually 
washed out of the immediate surface (which 
otherwise would bo shiny) b3' using alcohol. 
Specimens so treated have given no further 
trouble over a period of twcnt3' years in tbo 
museum, whereas others in which the action of 
salt has been allowed to take its course have 
suffered vciy gravel3- b3' fragments falling from 
the surface from time to time. 

The largo potter3' vessels known as amphora), 
used to keep water cool b3' evaporation, havo 
seldom preserved their original surfaces, these 
having been flaked off b3’ salt action. Where 
repairs are neccssnr3’ or where such a vessel has 
to bo reconstructed from fragments, the most 
suitable adhesive is one that sets rather slowl3% 
such ns glue with plaster of Paris stirred into it 
while hot. Shellac is equally good and has the 
merit that it can bo moulded while warm, thus 
allowing for modification in the position of 
fragments ns the work proceeds. 

Metals. — ^When metals corrode in the ground 
tho3' become covered, ns a rule, b3’^ discontinuous 
incrustations of mineralised corrosion products 
containing soluble salts. Upon excavation 
there may follow a period of apparent 8tabilit3% 
but outbreaks of intensive and locaUscd decay arc 
to bo expected as long as any chlorides remain 
in the incrustation. Details of treatment 
naturally vary to some extent with the different 
metals of antiquity (iron, copper and its allo3's, 
silver, and lead) but the following processes are 
of general application, tho object being to remove 
chlorides ndth tho minimum of disturbance to 
tho appearance of tho specimen. 

1. Decomposition of chlorides insoluble in 

water, b3' one of three alternatives, 

(а) Action of special solvents. 

(б) Reduction by electrochemical ac- 

tion. 

(c) Reduction by use of electric current. 

2. Washing, thereafter, until all soluble salts 

and especially chlorides are eliminated. 

This is imperative. 

Mechanical picking and chipping ma5’’ accom- 
pany these operations, and tho work 0103’- bo 
completed at option by polishing and lacquering. 
Guidance as to the choice of methods is supplied 
on the chart overleaf. 



OlfAIlT oir MlOTirODH I'/MIT.OVWI) TN TIIIO I’lUWIOIlVATfON Olf MlOTAn ANTrQUlTIKB. 

Abbrevlttlinnn; t^tiiipornllvo, I)>^OIhU 1I()(1 wiilor. 

OMOptloniil. V"" Vinyl ncol/iito (ti%) In toliionorivcntoiio (5:1), 

H lulvlnablo. 0 ►*OoUnlo(io iillrftlo (2%) In ivcotonoiainyl acntato (1:1). 
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When special solvents are used in dilute solu- 
tions (as sodium sesquicarbonate, citric acid), it 
is a question of immersing the specimen for a 
day or so and then brushing and repeating the 
cycle of operations Tvith fresh solution, per- 
severing until positive tests are no longer 
obtained for soluble chloride. 

The method of reduction is never selected 
unless a substantial core of metal remains 
imdemeath the incrustation. As an example 
of the method of reduction by electro-chemical 
action, zinc in granulated or powdered form is 
heaped over the corroded metal in an iron vessel 
and acid or alkali added, the liquor being kept 
at boiling-point for an hour or more. The sur- 
face of the specimen may then be brushed and 
the operation repeated. Similar treatment of a 
milder character in which the reaction takes 
place much more slowly may be carried out in a 
nat-bottomed glass vessel on the steam-bath, 
and this is preferable with small or deheate 
specimens. 

In using the electric current to effect reduc- 
tion, the specimen is made the cathode and is 
surrounded by sheet iron anodes in an electrolyte 
consisting of 2% caustic soda, a current of up 
to 5 amps, being allowed to pass for the necessary 
time — ^usually several hours and sometimes 
(depending on the condition of the specimen) 
up to about 100 hours. The current may be 
allowed to run up to about 10 amps, in dealing 
with heavily rusted iron. 

Conservation. 

Protection from dust is important for the 
conservation of museum specimens, and im- 
provements of comparatively recent date are 
the use of vacuum deaners and dusters and of 
envelopes made from “ cellophane ” for storage 
purposes. Beneficial results have been especially 
noticeable in the case of ethnographical col- 
lections (fur; feathers; textiles), which are 
particularly vulnerable. 

The curator has also to take measures against 
possible attacks by fungus and insects. While 
fungus (mould, n^dew) can be killed off by 
correcting excessive humidity and by improving 
ventilation, as has been already described, 
staining may have been caused, which is not 
always easy to remove. The use of saponin 
froth is sometimes helpful in such cases or a 
freshly prepared 2% aqueous solution of 
chloramine-T ; if water is undesirable good 
results are sometimes obtained with hydrogen 
peroxide in alcoholic or ethereal solution. Damp 
specimens may be dried and sterilised by ex- 
posure for the necessary time in a warm cup- 
board to the vapour of molten th5miol. A 60w. 
lamp on a flexible lead may be placed in the 
cupboard, this being enough to melt the thymol 
crystals contained in a clock glass in contact 
with the lamp. When shelves of books are in 
question and the backs of the bindings only 
are affected these can sometimes be dealt with 
in situ. In such cases a 2 kw. “ air-circulator ” 
with an electric fan attachment is useful for 
drying and the backs of the books may then be 
cleaned, using a sponge moistened with a 0-5% 
aqueous solution of p-nitrophenol, which has 
powerful fungicidal properties. As this sub- 


stance tends to impart a yellow stain the use of 
more concentrated solutions is undesirable. 

Textile collections, fur and feathers, have to 
be protected against moth, and this may be 
done by refrigeration. It is more usual to keep 
specimens in envelopes which are opened and 
sprayed in the spring and late summer, pre- 
ferably with an atomiser spray at a pressure of 
about 80 lb. per sq. in. Of the many types of 
insecticide avaUable, preference should be given 
to one of the paraffin concentrates. Organic 
thiocyanates in paraffin have proved particffiarly 
effective without causing staining. p-Dichloro- 
benzene crystals have largely replaced camphor 
and naphthalene as agents for protecting the 
contents of exhibition cases against insect 
attack. 

Wood beetles are dealt with by exposure (with 
due safeguards against fire risk) to carbon disul- 
phide vapour. An affected panel, for example, 
such as a tempera or oil painting is placed in an 
air-tight box ivith several saucers of pure carbon 
disulphide, and the liquid renewed once in the 
course of a fortnight, after which the treatment 
is completed at option by filling the worm holes 
with wax. Neither paint nor varnish is affected 
by such treatment. The quantity of fumigant 
should be about one-quarter oz. per cu. ft. of 
air space, increasing to one ounce for thicker 
wooden objects, e.g., furniture. 

Vacuum fumigation chambers have been in- 
stalled in some of the larger museums which 
make it possible to use ethylene oxide or hydro- 
gen cyanide, and by this means many specimens 
can be dealt with at a time with the minimum 
of handling. 

The major problems of preservation are no 
doubt those connected with fine art, and in this 
field the amateur must needs walk warily% as 
long years of experience are necessary for the 
study of various techniques employed by artists 
and of the effects on the original paint film of 
time, and of previous restorations, etc. 

Literature. — H. J. Plendoleith, “ The Preser- 
vation of Antiquities,” Oxford Press, 1933 ; 
idem, “ The Conservation of Prints, Drawings, 
and Manuscripts,” Oxford Press, 1937 ; F. J. 
North, C. F. Davidson, and W. E. Swinton, 
“ Geology in the Museum,” Oxford Press, 1941. 
All aspects of the preservation of easel paintings 
are considered fully in “ La Conservation des 
Peintures (Office International des Musees, Paris, 
1939), and lists of qualified practitioners are 
kept by the Directors of Public Galleries both 
at home and abroad. 

H. J. P. 

MUSHROOM. A term applied to edible 
fungi in general, but more specifically to the 
Common Mushroom or Champignon, Psaliota 
campestris. Ocem-ring natiuaUy in fields and 
meadows, it is now cultiued artificially on a 
considerable scale. The edible portion consists 
of the large spore-producing organ of the fungus 
which is itself a dense mass of filamentous 
threads running through the soil. Mushrooms 
are grown artificially by culturing a rich com- 
post of manure or siinilar humus containing 
material with the “ spawn ” of mycelium. 
Growth is then allowed to take place rmder con- 
trolled conditions of temperature and humidity 
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in the dark {see P. A. Honsoman, “ Licorice, 
Putting a Weed to Work,” Twenty-sixth Streat- 
field ilemorial Lecture, The Royal Institute of 
Chemistry, 1944). 

Among the more common edible fungi to 
which tfe term “ mushroom ” has been loosely 
applied are related species such as PsaUiola 
silvaiica and other different species, c.g., Boletus 
eduUs, Boletus lulcus, Cantharcllus cibarius, 
Ooprinus comatus, Lactarius ddiciosus, Lepiota 
procera, Morchclla cscuhnta and the Truffle 
species [Tuber). Although the many edible 
varieties of fungi are not •widely consumed in 
this cormtry, they are a •well-known article of 
food in many other regions, c.g., in the U.S.S.R. 
and in the East. A list of common edible and 
poisonous fimgi is given in the Ministrj’ of 
Agriculture and Fisheries publication, “ Edible 
and Poisonous Fungi ” (H.M. Slationcrj' Office, 
London, 1945). 

The fimgi in general arc of low nutritive value, 
the water content is high — for the common 
mushroom being about 90%. The protein is 
low (1'8%) and the carbohydrate of a non- 
availablo type. The amino-acid composition 
of the protein of the Common Mushroom has 
been studied by A. Kizcl and S. Konovalov 
(Biokliimia, 1937, 9, 47). The carbohydrate 
present is trehalose and as sho'wn by A. Ratcliffe 
(Biochem. J. 1937, 31, 240) it may bo hydro- 
lysed after the fungus is gathered and give rise 
to mannitol. Fxmgi arc, however, relatively 
good sources of tliiamin, riboflavin, and vitamin- 
D, but not of ascorbic acid. Carotene is known 
to occur in some species. Considerable amounts 
of sterols may bo present and crgostcrol may 
amount to 0-l-0-4% of the dry weight (Ratcliffe, 
I.C., and T. Sasaki, J. Biochem. Japan, 1939, 29, 
325). The latter author also isolated from 
Armillaria edodes hydroxy- and kctostearic acids 
and succinic acid. 

The vitamin-U present in several species of 
fungus has been estimated by A. Scheunert 
et al. (Z. physiol. Chem., 1935, 235, 91), the 
values being expressed in Litemational Units 
per gram. 

Boletus edidis 0'S3 

Cantharellus cibarius 0-83 

Helvetia escidenta 1-25 

PsalUota campestris (grown in dark). 0-21 
» >, ( „ „ open) . 0-63 

The nitrogenous constituents of mushrooms 
and other fungi have received considerable 
attention and a ■wide range of compounds has 
been found^ present, the bases having been 
chiefly studied (c/. e.g., S. Inagaki, J. Pharm. 
Soc. Japan, 1934, 54, 824) the presence of some 
of which may be connected with the particular 
medium on which the fungi have gro'wn, as for 
example in the case of urea. 

A. P. 

MUSK. Musk is one of the oldest and most 
esteemed of the raw materials of perfumery, 
haxmg great fixative value as well as a high 
perfume value. It is a secretion of a gland 
peculiar to the male deer [v. infra) situated in 
the sMn of the abdomen, and appears to have 
some relation -with the sexual organs, as it is 
more plentiful and more odorous when the 


female is in season. The principal species of 
deer yielding musk is Mosc/nts moschtferus, but 
according to tho Chinese Economic Bulletin 
(Perfumery Record, 1933, 24, 378) ilf. cTiryso- 
gatcr, M. sifanicus, and M. sibirietts also yield 
musk in quantity worth collecting. Tho musk 
deer is found and hunted principally in Tibet, 
itlongolia, Nopntil, Cashmire, Assam, and 
Surkutan, and musk is principally exported 
from China. From the commercial point of 
view, there are a number of varieties, offered 
under tho names, Assam, Ncpaul, Yunnan, 
Tonquin, Caberdinc, Shensi, and Szechuan. 
Tho Jocah'ty from which tho musk is c.xported 
has more connection with these names than tho 
area of collection. Tho so-called Tonquin musk 
forms 80-85% of the world’s supph^ Tho musk 
arrives in tho pods which arc removed from tho 
nnimal’s bod}-. Tho averago weight is an 
ounce, and they should not contain more than 
12-14% moisture. They arc exported in boxes 
covered with coloured silk, containing one 
“ catty ” (about 225 - oz.), or about 22 pods. 
Sometimes tho contents of tho pod are extracted 
and powdered, and are then sold as “ grain 
musk.” This however obviously lends itself to 
gross adulteration. A pure dry' musk should 
contain from 50-75% of matter soluble in 
water, and 10-15% soluble in alcohol. Moisture 
should bo about 12-15% ns determined by ex- 
posure to sulphuric acid in a desiccator, and 
n.sh 7-8%. Tim pod of tho Tonquin musk, 
whicli is collected mainly in Tibet, is round and 
slightly flattened, but never pear-shaped. Tho 
so-called Blucskin musk is merely tho ordinary 
Tonquin musk with tho outer layers of tho pod 
removed, Icaring only the tlun mombranousskin 
which lies in contact with tho secretion, and 
which has a steel blue colour. 

Slusk is usually employed in perfumery in tho 
form of alcoholic tinctures, and so intense is its 
odour that ono part added to 3,000 parts of an 
odourless powder is readily detected. 

The odoriferous principle of musk is the ketone 
mnsconc, which is present to tho extent of from 
0-5 to 2% and is chemically related to civetarie 
(v. Vol. Vn, 143a). It is a thick colourless oil, 
b.p. 327-330'’/752 mm., 142-143“/2 mm., p'® 
0-9268. Tho oxime has m.p. 40° and tho semi- 
carbazonc m.p. 133-134° (Walbaum, J. pr. Chem. 
1906, [ii], 78, 488). For tho synthesis of 
dl-miiscono (P-mclhylcyc\opentadecanone), see 
Ziegler and Weber, Annalen, 1934, 512, 164; 
Ruzicka and Stoll, Helv. Chim. Acta, 1934, 17, 
1308. 

Tho synthetic products Imou-n as artificia 
musk have no chemical relationship with natural 
musk, but merely have a similar odour. This, 
however, is mucli coarser than that of the 
natural product, and tmless used sparingly tho 
resulting perfume is coarse. There aro three 
types of artificial musk, Imoum as xylene rmisk, 
ketone musk, and musk ambrette. 

Xylene musk was the first Icnown of these, and 
was discovered by Baur (Ber. 1891, 24, 2841); 
the “ Musk Baur ” of commerce has a dilution 
of acetanilide with 10% of the musk compound, 
described in the original patent specification as 
a toluene product, but the xylene homologuo 
appears to have tho better odour, and is pre- 
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pared by the nitration of iert-butyl-jn-xylene. 
The nitration must be carried to the trinitro 
stage, as the mono- and dinitro-compounds 
have no marked odour of musk. The constitu- 
tion of this trinitro-iert-butylxylene, or “ xylol 
musk ” as it is often called in commerce, is : 


Me 




MegC 



It has m.p. 110-113° and is soluble to the 
extent of about 1% in alcohol, the best solvents 
being benzyl benzoate and salicylate. 

Ketone mush has a much finer odour than 
xylene musk, and is prepared by nitrating an 
acetyl derivative of <eri-butyl-«i-xylene ; it has 
m.p. 136°, and has the structure 


Me 


OjN 

MegC 


iCOMe 

Me 


NO, 


(Tschitschbabin, BuU. Soc. chim. 1932, [iv], 51, 
1436). 

Mush ambrette is regarded by most perfumers 
as the finest of the artificial musks, it is either 
the methyl ether of dinitro-iert-butyl-m-cresol, 
C6HMe(0Me)(CMe3)(N02)2, m.p. 85°, or a 
mixture of this compoxmd with a homologue. 

Artificial musks known as aldehyde and 
cyanide musks have been prepared, but are not 
commercial articles. 

Artificial musks are sometimes adulterated, 
usually with acetanilide. 

E. J. P. 

MUSTARD. A name applied to a number 
of plants of the family Cruciferie cultivated all 
over the world. The plants are mainly grown 
for condimental or for the oil-bearing value of 
their seeds, though certain Eastern species are 
eaten as ordinaiy vegetables. 


Cultivation. 


White mustard can be grown on almost any 
type of land. Black mustard requires a deep 
weU-drained fertile soil, free from acidity. In 
England, sowing of seed in a fine, fairly solid bed 
takes place in March and April. The plants 
ripen in August and are harvested in a similar 
way to ordinary cereal crops, special care being 
taken to ensure the dryness of the cut crop 
before stacking. The seeds are threshed out in 
the usual way. 


Botanical Characteristics. 


The most important species are as follows : 

(1) Broimi {or Black) Mustard {Brassica nigra 
Lin. Koch) is a branching annual, 3-6 ft. tail, 
indigenous to Europe, and is largely cultivated 
for its seeds. It bears four-sided pods each 
containing several dark reddish-brown seeds ; 
the latter are round, about 1 mm. diameter, and 
finely reticulated. 

(2) White {or Telloiv) Mustard {Sinapis alba 


Lin.) is a somewhat smaller plant, naturalised in 
England, and is distinguished in shape from 
bro^vn mustard by its less spiky habit of growth. 
Its seeds are borne singly in beaked pods, and 
are of a light yeUowish-buff colour, 2-3 mm. in 
diameter, and smooth to the touch. 

(3) Indian Mustard {Brassica juncea Goss) 
is the Asiatic counterpart of B. Nigra in Europe, 
and it resembles it in outward appearance. The 
seeds are dark reddish-brown, about 1-5 mm. in 
diameter, and strongly reticulated. 

The above three varieties are u^ed com- 
mercially. 

(4) Chinese Mustard or Pak Choi {Brassica 
chinensis Lin.) and similar species {B. pehinensis 
or pe-tsai, B. paracJiinensis, etc.) are cabbage- 
like in appearance and are grown as vegetables 
in the East. 

The botanical and commercial classification 
do not always correspond. In commercial 
classification the practice is adopted of naming 
mustard according to the region or country in 
which it is actually grown. Thus, the so-called 
Chinese mustard seed of commerce is recognised 
as Brassica juncea. 

A full description of the cultivated Brassicas 
is given by L. H. Bailey.^ 

Histology. — ^The mustard seed consists of 
two conduplicately folded cotyledons, enclosing 
an embryo, and surrounded by a spermoderm. 
The cotyledons consist of ordinary mesophyllic 
tissue with aleurone and fatty granules; the 
spermoderm is divided into the following layers, 
from outside inwards : 

(1) Outer epiderm, 60-100p in diameter, thin- 
waHed mucilaginous cells. 

(2) Palisade cells, very thick-walled, about 
lOp diameter; these show weU-marked poly- 
gonal dark reticulations (about lOOp) corre- 
sponding with the seed markings. The palisade 
cells are reddish-brown in the case of B. nigra 
and B. juncea, yellow in S. alba. 

(3) pigmented layer, thin-walled cells, about 
50p, coloured red-brovTi in B. nigra, and B. 
juncea ; in S. alba a layer of parenchyma takes 
its place. 


Chemical Composition. 

Mustards contain glucosides which hydrolyse 
under the action of the enzyme myrosin and 
water to yield the respective mustard oils. 

White mustard {S. alba) contains sinalbin {v. 
Vol. VI, 95d) which decomposes into its consti- 
tuent components, sinalbin mustard oil, d- 
glucose, and sinapin acid sulphate, as indicated 
by the structural formula based on Gadamer’s ^ 
results : 


CQ 


7)-Hydroxybenzyl wothio- 
cyanate (Sinalbin 

Mustard Oil). Glucose. 

H0-C3H4-CH2-N:C-S.C6Hh05 

Sulphuric acid. {O-SOgO 


Choline. {NMea’CHg-CHa'l 

■ Ui 


HOCcHzlOMela-CHcCH-CO-O J 


Sinapin 


Sinapinic acid. 
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Sinalbin mustard oil (j)-liydroxybenzj*l jsotbio- 
cyanate) is non-volatile and imstable. It 
possesses a pimgent taste. 

Brown Mustard {B. nigra) contains the gluco- 
side sinigrin (v. Vol. YI, 9Ga) {potassium niyro- 
nate) and hydrotyses imder the action of myrosin 
and -srater into allyl fsotliiocyanate, d-glucose, 
and potassium hydrogen sulphate : 

Allyl isotldocyanate. Glucose. 
CH2:CHCHjN:CSC5Hji05 

K0S0„-0 
' — / 

Potassium hydrogen 
sulphate. 

AUylisothiocyanate (volatile oil of mustard) is a 
colourless or sb'gbtly yellov liquid, ^vhich in the 
crude form has b.p. 148-156°, p 1*01C-1‘030; it 
is volatile in steam, possesses a pungent odour, 
and has a strong rubefacient action on the sldn. 

Myrosin is an enzyme which possesses the 
specbSc action of hydrolysing the mustard oil 
glucosides. It is present in a number of the 
Cruciferffi family. In neutral solutions, its 
action is rapid, and when brown mustard flour 



is mixed with water, 90% of the volatile oil 
(nUyl isothiocyanate) is liberated in the first 
8 minutes. Acids and alkalies retard or inhibit 
its action depending on their concentration. 
As is the case with other enzymes, myrosin is 
inactivated by boiling water. Its optimum 
temperature would apjpear to bo 45-50°o. 

Mustard also eontains a fixed fatty oil, which 
is bland, tasteless, and nearly colourless. The 
general characteristics of the oils from cruciferse 
seeds are described by HUditch, Riley, and 
Vidyarthi.® Mustard oil is used in the East for 
I culinarj" pmrposes. 

I AVhito Mustard seed contains a mucilaginous 
material studied by Bailey and Norris.* Tlio 
mucilaginous material is in the bran, and it 
plays an important part in the preparation of 
so-called French and prepared mustards. 

Mustard Flour is prepared bj’ crushing the 
seeds and removing the bran by sifting. Further 
milling reduces the product to a fine flour. In 
general none of the fixed oil is removed. In 
some instances in the U.S A. a portion of the oil 
is removed bj’ pressing before the seed is milled, 
giving rise to the so-called “ cake ” floxm. 

Typical percentage analyses of mustard seed 
and flour are given in Table I. 


Table I. 



Moisture. 

rrotcln. 

Fixed oil. 

Allyl iiotlilo- 
cynnatc. 

P-Hydroxy- 
benzyl iso- 
tldocyanatc. 

Ash. 

Fibre. 

White mustard seed . 

9-3 

28-4 

25-0 

- 

2-1 

4-C 

10-5 

Black mustard seed 

8-6 

2G-5 

25-6 

0-9 

_ 

4-9 

9'0 

White mustard flour . 

G-3 

31-G 

37-2 


3-2 

4-2 

3-9 

Black mustard flour . 
Commercial blend of 


29-8 

370 

1-4 

• 

5-0 

3-1 

mustard floim . 

4-0 

34-2 

36-9 

0-81 

1-57 

4-4 

— 


The composition of the ash of white and black mustard seed ns determined by Piesso and 
StanseU ® is given in Table n. 


Table II. 



KjO. 

NajO. 

CaO. 

MgO. 

FcjOj. 

B 

SOj. 

SiO.. 

Cl. 

White mustard seed . 

22-64 


11-19 

12-58 



8-58 

1-34 


Black mustard seed . 

23-69 


14-95 

11-OG 

m 


G-12 

1-55 

m 


Standards and Adulteration of 
Mustard. 

The U.S. Foods and Drugs Act has standards 
for mustard and prepared mustard which allow 
of no a dmix ture with foreign starch or seeds. 
Many other countries prohibit any addition to 
m^tard. In England small additions are per- 
mitted provided the product is described as a 
mixed article. Besides wheat flour, common 
additions are turmeric and cayenne pepper ; all 
additions may bo detected niicroscopicaD3% 
The presence of charlock (wild mustard, B, 
arvensis) in mustard is similarly detected, and 
also by the red colouring matter produced from 
the contents of the palisade cells on heatine with 
chloral hydrate. 


Analysis of Mustard. 

The following estimations are normally carried 
out on samples of mustard flour : 

Moisture . — Owing to decomposition losses, 
this is determined by drj’ing in vacuo. 

Ash, Protein, and Fixed Oil are determined by 
normal methods. 

Crude Fibre is estimated by the usual A.O. A.C. 
method.® 

Sinigrin and Allyl Mustard Oil are normally 
estimated by the method of the French Codex ’’ 
with the modification that the initial resolution 
or hydrolysis to produce the pungent principles 
is permitted to proceed for 2 hours at 37°o. 

Sinalbinandp-hydroxybemylisothiocyanatemay 

be determined by the method of Terry and Corran. ® 
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Uses of Mustard. 

Whole mustard seed is used as a flavouring in 
pickles, sauces, etc. The co-called prepared 
mustard of commerce in the U.S.A., and various 
continental mustards, consist of the whole seeds 
ground to a fine paste with vinegar, salt, and 
spices. The consistency and smoothness of the 
mustard, which depends on the mucilaginous 
material present in the outer coatings of the 
white seed, is determined by the fineness of the 
grinding process. In England, mustard flour 
made into a paste with water or mfilc is one of 
the recognised condiments. The mustard flour 
used is a blend of white and brown mustard 
flours and when mixed with water the pungent 
oils are released. Almost complete liberation 
of these oils is attained in 8-10 minutes after 
the mixing. The condimental use of mustard 
is largely a fact of experience and is based on 
the elusive factors of flavour and palatabUity. 
In the manufacture of salad cream and mayon- 
naise, mustard flour exerts a strong emulsifying 
action, enhancing the stability and increasing 
the initial consistency of the mayonnaise emul- 
sion (Corran In this connection mustard 

acts as a fine powder and favours the formation 
of an oil-in-water emulsion. Mustard flour also 
possesses adsorptive properties which have been 
made particular use of in the wine industry to 
remove taints and mustiness from wines. n-i« 
Experiments have shown that both brown and 
white mustard have a powerful fungicidal action 
against the yeasts of alcoholic fermentation and 
compare in effect with chemical preservatives 
such as svdphur dioxide and benzoic acid.^’ 
Of the spices and condiments, mustard, through 
its essential oils, is the most powerful in its 
fungicidal action. Fungi of the genera Epider- 
mophyton and Trichophyton, responsible for ring- 
worm infections of the hands and feet, are also 
inhibited or killed by mustard, while the com- 
mon fungi of the air show varying degrees of 
resistance to its action. 

Physiological Aspects of Mustard. 

Mustard is classed pharmacologically as a 
rubefacient and counter-irritant, these properties 
being due to the pungent oils which are produced 
on moistening the dry mustard flour with water. 
Of the two oils, aUyl wothiocyanate (volatile 
oil of mustard) seems to have received attention 
by physiologists and more is known of its 
physiological action than is the case of p- 
hydroxybenzyl isothiocyanate, the oil obtained 
from white mustard. 

Mustard mixed with water to liberate the pun- 
gent principles and then applied to the skin 
causes a dilation of the capillaries resulting in a 
flow of blood therein from the neighbouring 
larger vessels and from the deeper-seated organs 
beneath. This is manifested by a reddening of 
the skin at the site of treatment, and by the 
production of warmth and tingling sensations 
which may become imbearable. At the same 
time the capillary walls increase in permeability, 
with consequent exudation of fluid into the tissue 
spaces, eventually leading to the formation of a 
weal. These phenomena have been explained 
by Lewis as being due to the production of a 


histamine-like substance which initiates the 
responses described above. Similar effects are 
produced by heat, cold, electric currents, and 
various trauma. 

AUyl (brown) mustard oil, being volatile, 
causes violent irritation to the eyes and nasal 
passages even at a distance, but oil of white 
mustard is non-volatile, and, therefore, does not 
have this action. Another difference in their 
physiological effects is that white mustard pro- 
duces the skin reactions more slowly than does 
brown, but once initiated they persist for a 
longer time. 

Mustard also has a reflex stimulating action 
upon the heart, which tends to neutralise the 
depression that would otherwise foUow the 
initial stimulations. This property makes a 
thin suspension of mustard one of the safest 
emetics. 

Applications of mustard are used in medical 
treatment chiefly for aUeviation of pain. This 
effect results partly from the warmth produced, 
partly from the draining away of blood from 
deep-seated organs with consequent reUef of 
pressure therein, and to some extent no doubt 
from the reflex nervous stimulation referred to 
above. In mustard therapy the normal pro- 
cedure is to mix the flour with cold or tepid 
water in order to liberate the oil, and apply it as 
a poultice, plaster, or pack. Details of the 
therapeutic uses and modes of application of 
these are given in most textbooks of physio- 
therapy or nursing. 
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J. W. C. 

MUSTARD, ESSENTIAL OIL OF. 

Cf. Mustard, this Vol., p. 2546). This oil is 
obtained from the seeds of the black mustard, 
Brassica nigra Koch (Fam. Gruciferm), after 
expressing the fixed oil. The pressed cake is 
macerated in water at 60-70° for several hours 
when a reaction takes place between the gluco- 
side sinigrin (potassium myronate) and the 
enzyme myrosin, present in the seed, with the 
produetion of allyl isothiocyanate, the main 
constituent of the oil. 

Composition. — ^AUyl isothiooyanate 93-98% 
with traces of carbon disulphide and allyl 
cyanide. Artificial mustard oil is obtained by 
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tlie dry distillation of potassium nllyl sulphate ' 
and potassium thiocyanate, or by heating allyl 
bromide -with an alcoholic sohition of potassium 
thiocyanate. It is largely used in place of the 

natural oil of mustard. _ 

Propcttics . — ^Essential oil of mustard is a 
colourless or slightly 3'cllowsh liquid, p 1-018- 
1-024, ■ which has highly lachrymatory and 
vesicant properties. It is said to prevent the 
souring of red wines if added in the proportion 
of 1 c.c. of a 1% solution to 1 litre of wine. In 
this proportion it is stated to affect neither the 
odom nor the flavom. 

C. T. B. 

MUSTARD GAS (r. Vol. Ill, Sd, 116, 21d, 

22a). 

MUTAROTATION (v. Vol. "STI, 70c). 

MUTASE {v. Vol. V, 4296). 

MYCODEXTRAN (v. Vol. V, 67d). 

MYCOGALACTAN (i>. Vol. V, 58a). 

MYCOPHENOLIC ACID (u. Vo). V, 53c), 

MYCOSE is aa-trehnloso, aa-diglucopjTn- 
nose : 


CH,-OH 


H 


OH 


C 

1 

HO 


i/r°\r 


HO-CH./i 

l/is 


H 


OH 


H 


G. T. Y. 

“ MYOCHRYSIN ” (v. Yol. VI, 1196). Sodium 
aurothiomalate. Used in treatment of tuber- 
culosis and rheumatoid arthritis (v. SrsTavTto 
Drugs). 

S. E 

MYOCTONINE (v. Vol. I, 123d). 

MYOGLOBIN (u. Vol. VI, 16Gd). 

M YOKYN I N E (u. Vol. I, 6876). 

“ MYOSALVARSAN ” (v. Vol. I, 492a). 

MYOSIN. Paramyosinogen. A protein of 
the globulin class foimd in striated muscle and 
in maize (Vol. II, 481d). For its structure, 
elasticity, and relation to muscular contraction, 
see Astbury et al., Proc. Roy. Soc. 1940, B, 129, 
307; Astbury, J.C.S. 1942, 337. Amino-acids 
amounting to 77% of its weight have been 
identified by Sharp (Biochom. J. 1939, 33, G79) 

J. N. G 

MYRCENE, 

Me2C:CH-CH2-CH2-C(:CH2)CH:CH2, 
b.p. 166-1687760 mm., 0-8013, 1-4700, 

ocoum in the essential oils from the leaves of 
Myrcia acris and Barosma vtnusta and in r 
number of other essential oils (u. Terpenes). 

J L S 

MYRCENOL, This alcohol, CjpHjob, b.p. 
99710 mm., pi5 0-9032, njf 1-4806, of unknorvn 
constitution is stated to occur in the oil from the 
leaves of Barosma venusta and in oil of hops. It 
IS not identical with the alcohol obtained by the 
oxidation of mjTcene with selenium dioxide 
■wmeh has been similarly designated (v. Teb 
jenes). 

„ J. L. S 
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MYRICA NAGI Thunb., an evergreen tree 
belonging to the Myricaccx is found in the sub- 
tropical Himalajms from the Ravi eastwards, 
also in the Khasia mountains, the Jlalay Islands, 
China, and Japan. It is the box-myrtle or 
Yangmrc < Cliina and is synonjnnous vith 
Jf. sapida Wall., ill. rubra Sicb. and Zucc., and 
iff. inlcgrifolia Roxb. The bark, occasionally 
used as n tanning agent, is met with under the 
name of kaiphal (Bombay) or shibuhi (Japan). 

Tho colouring matter, myricclin, and its gli'co- 
side, viyricUrin, can bo isolated from fin aqueous 
extract of tho plant, but are more readily' 
obtained in quantity from commercial “ shi- 
buki ” extract (Pcrldn and Hummel, J.C.S. 
1896, 69, 1287; Pcrldn, ibid. 1902, 81, 201). 

Myricclin, CijHjoOg, pale yellow needles, 
m.p. 357-3G0“, is soluble in aqueous potassium 
hydroxitle with a green coloration which, on 
standing in air, becomes first blue, then violet, 
and eventually brorni. Alcoholic lead acetate 
gives an orange-red precipitate and ferric 
chloride a broini-black coloration. With mineral 
acids in the presence of acetic acid it yields 
crystalline oxonium salts. 

Tho follorving derivatives of myricotin have 
been prepared : llcxa-acclatc, colourless needles, 
m.p. 21-1-215° ; Ic/ra6ro7?io-dcrivativc, brown- 
red needles, m.p. 235-240°, and its dhyl ether, 
m.p. about 146° ; yib'-dimclhyl ether, pale yellow 
needles, m.p. 288-289° after darkening at about 
270°; W'A'ib'-irimcthyl ether, pale yellow 
needles, m.p. 290-293°; Zi'yA'iH'-telramcthyl 
ether, pale yellow plates, m.p. 276-277-5°; 
Riliy-A'ib'-pcntamcthyl ether, very pale yellow 
needles, m.p. 138-139°; Hu-.y-A'iH'-pentamethyl 
ether, yellow needles, m.p. 230°; haamethyl 
ether, colourless needles, m.p. 159-101°; hexa- 
ethyl ether, almost colourless needles, m.p. 149- 
151°. 

When fused with alkali inyricetin yields 
phloroglucinol and gallic acid. With boiling 
alcoholic potash inyricetin hexamothyd ether 
gives gallic acid trimethyl ether and methoxy- 
lisctol dimcthy’l ether (I) ; myricctin is, there- 
fore, 3:5;7:3'.-4':5'-hcxnhydroxyJ[lavono (II) (Per- 
kin, ibid. 1911, 99, 1721). 


MeO 


MeO 


OH 

CO-CH„-OMe 


I. 



Tliis structure has been confirmed by synthesis 
(Kalff and Robinson, ibid. 1925, 127, 181). 
o)-Methoxyphloracetophenono -was heated with 
trimethyl gallic anhydride and sodium trimethyl- 
gallato and tho product hydrolysed; the 5:7- 
dihydroxy-3:3':4':6'-tetramethoxyflavono thus 
obtained yielded myricetin on demothylation. 
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Myricetin 3':4':5'-triinetliyl ether and eyrngetin 
(myxicetin 3':5'-dimethyl ether) were similarly 
prepared (Heap and Bohinson, ibid. 1929, 67). 

The synthesis of myricetin pentamethyl ether 
was effected by Sonn (Ber. 1925, 58 [B], 1103) 
by the condensation of 2-hydrosy-4;6-di- 
methoxyacetophenone and 3:4:5-trimethoxy- 
benzaldehyde ; the 2-hydroxy-4:6-dimethoxy- 
phenyl 3:4:5-trimethoxystyiyl ketone formed 
was converted into the flavanone, the oximino- 
derivative of which was transformed by sul- 
phuric and acetic acids into myricetin 6:7:3':4':5'- 
pentamethyl ether (c/. Dean and Nierenstein, 
J. Amer. Chem. Soc. 1925, 47, 1676 ; Nieren- 
stein, Ber. 1928, 61 [B], 361 ; and Hatton, 
Bull. Chem. Soc. Japan, 1927, 2, 171). 

Myricitrin crystallises from water forming 
pale yellow, almost colourless leaflets, m.p. 199- 
200°, and is soluble in alkalis with a pale yellow 
tint. Aqueous lead acetate gives an orange- 
yeUow precipitate and alcoholic ferric chloride a 
deep greenish-black coloration. On hydrolysis 
it yields myricetin and rhamnose. 

By methylating m3Ticitrin with diazomethane, 
or with dimethyl sulphate and alkali in an atmo- 
sphere of hydrogen, and hydrolysing the pro- 
duct, Hattori and Hayashi (Acta Phytochim. 
1931, 5, 213) obtained myricetin 5:7:3';4':5'- 
pentamethyl ether. They conclude, therefore, 
that the rhamnose residue in m5Ticitrin is in 
the 3-position. 

In addition to myricetin, the M. nagi contains 
a trace of a glycoside of a second colouring 
matter which is probably quercetin. 

Myricetin is also present in the leaves of Rhm 
coriaria, cotinus, and metopium, in the Myrica 
gah, in the leaves of Pistacia lentiscus, Hsemaf- 
oxylon campechianum, and Coriaria myrtifolia 
(Perkin, J.C.S. 1898, 73, 1016 ; 1900, 77, 426 ; 
Perkin and AUen, ibid. 1896, 69, 1299 ; Perkin 
and Wood, ibid. 1898, 73, 376), and together 
with ampdopsin (3:5:7:3':4':6'-hexahyS'oxy- 
flavanone) in “ Haku-tya ” {Ampelopsis melias- 
folia. Kudo) (Kotake and Kubota, Annalen, 
1940, 544, 253). Myricitrin has been isolated 
from the leaves of the hazel nut, Corylus aveliana, 
and the Judas tree, Cercis 8^liqmstr^lm, (CoUot 
and Charaux, Bull. Soc. Chim. biol. 1939, 21, 
456). 

The pharmacological action, particularly the 
diuretic action, of myricetin and related com- 
pounds has been studied by Koike (Folia 
Pharmacol. Japan, 1931, 12, No. 1, 89, Breviaria, 

Myricetin may be used to determine small 
amounts of antimony (Naito, J. Pharm. Soc. 
Japan, 1939, 59, 303). 

For reduction products of myricetin and 
myricitrin, and absorption spectra, see Kondo 
(ibid. 1932, 52, 363), Moir (J. S. African Chem. 
Inst. 1927, 10, 36), and Tasaki (Acta Phytochim. 
1927, 3, 1). 

Dyeing Properties. — On mordanted woollen 
cloth the shades given in the Table are obtained. 

The shades obtained with myricetin and 
myricitrin are practically identical with those 
given by quercetin and quercitrin, respectively. 
Myrica bark gives shades which are similar to 
the colours obtained from quercitron bark, but 
are fuller. According to Hummel and Perkin 


(J.S.C.I. 1895, 14, 458), some specimens of 
myrica bark are exceedingly rich in coloiirm<j 
matter. ° 

By fusing myricetin with sodium polysulphide 
and sulphur, Satow (Ind. Eng. Chem. 1916, 7, 
113) obtained a product which dyes cotton a 



Chro- 

mium. 

Alumi- 

nium. 

Tin. 

Iron. 

Myricetin . . 

Ked- 

brown. 

Brown- 

orange. 

Bright 

red- 

orange. 

OUve- 

blaok. 

Myricitrin . . 

Full 

brown- 

yellow. 

FuU 

golden 

yellow. 

lemon- 

yellow. 

Brown- 

olive. 

Myrica bark . 

Deep 

olive- 

yellow. 

DnU 

yellow. 

Bright 

red- 

orange. 

Dark 

greenish 

olive. 


deep sepia colour, though if copper sulphate, 
manganese sulphate, or ferrous sulphate is 
added to the fused mass, substances possessing 
a bluish or bluish-grey colour are produced. 
When fused with sulphur alone, myricetin gives 
a brown-yellow compound. A yeUow dye may 
also be obtained by nitrating myricetin sul- 
phonio acid. 

B. J. C. 

MYRICIN, originally the residue obtained 
by extracting beeswax with boiling alcohol 
(Brodie, Phil. Trans. 1849, 139, i, 91); its 
chief constituent, melissyl palmitate, m.p. 72°, 
is usually known as myricin. Melissyl alcohol 
(v. infra) from beeswax is a mixture of alcohols. 
In pharmacy myricin denotes the powdered 
extract of bayberry bark (“ Extra Pharma- 
copoeia,” 1941, I, 376). 

J. N. G. 

IVI YR I C ITR I N (v. supra and Vol. VI, 926). 

MYRICYL ALCOHOL. Melissyl alcohol. 
Melissic alcohol. There has been much con- 
fusion in the literature concerning the formula 
of this normal primary alcohol, which has been 
frequently reported either as CgoHgi-OH or as 
CgjHgs-OH (c/. “ Beilstein,” Zweites Ergan- 
zungswerk, 1941, 1, 472). 

Heiduschka and Gareis (J. pr. Chem. 1919, [ii], 
99, 298) assigned the Cg,, formula to camauba 
wax melissyl alcohol, m.p. 87-5° and the Cg^ 
formula to beeswax melissyl alcohol, m.p. 85'5°. 
Gascard and Damoy (Compt. rend. 1923, 177, 
1442) confirmed the Cg^ formula last-mentioned 
but gave m.p. 87°. According to Pummerer, 
et al. (A. 1929, 1420) the alcohols are identical, 
have the Cgj formula, and melt at 88°. Francis, 
Piper, and Malkin (Proc. Roy. Soc. 1930, [A], 
128, 249) fractionated the acetate of the melissyl 
alcohol from camauba wax and concluded that 
this alcohol is a mixture. ChibnaU and col- 
laborators (Biochem. J. 1934, 28, 2194) infer 
from melting-point data and N-ray analysis of 
mix tures of pme primary alcohols and from a 
similar examination of alcohols from waxes, 
that the wax products are mixtures, for which 
they deduce the probable compositions. Thus 
the melissyl alcohol, m.p. 87°, of Gascard and 
Damoy is formulated 40% Cgo-b40% Cg2-i-20% 
C34. They recommend that the names melissyl 
and myricyl be abandoned as they have always 



IVIYRISTICA FATS. 


been applied to mixtures and these should bo 
distinguished hy quoting their melting-points. On 
the other hand pure n-triacontanol, CjqH ci’O H, 
m.p. 86-3-86-6°, has been isolated from the wax 
on lucerne leaves (Chibnall et al,, ibid. 1933, 27, 
1886). 

Misquotations in the literature. The formu- 
lations of Heidusclika and Gnrels (i.c., p. 208) arc 
quoted in the inverse order by Francis et al., l.e., 
pp. 249, 250, and by Chibnall et al., Blochcm. J., 1034, 
28, 2198. , 

J. N. G. 

MYRISTICA FATS. (Ntjtmeq Butter, 
ViEOLA, OroBA, etc.. Fats.) This group com- 
prises a number of fats, which are derived from 
the seeds of tropical trees of the Fam. 
Myristioacese, and characterised by the presence 
of a very large proportion of (combined) 
saturated acids, and in particular of myristic 
(tetradecoic) acid : this acid may so preponderate 
that much of it appears in the fat in the form 
of the simple triglyceride trimyrislin, accom- 
panying mixed glycerides of myristic and other 
saturated and unsaturated acids. 

Whilst they are of considerable scientific 
interest, most of the Myristica fata have little 
technical importance except in their countries 
of origin, where they are used by the native 
populations in pharmaceutical and cosmetic 
preparations (for external apph'cation), or for 
the manufacture of soap. Nutmeg butter, the 
best-known representative of the group, has 
also found application in Western Europe and 
N. America as a gentle local stimulant in hair 
lotions, plasters, etc., whilst Papuan nutmeg 
butter has acquired some currency as an 
adulterant or substitute for true nutmeg butter. 

The Myristica fats are derived from the seeds 
(endosperm). As a rule, the crude fats are j 
brownish or orange in colour (omng, probably, 
to colouring matters derived from the dark seed- 
coat, the infoldings of which spread deep into 
the endosperm) and contain considerable 
amounts of resinous and rmsaponifiable con- 
stituents ; in the case of a few members of the 
group, notably the true nutmeg, the seed, and 
the fat therefrom, contain appreciable quantities 
of aromatic essential oil. 

In some speeies the “ mace ” or arillus of the 
seed also contains fat {e.g., in Pyncanthus kombo), 
or, as in the nutmeg, essential oil, or both. 

Nutmeg Butter, Mace Butter, is the 
yellowish or orange solid fat derived from the 
kernels of the true nutmeg, Myristica ojjicinalis 
L. (Syn. M, fragrans Houtt, or M. moschata 
Thimb.) which is indigenous to the islands of the 
Indian Archipelago, notably, "Molucca, the Banda 
Islands, Celebes, Sumatra, and Java, and is now 
cultivated there and also in the West Indies 
(Grenada), Brazil, and Guiana. Commercial 
nutmeg butter is recovered from undersized, 
damaged or worm-eaten seeds which are un- 
suitable for sale as spice. Formerly, all such 
defective seeds which could not be exported 
were worked up for the fat locaUy in the East 
Indies, by roasting or steaming, grinding and 
pressing. The brownish fat so obtained was 
exported in the form of bricks or bars wrapped 
m pahn leaves, and was known in the trade as 

Butch nutmeg butter, and in England as 

soap^of Sanda.” “Indian ” mace butter was 


of somewhat inferior quality. Of latter years, 
a considerable amount of mace^butter has been 
prepared in Holland by more refined methods of 
pressing from rejected seeds, or from seeds from 
which the essential oil of nutmeg has been 
previously recovered by distillation. About 
three-quarters of the total 38—10% of fat 
present in the seed is recovered in technical 
practice. 

The ana]3’tical characteristics of commercial 
nutmeg butter vary considerably, owing, mainly, 
to the varj'ing amounts of essential oil (4—26%) 
present, and to difFeronccs in the mode of pre- 
paration and purification of the fat. The follow- 
ing figures illustrate the usual ranges : 
0-94G-0-9GO; p^oo Q-SSi; 1-4C6-1-470 

(G. S. Jamieson, “Vegetable Fats and Oils,” 

1 1942, p. 95) ; 1‘470-1‘476 (Utz, Chom. Rev. Fett- 
und Harz-Ind. 1903, 10, 11) ; snp. val. 1G8-180 ; 
iod. val. 45-50; ra.p. 42-52°; titer 40-15°c. 
The fmo fatty acid content runs from 4-G% 
(calc, ns myristic acid) and up to 20% of un- 
saponifiablo matter may bo present. The fatty 
acids of a jjurified sample of fat examined by 
: Collin and Hilditch (Biochom. J. 1929, 23, 

1 1281 ; J.S.C.I. 1930, 49, 14 It), after elimination 
of the 10-B% of resinous matter present, con- 
sisted of: Inurio 1'6, myristic 7G*0, palmitic, 
10-1, oleic 10-6, and linolic acid 1*3%. The true 
fat (glycerides) contained 71% of fully saturated 
glycerides (t.c., 68-C% on the original purified, 
but still resinous, fat) of which about three- 
quarters consisted of the simple triglyceride 
trimyrislin {cf. Bomcr and Ebach, Z. Unters. 
Lebonsm. 1928, 55, 611 ; Heidusclika and Hfibcl, 
Arch. Pharm, 1933, 271, 66. According to 
Power and Salway (J.C.S. 1908, 93, 1C63), tho 
unsaponifiablo matter of nutmeg butter contains 
a substance CigHj^Oj, some mjTisticin (3- 
methoxy - 4:6 - methylcncdio.vy-l-allylbonzono) 
and a very small amount of a phjdosterol 
CjoHg^O (7), m.p. 134-135°. 

Owing to its high content of combined mjwistic 
acid, nutmeg butter is practically completely 
solulilo in 20-25 parts of boiling 95% alcohol ; 
on cooling, tho solution deposits crystals of 
trimyristin, m.p. 65° (c/. Utz, l.c.). Adulterants 
such ns lard, petroleum jolly, etc., are not fully 
soluble in tho hot spirit, and also lower tho 
melting-point of tho trimyristin precipitated on 
cooling ; addition of w'axes raises tho melting- 
point of this fraction. 

Nutmeg butter is not infrequently substituted 
or sophisticated by fats from other species of 
Myristica, and especially by Papuan nutmeg 
butter, from the seeds of tho Papuan (Now 
Guinea) long nutmeg, M. argenlea Warb. ; tliis 
fat is stated to have characteristics similar to 
those of true mace butter, but contains no, or 
very little, essmitial oil. The seeds of M. 
malabarica Lam. (“ Bombay seeds ” or “ kai- 
phal,” growing in Konkan, Kanara, Malabar, 
and Tranvancore, resemble nutmegs in appear- 
ance, but yield a fat of different character, 
which not only contains much more oleic acid 
than other Myristica fats, but also is anomalous 
among seed-fats in respect of its glyceride com- 
position. A sample of the fat (18%) extracted 
by light petroleum from tho kernels, and studied 
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by Collin (J.S.C.I. 1933, 52, IOOt; cf. Collin and 
Hilditch, ibid. 1930, 49, 141t) contained about 
16% of non-fatty resinous matter. The purified 
mixed fatty acids (iodine val. 53'6) consisted 
of: myristic 32, palmitic 16'9, stearic 3‘2, 
oleic 47-4, and linoleic acid 0-5% by -weight, 
t.e., a molecular ratio of 1-3 mol. of saturated 
acids to 1 mol. of unsaturated acids : in a seed- 
fat of this composition, no fuUy saturated 
glycerides would be expected to be present, but 
in fact the fat was foimd to contain about 16% 
of fully-saturated glycerides, and it thus 
resembles laurel fat (Vol. VH, 195c) in being 
an exception among seed-fats to the general 
rule of “ even distribution ” of saturated and 
imsaturated acids in mixed glycerides. 

Kombo Butter is derived from the seeds of 
M. angdhnsis Welw. {Pycnanthus kombo BaiUon, 
Warb.), a tree (the “ arbre k suif du Gabon ”) 
widely distributed in Gaboon. Kernels from 
Sierra Leone examined by Atherton and Meara 
(J.S.C.I. 1939, 58, 365) yielded 61-6% of a dark- 
bro-wn fat containing considerable amounts of 
resinous matter, which was removed by means 
of sodium carbonate. The refined fat had an 
iodine value of 32-3 (c/. Anon., Bull. Imp. Inst. 
1908, 6, 377) and its fatty acids were foimd to 
consist of: unsaponifiable matter 1-2, lauric 
-6'4, myristic 60-8, palmitic 3-6, .d ®-tetradecenoic 
23-4, and oleic acid 5-6%. The occurrence of 
2l®-tetradecenoic acid, apparently identical with 
the ^l®-myristoleic acid present in fish oils, 
whale oils, and butterfat, but hitherto unknown 
in vegetable oils, is remarkable. 

The fat of M. canarica (iodine value ca. 27), 
the Indian “ candle-nut tree ” * {cf. Hooper, 
Agrie, Ledger, 1907, No. 3, 18) and Ucuhuba 
(Bicuhyba or Urucuba) Fat (iodine value 14; 
cf. Bolton and Hewer, Analj'st, 1917, 42, 42) 
from Virola bicuhyba Humb.t have a high con- 
tent of myristic acid, but have not been fully 
analysed by modem methods. 

Virola Fat, from the kernels of the S. 
American (Brazilian) Virola surinamensis Warb. 
(M. mirinamensis Boland) contains some 42% 
of trimyristin : the composition of the fatty 
acids of a sample examined by Atherton and 
Meara (J.S.C.I. 1939, 58, 353) was : caproic 
0-6, lauric 14-9, myristic 73-2, palmitic 6-0, and 
oleic acid 6-4%. Steger and Van Loon (Bee. 
trav. chim. 1936, 54, 149) reported for “ ucuhuba 
fat ” from Virola surinamensis : lauric 12-6, 
m 5 uistic 63-0, palmitic 8-4, stearic 1-5, oleic 6-3, 
and hnolic acid 2-8% resinous matter 6-2%. 

It is pointed out by T.P. Hilditch (“ Chemical 
Constitution of the Natural Pats, 1st ed., 1940, 
p. 165) as a generalisation, that the seed-fats 
from species of Virola may contain from 10 to 
20% of lauric acid, which distinguishes them 
from the fats of the allied genus Myristica in 
which, as a rule, very little, or no, lauric acid is 

♦ This tree must not be confused with Aleurites 
moluccana of the Philippine Islands, etc., the seeds of 
which furnish the well-known drying oil, candle-nut 
(lumbang) oil (v. Vol. II, 2626). 

t Uncertainty exists as to the botanical original of 
the ucuhuba and bicuhyba fats and some other minor 
mjTTlstica fats examined by various investigators. 
Of. le Cointe, “ Apontamentos sobre as sementes 
oleaginosas de florastas amazonicas,’’ Rio de Janeiro, 
1931 ; Steger and Van Loon, Eec. trav. Chim. 1935, 
64, 149. 


present : the content of myristic acid is about 
the same (70%) in both genera (cf. Verkade and 
Coops, Eec. trav. chim. 1927, 46, 628). 

African Ochoco Fat (from ScypJiocephalinm 
ochocoa Warb. Syn. Ochocoa gdbonii Pierre) has 
an iodine value of about 2 and consists ahnost 
entirely of trimyristin (cf. J. Lewkowitsob, 
Analyst, 1908, 33, 313 ; MargaiUan, Ann. Mus. 
Col. Marseille, 1929, [iv], 7, No. 3, 5-32). 

Otoba Butter, American Nutmeg or 
Mace Butter (also known commercially as 
“ otoba wax ”), iodine value 64, from the seeds 
of M. otoba Humb. and Bonp., a native of 
Colombia, where the fat is used in the treatment 
of skin diseases of domestic animals, is of the 
same type as other Myristica fats (cf. Anon., 
BuH. Imp. Inst. 1920, 18, 168). A sample 
analysed by Baughman, Jamieson, and Brauns 
(J.A.C.S. 1921, 43, 199) contained 9-3% of 
volatile oil (mainly sesquiterpenes) and 20-4% 
of unsaponifible matter including a substance 
otobiie, CooHoflOg (m.p. 137-138°c., [ 0 % -|-35-7°, 
cf. Uricoechea, .tonalen, 1854, 91, 369) and its 
isomeride, iso-otobite (m.p. lOb-lOS^c., [aJi, 
-J-5'3‘’). The fatty acids, freed from un- 
saponifiable matter, consisted of lauric 20-8, 
myristic 73-4, palmitic 0-3, and oleic acid 5-5%. 

Both otobite and tso-otobite yield penta- 
bromides, and give an intense and persistent 
pale red coloration with sulphuric acid. 

It may be noted that several of the Myristica 
fats, notably bicuhyba fat and the fat of M. 
canarica, are stated to develop a blood-red 
colour on treatment with concentrated sulphuric 
acid. 

E L 

MYROBALANS (v. Vol. IV, 276d; m 
2676). 

MYROSIN (V. Vol. IV, 3146). 

MYRRH. Herahol myrrh. Heerabol-myrrha 
is an oleo-gum-resin, the spontaneous exudate 
of the small tree Commiphora molmol Engl. 
(Pam. Burseraceae) and possibly of other species 
of Commiphora, inhabitants of the Somali and 
Arabian littoral of the Red Sea. Nomad tribes 
collect the hardened drops of exudate which 
adhere together forming rounded, brittle, 
translucent masses of a red-brown colour and 
dusty surface. The drug, which has an agree- 
able odour and a strongly bitter taste, is shipped 
from Aden as Somali myirh or herabol myrrh ; 
it is sorted by European merchants into best 
quahty or “electa” and second quality or 
“ naturalis.” Together with ohbanum, myrrh 
has been used as a constituent of incense from 
the earliest times. The Egyptians employed it 
not only in fumigations and in embalming, but 
also in medicine, and it has retained its place in 
modem pharmacopceias. 

The composition of the drug varies con- 
siderably as shown by the data given in B.P.C. 
1934, 663 : gum 67-61%, resin 25-40%, volatile 
oil 2-5-8%, impurities 3-4% (cf. TscMrch and 
Stock, “ Die Harze,” 1936, II, i, 218). British 
Pharmacopoeia, 1932, 290, specifies : not more 
than 70% insoluble in 90% alcohol, ash not to 
exceed 9% and not more than 4% foreign 
organic matter. Genuine myrrh gives the 
following reaction which is not obtained with 
bisabol myrrh or with bdellium (Vol. I, 668c) 
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svMcli are known adulterants ; an ethereal 
extract of the sample is evaporated and the 
residue exposed to bromine vapour when a violet 
colour is developed. Quantitative determina- 
tions may serve the same purpose. Although 
variable, the ester value, ca. 204, and the 
saponification value, ca. 229, of herabol myrrh 
differ markedly from the corresponding values, 
ca. 126 and 145, of bisabol mjTrh and also from 
those of African bdellium, 69-96 and 79-117 
respectively (Tschirch and Stock, op. cit., p. 226). 

Composition of Myrrh. — 0. von Friedrichs 
(Arch. Pharm. 1907, 245, 427) continued the 
work of Tschirch and Bcrgmann {ibid. 1905, 
243, 641) and separated a number of amorphous 
constituents : two bivalent phenols a-hecrabo- 
myrrliol, m.p. 248-250°, and p-hccrabomyrrhol, 
m.p. 168°; a resin, hceraborcsen, m.p. 100 - 102 °, 
insoluble in alkalis and fight petroleum ; four 
acids separated from the ether-soluble fraction 
were a-, )9-, and y-commiphoric acid, ra.p.'s 
201°, 205°, 169-172°, respectively, and contmi- 
phorinic acid, m.p. 135°. The cthcr-insolubic 
fraction yielded two acids a- and ^■myrrliohJic 
acid, m.p.’s 220-225°, and 187-190°, respectively. 

Oil of Myrrh, a viscous yellowish-green liquid 
with a strong odour of myrrh, has p l-Oll, [a]D 
— 73-9°, 1-5359, acid value 6-15, ester value 
47-6. The oil contains Jn-crcsol, cuminaldchj-de, 
ciimamaldehyde, myrrholic acid, hecrabolcne, 
C 15 H 24 (von Friedrichs, l.c.), pincnc, dipenteno, 
limonene, eugenol (c/. Gildcmcistcr and Hoff- 
mann, “ Die aetherischen Oolo,” 1931, III, 161 ; 
Lewinsohn, Arch. Pharm. 1906, 244, 412). 

Gum . — ^A white emulsion is formed when the 
drug is triturated with water. The gum has 
[a]D -f23-8° for a 2% aqueous solution (von 
Friedrichs, Z.c.). Oxidation with nitric acid 
yields mucic acid. Hydrolysis gives arabinose, 
galactose, and xjdose. An oxidase is associated 
with the gum. 

Burseracin, l-6-2-6% in myrrh, an astringent 
amorphous substance (G.P. 550583) has been 
recommended for treating woimds. 

Medical Properties . — ^Myrrh is prescribed ns a 
stomachic and carminative and as an expec- 
torant in catarrhs. The diluted tincture is used 
alone or with borax in mouth washes. Accord- 
ing to Gatti and Gayola (Amor. Chem. Abstr. 
1923, 17, 2150) oil of myrrh is inferior to the oils 
of eucalyptus, pine, and myrtle in the treatment 
of pulmonary diseases. For the pharmacology 
of myrrh, see Macht and Bryan, Amcr. J. 
Pharm. 1935, 107, 500. 

^ ..w J- N. G. 

ri-MYRTENAL, 


HC 


C-CHO 


h 


HjC 


CWIe, 


CH 


CH, 


b.p. 91-76°/12-5 mm., pf 0-9898, [a]i, -1-15-68°, 
ocems in false camphor wood oil from the wood 
ot Hernandia peltata {see Teepenbs). 

J. L. S. 


ri-MYRTENOL, 


C-CH2OH 

HC^ 


r\ 

I 


CMe, 


H„C 


CH, 




b.p. 218°/771 mm., 103-104°/11 mm., 0-981, 
Jij> 1-4951, ojj +45°, occurs in the essential oil 
from the leaves and flowers of Myrlus communis 
L. (oil of myrtle) and in the oil from the shnib 
Darwinitt graiidiflora {see Terpekes). 

J. L. S. 


MYRTICOLORIN {v. Vol. IV, 391a; VI, 
926). 

MYRTILLJDIN, a mixture of nntho- 


cyanidins obtained by the hydrolysis of mjTtiUin 
(t). infra). 

W. B. 


MYRTILLIN. This name was given by 
WillsUltlcr and Zollinger (Annalen, 1915, 403, 
103) to a crj-slallino and nppnrcntl}' homo- 
geneous and distinct nnthoc 3 'anin, which they 
isolated from fresh, undried skins of bilberries 
(Hcidelbcercn, Vaccinium myrlillus L.). The 
chloride was assigned tlio composition 
C„„Hj 30 ,,CI, 4 H, 0 . Further work (i 6 i(f. 1917, 
41*2, 195) led to the conclusion that myrtiUin was 
a galactosido of a monomethyldclphinidin. 
Karrcr and Widmer (Ilelv. Chiin. Acta, 1927, 
10, 5) and Boll and Robinson (J.C.S. 1934, 136, 
813) have shown, liowovcr, that tho bilberry’’ 
pigment is a complex mixture of anthocyanins 
in which a monoglucoside and a monogalnctosido 
of dclphinidin, a mnlvidin monoglucoside and a 
petunidin monoglj-coside are present. Rcymolds 
and Robinson {ibid. 1934, 136, 1039) consider 
that tho dclphinidin glucosido is almost certainly 
the 3-P-glucosidc, since all tho monoglucosidic 
anthocyanins of natural origin so far isolated 
(callistcphin, chrysanthomin, oxycoccicymnin, 
and oenin) belong to this ty-pe. They’ propose 
tho name rayTtillin-a for tho glucosido, and 
myrtillin-b for tho galactosido of dclphinidin 
which occur in tho slcins of bilberries. 

W. B. 

MYRTLE OIL. MYRTOL. Myrtle oil 
is obtained by steam distillation of tho leaves of 
Myrlus communis (Fam. Sfyurtacoai) which 
grows abundantly in Mediterranean countries. 
The yellow or greenish-yellow oil, -ndth a re- 
freshing odour duo to myrtonyl esters, is obtained 
in about 0-3% yield. It also contains pineno, 
cineole, camphor, campheno, and traces of 
aldehydes. It is a reputed remedy in pulmonary 
diseases. Analytical results for tho oil over a 
period of ten years have been summarised : 
p^® 0-8792-0-8912, aj, +24° 30' to +28° 48', 
1-466-1-469, acid value (max.) 2-8, ester 
value 42-7-59-5, esters (as CjoHjoOn) 14-95- 
20 - 8 %, ester value after acetylation 88-3-105-7, 
soluble in 0-2-1-5 vol. of 90% alcohol (Etabl. 
Antoine Chiris, Parfums do IVance, 1936, 13, 
239 ; Amer. Chem. Abstr. 1936, 30, 246). 

Myrtol . — Tho fraction of myrtle oil boiling at 
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160-180° contains esters of myrtenol (this VoL, 
p. 261c) and was formerly estensirely pre- 
scribed under the trade name “ JUyrfol ” for 
diseases of the Itmgs. Later its efficacy was 
questioned, and according to Gatti and Gayola 
{ibid. 1923, 17, 2150) myrtle oil is inferior in 
therapeutic value to the oils of eucalyptus and 


myrtle wax. Myrtle berry wax. Laurel 
wax, Bayberry wax. Cape berry wax, is obtained 
firom the fruit of Myrica spp. (Earn. Myricacese) 
chiefly from if. cerifera in North America, if. 
cordifolia in Cape Colony and if. jalapertsis in 
Mexico. The wax is obtained in 20% yield by 
boiling the berries with water. The description 

wax ” is a misnomer since the substance is a fat 
consisting chiefly of palmitin which is obtained 
in a pure state by ciystaUising-four times from 
light petroleum (Smith and Wade, J. Amer. 
Chem. Soc. 1903, 25, 629). The wax has m.p. 
48°, pjj.j 0-878, sap. value 217, iodine value 3-9 
(Sunfk and Wade, I.e.). The Mexicaw -wax 
{supra) gave m.p. 43-2°, p®® 0-8763, sap. value 
214-5, iodine value 2-38, acid value 4-07 (Olsson- 
SeSer, Bull. Imp. Inst. 1909, 7, 411). The wax 
is used as an ingredient of candle wax and of 
polishes for leather. 

J. N. G. 

M YT I L I TO L, methylcyclohexanehexol, 
CyH„06,2H20, 

is a crystalline cyclose obtained in 0-015% yield 
from the flesh of the common sea mussel, 
Mytilus edults (Ackermann, Ber. 1921, 54 [B], 
1938). It has m.p. 272°, is only slightly soluble 
in cold water and is insoluble in the usual organic 
solvents ; it has a faintly sweet taste, is optically 
inactive, and does not reduce ammoniacal silver 
nitrate or Fehling’s solution (Daniel and Doran, 
Biochem. J. 1926, 20, 676). 

J. N. G. 

M YXOXANTH 1 N (t-. Vol. H, 400d). 

NAADSTEENEN (v. Vol. m, 573c). 

NACRITE (». Vol. m, 196a). 

NAGA RED, Nagana Red, is a benzopur- 
purin dyestuff, the sodium salt of benziffine- 
disazo-bis-2-naphthylamine-3:6-disulphomcacid, 
proposed as a tiypanocide for the treatment of 
the African cattle disease “ nagana,” but was 
effective only in vitro (Ehrlich and Hata, 
“ Experimental Chemotherapy of Spirilloses,” 
London, 1911). 

J. N. G. 

NAGYAGITE. A sulpho-teUuride of lead 
and gold, of uncertain formula, probably 
Pb 5 Au(Te,Sb) 4 S 5 _g. It contains approxi- 
mately Pb 54, Te 20, S 10, Au 8, Sb 8%, rrith 
small amounts of silver and selenium. The 
crystal form may be monoclinic, though the 
X-ray elements have recently been stated in 
terms of a tetragonal cell. It occurs as thin 
tabular crystals and foliated masses, the perfect 
cleavage flakes being flexible and ^ghtly 
malleable, -with a blackish lead-grey colour and 
splendent lustre. Hence popularly called 
“ foliated tellurium ” and “ black tellurium.” 
Hardness 1—14, p 7-4. An uncommon mineral, 
formerly found in some abundance in Tran- 


i^lvania at Nagyag, and also reported from 
Kalgoorlie in Western Australia, New Zealand, 
and various localities in the United States and 
elsewhere. 

D. W. 

NAHCOLITE. Sodium carbonate minerals 
include thermonatrite (NajCOj.HoO), natron 
(NUjCOj,! 6H,0), and trona 

(Na 2 C 03 ,NaHC 03 , 2 Hj 6 ). 

The bicarbonate (NaHCOg), named naheolite 
from the formrda, has recently been recogm'sed 
in the presence of free carbon dioxide or of cal- 
cium bicarbonate solutions; in the dry salt 
lake of Little Magadi in Kenya Colony (Wdther, 
Amef. Mm. 1922, 7, 86) ; in an ancient Roman 
conduit near Naples (Bannister, Llin. Mag. 1929, 
22, 53) ; and in some abimdance in bores in the 
salt crust of Searles Lake in California (Foshag, 
Amer. Min. 1940, 25, 769). 

L. J. S. 

nail-head spar {v. Vol. VI, 203c). 

NAMARA potato (r. Vol. I, 497o). 

NAND I N I N E (u. Vol. IV, 55a). 

nankin (r. Vol. I, 1336). 

NAPHTHA, a term frequently applied to 
various mixtures of volatile hydrocarbons ob- 
tained by fractional distillation of petroleum or 
by destructive distillation of coal, Kgnite, peat, 
and shale, although wood naphtha (Vol. I, 
183d; m, 55Sa) is crude methyl alcohol 
(this Vol., p. 12c). The chief uses of the 
hydrocarbon naphthas are as solvents and 
diluents in the varnish, paint, and lacquer in- 
dustries (Vol. n, 472a). Coal tar naphtha 
(Vol. m, 2116, 2146). lAghl solvent naphtha, 
boiling range (b.r.) 110-160°, contains toluene 
and the xylenes. Heavy naphtha, b.r. 160-190°, 
contains alkyl xylenes, coumarone, and indene 
and is used in the manufacture of synthetic 
resin (Vol. HI, 4136). [For toxicity of solvent 
naphtha, see Taylor, Chem. and Ind. 1939, 17, 
1078.] Petroleum naphtha. Light naphtha, b.r. 
90% below 125°; V.M.P. naphtha or varnish 
makers’ and painters’ naphtha in the United 
States, “ X44 spirit ” in England, b.r. 100-160°. 
Heavy naphtha, turpentine substitute, b.r. 90% 
below 200°. 

For solvent properties of naphthas, see T. H. 
Durfans, “ Solvents,” 4th ed., London, 1938 ; 
I. Mellan, “ Industrial Solvents,” New York, 
1939 ; for toxicity, v. supra, and “ Toxicity of 
Industrial Organic Solvents,” Industrial Health 
Research Board, Report No. SO, 1937, H.M. 
Stationery Office. 

J. N. G. 

NAPHTHACENE, 



Naphthacene, 2:d-benzanthracene, ietracene, 

is contained in the highest boiling fractions of 
coal tar (Coulson, J.C.S. 1934, 1406) and is 
identical -with the yellow impurity in com- 
mercial anthracene which had been named 
chrysogen and crackene Vol. I, 385a; HI, 
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119c). Naphfchacone forms bright orange plates 
or filaments, m.p. 367° (Dufraisso and Horclois, 
Bull. Soo. chim. 1936, [v], 3, 1873). When 
heated above 300° it sublimes, forming a greem'sh- 
yellow vapour. It is insoluble in benzene but 
dissolves in sulphuric acid, forming a moss-grccn 
solution. Oxidation vrith fuming nitric acid 
gives naphthacenequinone (a. infra). Tho 
colourless photo-oxide, CigHijOo, is fonned on 
exposing a solution in carbon disulphide to 
oxygen and light. A similar behaviour is shown 
by anthracene and by aiylnaphthacones, 
coloured hydrocarbons classified ns rubcncs. 
The photo-oxide of 6:6:ll;12-tetraphcnyl- 
naphthacene, rubrenc, emits light and evolves 
oxygen when heated, regenerating the parent 
hydrocarbon (Kon, Chom. Soc. Annual Rep. 
1932, 29, 176; Cook, ibid. 1942, 39, 188; 
Bergmann and McLean, Chemical Remews, 
1941, 28, 388). Clar has prepared tho linear 
benzologues of naphthaceno : pentaccnc, deep 
blue (Ber. 1930, 63 [B], 2967), hcxaccnc, deep 
green {ibid. 1939, 72 [B], 1817 ; 1942, 75 [B], 
1286), lieplacene, almost black, green in thin 
layers {ibid., p. 1330). 

J. N. G. 

NAPHTHACENEQUINONE, 2:3-6caz- 
anfhraqtiinone, 2\Z-plithaloylnaphihalcne., 

^ 18 ^ 10 ^ 2 * 



Yellow needles, m.p. 294° from nitrobenzene, is 
only slightly soluble in tho usual organic solvents 
but dissolves in sulphuric acid giving a reddish- 
■dolet solution. It is prepared by oxidation with 
litharge at 330° of tetramethyleno-2:3-anthrn- 
quinone obtained by condensing phthalic 
anhydride with tetralin. Redviction by passage 
over zinc dust gives naphthaceno {v. supra. 
For alternative methods, see Ficsor, J. Amor. 
Chem. Soc. 1931, 53, 2329 ; Waldmann and 
Mathiowetz, Ber. 1931, 64 [B], 1713). Tho 
preparation of derivatives was described in a 
series of papers by Weizmann et al., J.C.S. 
1903-1909. Clar has discussed tho absorption 
spectra and reactivities of naphthacenequinone 
and its derivatives (Ber. 1936, 69 [B], 607; 
1940, 73 [B], 81, 696). A yellow vat-dyestuff, 
l-benzamido-2:Z-benzanth,raquinone, was prepared 
by Waldmann and Polak (A. 1938, II, 104). 

J' N. G. 

NAPHTHALENE. 

Introduction. — This article is divided into three 
main parts : 

(I) Naphthalene and its derivatives {v. 
infra). 

(H) Alkylnaphthalenes and their derivatives 
tives (p. 389a). 

(Ill) Hydrogenated naphthalenes and their 
derivatives (p. 4096). 

A synopsis of each branch of the subject is 
beginning of the appropriate part, 
toUowing abbreviations are employed for 
tae names of firms to which frequent reference 
is made in tlie text of this article t 


Aktionges. . . AktiongeseUschaft filr Anillnfabrika* 

tion in Berlin. 

B.D.C. . . . Brltisli Dyestuffs Corporation, Ltd. 

Badlsoho . . Badlscho Anilln- und Soda-Fnbrik in 

Ludwigshafen a. llli. 

Bayer . . . Farbcnfabrlkcn vonn. F. Bayer & 

Co. in Elberfeld. 

Blndsch. . . Basler cbemischer Fabrik, vorm. 

Bnsler cbem. Fabrik Bindschedlcr 
in Basel. 

Bronnor . . Farbfabrik vorm. Brenner In Frank- 

furt a. JI. 

Cassella . . Anillnfarbenfabrlk von L. Cassella 

& Co. in Frankfurt a. JI. 

Dald . . . Dab! & Co. in Barmen. 

Du Pont . . E. I. Du Pont de Keinours & Co. 

Qelgy . . . Anllinfarbcn- und Bstrakt-Fabrlken 

vorm. J. It. Gcigy in Basel. 

QcscUscli. . . Qescllscliaft filr cliemiBClio Industrie 

in Basel. 

Gricslicim . . Clicmiscbo Fabrik Grieslicim-Eiek- 

tron in Frankfurt a. M. 

ncydon . . Chcmisclio Fabrik von Heyden, 

Aktiengcscllscbaft in Badebeul be! 
Dresden, 

Hochst . . . Farbwerko vorm. Jtelstcr, Lucius 

und Briinlng in Ilbchst a. II. 

I.C.I. . . . Imperial Chemical Industries, Ltd. 

I.G Intcrcssen Gcmclnschaft dor Farbcn- 

Industric Akt. Gcs. 

Kailo . . , Kalle A Co. Aktiengcscllscliaft in 

Blebrich a. Kh. 

Landsboff . . Ciiomlsclie Fabrik Grllnau, Lands- 

lioff und Moyer. 

Lconliardt . . Farbwerk MUllielm vorm. A. Lcon- 

bardt ifc Co. in Miilhclra bcl 
Frankfurt. 

Sandoz . . . Chcmischc Fabrik vorm. Sandoz in 

Basel. 

SeboUkopf . . SebbUkopf Aniline and Cbemlcal Co., 

Buffalo (U.S.A,). 

Vcrcin . . . Verein cbemiselier Fabrlkcn In 

Mannbcim. 

PART I. NAPHTHiVLENB AND 
ITS DERIVATIVES. 

Si'Norsis or thb Subject. 

Naphthalene (p. 20 Jo): Historical (p, 2046) ; Formation 
and Sources (p. 2016); Isolation and PuriOcatlon 
(p. 205a) ; Properties fp. 2056) ; Tests (p. 20.5tf) ; 
Analysis (p. 2G(ia) ; Production (p. 2006) ; Uses 
(p. 200c) : Iteactlons (p. 2076) : Molecular Coni- 
pounds(i). 2086) ; Clicmlcn! Constitution (p. 2086) ; 
Substitution (p, 208ci) ; Sulplionation (p. 270(1) ; 
Coupling wltli Dinzo-compounds (p. 2726) ; Bi- 
BUlpblto Ilcnctlon (p. 273c) ; Dlazotlsatlon of 
Naplithylamlncs (p. 2746). 

Chloronaphthalenes (p. 275o); Kaphtbaieno Cldoridcs 
(p. 277c) ; Cbloronaplitlialencsulpbonlc Acids 
{p. 277d). 

Bromo-and lodo-naphthalcnca (p. 270ff). 

Naphthalenesulphonlc Acids (p. 280n) ; Mono- (p. 2806), 
Dl- (p. 283n), Trl- (p. 285d), and Tctra-sulplionio 
Acids (p. 2876). 

Nltronaphthalenes (p. 288n) ; Nltronnpbthnlcnesul- 
pbonle Acids (p. 280(i); Chloronltronnphtlinlencs 
(p. 20Ca). 

Naphthylamlnes (p. 208c); a-Naphthylamlno (p. 2986) ; 
a-Napbtliylamlnesulpbonic Acids (p. 300c) ; 
Naphtbasultam Derivatives (p. 3116): Cldoro-a- 
naphtbylamincs (p. 3126); Nitro-a-naplitbylamincs 
(p.312d); 8-Napbtbylnmino(p,314a); jS-Napbtbyl- 
amlnesulpbonic Acids (p. 317o) ; Halogcno-S- 
napbtbylaminesfp. 323a); Nltro-fi-naphthylamines 
(p. 323c). 

DIaminonaphthalones (p. 324d) ; Diaminonapbtbnlene- 
Bulphonio Acids (p. 32id), 

Trlamlnonaphthalenes (p. 331a). 

Naphthols (p.331o);a-Napbtbol (p. 3316) ; a-Napbtbol- 
Bulpbonlo Acids (p. 332c) ; Halogono-a-napbtliols 
(p.338a); Nltro-a-naphtIiola(p.338c); ^-Napbthol 
(p. 340(i) ; ^-Kapbtholsulphonlc Acids (p. 3426) ; 
Halogcno-^-naphthols (p. 348a) ; Nltro-^-naph- 
tbols (p. 349a). 

Aminonaphthols (p. 349(i) ; Amlnonaphthoisulphonic 
Acids (p. S52c) ; Nitroaminonaphtbolsulphonlo 
Acids (p. 3016) ; Diaminonapbtbols (p. 3026). 
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Dihydroxynaphthalenes (p, 3636) ; Dihyi^ox^aphtha 
lenesulphonic Acids (p. 3666) ; Aminodiliydroxy- 
naplithalenes (p. 3706) Dlaminodihydroxynaph- 
thalenes (p. 371a). 

Trihydroxynaphthalenes (p. 371a). 
Tetrahydroxynaphthalenes (p. 371d). _ 

Mercaptans and Sulphides (p. 3726). 

Aldehydes (p. 373c). 

Carboxylic Acids (p.374a); Naphthoic Acids {p. 3/ 4o) ; 
Aminonaphthoic Acids (p. 374c) ; Hydroxy- 
naphthoic Acids (p. 375o) ; Dihydroxj-naphthoic 
Acids (p. 378o) ; Dicarhoxylic Acids (p. 378c) ; 
Hydroxydicarboxylic Acids (p. 379c) ; Dihydroxy- 
dicarhoxylic Acids (p. 379di; Polycarhoxj’iic Acids 
(p. 380a). 

Quinones (p. 380a): Hydroxynaphthaquinones (p. 382d) ; 
Naphthaquinonestdphonic Acids (p. 384d) ; Naph- 
thaquinoneoxiines (p. 385o). 

Arylnaphthalenes (p. 386d). 

Dinaphthyl Compounds (p. 3876). 

Introduction. 

Naphthalene, CjoHg, is one of the most im- 
portant hydrocarbons of the aromatic series. 
It is present in crude coal gas and is formed 
ahimdantly in the distillation of coal tar, this 
being the main commercial source of supply 
although some may be obtained from petroleum 
cracking. It had little technical importance 
untH the discoyeiy, dating from about 1876, of 
the value of its derivatives, naphthylamines, 
naphthols, and their sulphonic acids, as inter- 
mediates for the manufacture of dyes. Since 
then intense effort has been devoted to the study 
of naphthalene and its derivatives, many of 
which have become of great technical import- 
ance. In the field of naphthalene chemistry 
academic and technical progress have been and 
still are so interdependent that, for technical 
purposes, any account of the subject needs to be 
as complete as possible on both sides. Never- 
theless the amoxmt of research which has been 
done is so extensive that much has had to be 
omitted from this account or dismissed with the 
briefest reference. 

Historical. — ^The production of naphthalene in 
the manufacture of coal gas seems to have been 
noticed first by Clegg (c/. Brande, Quart. Joum. 
Sci. 1820, 8, 287) ; its discovery in coal tar, 
however, was made in 1819 simultaneously by 
Garden (Annals. Phil. 1820, 15, 74) and Brande 
(I.C.), the latter regarding it as a hydrocarbon 
(c/. Thomson, Schweig. J. 47, 337). It was 
further examined by Kidd, who named it 
“ naphthaline ” (Phil. Trans. 1821, 209), by 
lire (ibid. 1822, 473), and by Chamberlain 
(Annals. Phil. 1823, [ii], 6, 135). Its com- 
position was first determined by Faraday during 
his investigation of its isomeric monosulphonic 
acids (Phil. Trans. 1826, 159) and later by 
Laurent (Annalen, 1832, 3, 11). 

Formation and Sources. — Naphthalene is a 
usual constituent of the products obtained by 
heating organic substances at comparatively 
high temperature. Thus, methane or acetylene 
(Berthelot, Bull. Soo. chim. 1867, [ii], 7, 306), 
alcohol or acetic acid (Berthelot, Ann. Chim. 
Phj^s. 1851, [iii], 33, 295) or toluene, xylene, 
and cumene or a mixture of benzene or styrene 
with ethylene (Berthelot, Compt. rend. 1866, 
63, 790, 834 ; Bull. Soc. chim. 1866, [ii], 6, 268 ; 
1867, [ii], 7, 218, 278, 285) passed through a red- 
hot tube filled with pumice give some naphtha- 
lene. Further work on the same lines has been 
done by Ferko (Eer. 1887, 20, 660), Graebe 


(ibid. 1874, 7, 49), Lorenz (ibid. 1874, 7, 1097) 
and CameUey (J.C.S. 1880, 37, 705). 

Similarly passing the residues of Baku 
petroleum through a red-hot tube gave some 
naphthalene (Rudnew, Dinglers polytech. J. 
1881, 239, 72; and earlier workers). In a 
similar way naphthalene has been obtained from 
the offs of brown coal tar (Liebermann and Burg, 
Ber. 1878, 11, 723) and pinewood tar (Atterberg, 
ibid. 1878, 11, 1222). According to Cosjiug 
(Petroleum, 1935, 31, 5) naphthalene is present 
in crude Rumanian oil. 

Naphthalene is present in oil-gas tar (Arm- 
strong and Miller, J.C.S. 1886, 49, 80), but its 
main source is in the tar produced by the high- 
temperature carbonisation of coal in the manu- 
facture of gas and coke. It is not a normal 
constituent of tar from low-temperature car- 
bonisation, though naphthalene has been found 
in the primary tar from Dalton Main coal 
carbonised at 450° (Morgan, Fuel, 1931, 10, 183). 
Morgan (J.S.C.I. 1932, 51, 75t) found that 
carbonisation of a coal at 625° gave tar con- 
taining only a trace of naphthalene whereas the 
same coal carbonised at 1,350° in a horizontal 
retort gave a tar containing 7-1% naphthalene 
in the di^*^ tar. The same coal carbonised at 

I, 260° in a vertical retort gave a tar containing 
only 3-3% of naphthalene. Comparing hori- 
zontal and vertical retorts, Hohnquist (Gas- u. 
Wasserfach, 1932, 75, 700) found that while 
with horizontal retorts the naphthalene was 
30 g. per 100 cu.m, of gas, with vertical retorts 
it was only 13 g. 

From a study of the equilibria of aromatic 
hydrocarbons from the cracking of petroleum 
it has been concluded that naphthalene makes its 
appearance at the point where the toluene- 
xylene content passes its maximum (Rittmann 
and Twomey, Ind. Eng. Chem. 1916, 8, 20), the 
temperature at which it first appeared being 
750° with a gas oil obtained in refining crude 
Pennsylvanian petroleum (Egloff and Twomey, 

J. Physical Chem. 1916, 20, 145). Kosaka and 
Oshima (B. 1927, 691) have concluded that the 
naphthalene of high-temperature coal tars is 
largely produced by the decomposition and 
recombination of phenolic compounds. The 
thermal decomposition of a coal tar obtained by 
distilling coal in vacuo at 450° has been studied 
by Jones (J.S.C.I. 1917, 36, 5), who foimd that 
the higher olefins are at a maximum at 500° but 
at 750° these have practically disappeared, their 
disappearance coinciding with the appearance 
of naphthalene. 

In addition to appearing in coal tar naphtha- 
lene naturally contaminates coal gas and, unless 
the amount is effectively reduced, it leads to 
blockage of pipes in cold weather. The coal gas 
must therefore be washed with a solvent. 
Schuster (Gas- u. Wasserfach. 1932, 75, 693) states 
that tetraJin is an excellent solvent for this 
purpose and has been used in one plant for 
several years. Verein Stahlwerke (B.P. 366712) 
claim the use of a mist of water to separate 
naphthalene from gas while N. V. Silica en 
Ovenbouw Mij. (B.P. 337723) introduce a 
solvent into the gas stream which then passes 
through an electrical precipitator when the sol- 
vent containing the naphthalene is precipitated. 
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Synthetic methods of preparing naphthalene 
have been described by Aronheini (Bor. 1873, 
6, 67) Wreden and Znatonaez {ibid. 1876, 9, 
1606), and Baej'^er and Perkin {ibid. 1884, 17, 
448). According to Bradlc}' and Jacobs (B.P. 
26061, 1898) naphthalene is formed by heating 
barium carbide -(rith barium hydro.rido at 800- 
1 , 000 °. 

Isolation and Purification . — ^Naphthalene oc- 
curs in the “light oil” (b.p. 110-210°) and 
“ creosote oil ” (b.p. 210—240°) hut most 
abundantly in the intermediate fraction, “ car- 
bolic oil ” (b.p. 240-270°) of the tar distiller. 
Naphthalene crystallises out on cooling the 
“ carbolic oil ” and is separated by draining and 
the crystals farther purified by hydraulic press- 
ing at 50-60°, the resulting product in the form 
of round cakes usually of a grey colour being 
knoum as “ hot pressed naphthalene.” The 
hot pressed naphthalene before being used for 
any chemical purpose is usuallj' purified by 
treatment ■with sulphuric acid, removal of acid 
by ■water and caustic soda and finall}' fractional 
distillation. A good account of this treatment 
is given by Skopnik (Chcm.-Ztg. 1927, 51, 211) 
and G. T. Morgan and J. D. Pratt, “ British 
Chemical Industry,” London, Ed^svard Arnold 
and Co., 1938, p. 217). The tar-oil fraction is 
redistilled and the naphthalene allowed to 
ciystallise slowly, the crystals are well drained 
and then hot pressed at 60-60° at a pressure of 
300 atm. The crude naphthalene (m.p. 79- 
79d°) is melted and washed hot, first -nith 
1% by ■weight of sulphuric acid {p 1'70) to 
remove moisture and secondly ■with 3% by 
weight of sulphuric acid (p 1*84) to polyuncrise 
impurities. After washing ■\rith water and finally 
■with caustic soda the naphthalene is fractionally' 
distilled under vacuum. The first rimnings arc 
retmmed for further treatment and tho main 
fraction collected ha^ving m.p. 79'9°. This 
product should give no coloration on melting 
■with an equal volume of concentrated sulphuric 
acid or on standing for 2 hours over concen- 
trated nitric acid. According to Ozcrsld (B. 
1936, 970) tho losses on purification are usually 
3-6% by hot pressing, 6'8% by washing, and 
^■8% by rectification. 

There are numerous patents dealing with 
minor variations on tho above scheme of purifi- 
cation. Many other methods have also been 
proposed, e.g., by treatment 'with air or oxygen 
(Ges. fiir Teerververtung m.b.H., G.P. 277110; 
Eiitgerswerke A.-G., B.P. 505742), treatment 
with ferric chloride (Oberschlesicho Kokswerko, 
and Chem. Pabr. A.-G., P.P. 583270), with 
aliminium chloride (Ges. fiir Teeverwertung, 
^397), and by crystaUisation from hydro- 
naphthalenes (Kutschenrouter, G.P. 317634). 

A ^ore highly purified naphthalene is required 
or the ^ hydrogenation of naphthalene or for 
production of nitronaphthalene for catalytic 
reduction to o-naphthylamine since it is neces- 
sapr to remove catalyst poisons, particularly 
sulpliw compounds {v. Tetralin, this Vol., 
p. 413c). ’ 

Properties . — ^Naphthalene purified by crystal- 
mation from ether has m.p. 80-21-80-23° (He 

1931, 40, 195). 

-rmeu and Wilhelm have determined the b.p. at 


760 mm. as 217'95° and have determined the 
formula for tho effect of pressure over tho range 
700-800 mm. (J. Amor. Chem. Soc. 1925, 47, 
1577). Tho heat of evaporation of naphthalene 
is 18,280 g.-cal. per mol. (Andrews, J. Physical 
Chem. 1920, 30, 1497). Tho heat of com- 
bustion is variously given as 9,613'7 g.-cal. 
(SclilSpfcr and Pioroni, Hclv. Chim. Acta, 1923, 
6, 713); 9,014-2 g.-cal. (Kclller and Guthrie, 
J. Physical Chem. 1927, 31, 58) ; 9,003 g.-cal. 
(Kcfflcr, J. Chim. phys. 1931, 28, 457). The 
molal latent heat of fusion is calculated from 
solubility determinations as 4,440 g.-cal. (Sunier 
and Boscnblum, J. Phy'sical Chem. 1928, 32, 
1049). Kolossovsky' (Bidl. Soc. chim. Belg. 
1925, 34, 221) determined the difference between 
tho real and apparent molecular heat of naphtha- 
lene in a number of solvents. Tho critical 
temperature of naphthalene is 470-5° (Shura vlev, 
J. Phys. Chem. Russ. 1937, 9, 875). 

The solubility of naphthalono in methy'l, ethyl, 
propyl, and butyl alcohols between 20° and 70° 
has been determined, tho solubility increasing 
in this order (Sunier, J. Phj-sical Chem. 1930, 34, 
2582). Tho solubilitj’ in benzene (100 parts) is 
.30-02 at 0° and 85-5 at 31° ; in tolucno 23-5 at 
0° .and 77-1 at 3.3°; in .xylene 18-92 at 0°, 07-05 
at 33°, and 90-06 at 41° (Schliipfer and Elachs, 
Helv. Chim. Acta, 1927, 10, 381 ; c/. Rhodes 
and Eisenhauer, Ind. Eng. Chem. 1927, 19, 414). 
The coefficient of .‘■■olubilitj’ of naphthalene 
%-apour in tetralin has been determined by Jlauras 
(Bull. Soc. ehim. 1937, [v], 4, 49). Weissenborger 
(Z. angew. Chem. 1927, 40, 770) gives tho solu- 
bility data for naphthalene in tetralin, hoxalin, 
mcthyUiexalin, and dccalin at various tempera- 
tures up to 50°. In tetralin tho solubility in g. 
per 100 g. solvent is 50 g. at 30°, 37 g. nt 20°, 
27 g. at 10°, and 19 g. at 0°. Colloidal solutions 
of naphthalene can bo formed in aqueous sucrose 
(Weimarn, Kolloid-Z. 1930, 51, 100). Naphtha- 
lene volatilises at temperatures considerably 
below its boiling-point. It is rcadliy volatile 
in steam and Naumann (Ber. 1877, 10, 2016 ; 
1878, 11, 33) has determined tho relevant data 
at 759-5, 757, and 733 mm. pressure. At 
759-5 mm. tho temperature of tho liquid is 
97-8°, of tho vapour 99-2°, and tho ratio of 
distilled naphthalono to water is 100:520. 
Andrews (J. Physical Chem. 1926, 30, 1497) has 
determined tho vapour pressure of naphthalono 
nt low temperatures. Barker (Z. physikal. 
Chem. 1910, 71, 235) gives tho vapour pressure 
of naphthalene ns 0-064 mm. nt 20°, 7-4 mm. nt 
80°, and 18-5 mm. nt 100°. 

Tests. — Naphthalene is usuall}' purchased 
either as crude “ hot pressed ” material or as the 
purified product. The quality of tho “ hot 
pressed ” material is typified by tho folio-wing 
specification: c.p. not below 77-5°, residue on 
ignition not above 0-2%, residue on volatilisation 
at 250° not above 0-3%, and moistmo not above 
1%, Pure naphthalene of a quality normally 
used in manufactiuro is typified by the folio-wing 
specification : c.p. not below 79-6°, moisture not 
more than 0-2%, and the coloration -with hot 
sulphuric acid not more than a faint pink. A 
detailed description of tho analysis of naphtha- 
lene is given in Lunge and Keane’s “ Technical 
Methods of Chemical Analysis,” Vol. IV (2nd ed.). 
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The coloration of naphthalene with hot concen- 
trated sulphuric acid may he defined against 
colour standard solutions made from cobaltous 
nitrate and sodium sulphide. Another colour test 
is that the material exposed to the vapour of 
concentrated nitric acid should not show dis- 
coloration dming 2 hours. 

Analysis. — The determination of naphthalene 
in coal gas or the various tar-oil fractions is 
usually made hy methods dependent on the 
formation of the sparingly soluble picrate. As a 
qualitative test this will detect as little as 1 mg. 
of naphthalene. There is a considerable litera- 
ture on the estimation of naphthalene in coal 
gas and an account of several picrate methods is 
given in Lunge and Keane’s “ Technical Methods 
of Chemical Analysis.” The picrate method of 
Colman and Smith (J.S.C.I. 1900, 19, 128) was 
modified hy Jorissen and Eutten (ibid. 1909, 28, 
1179). Modifications of the method are given 
by Seebaum and Oppelt (Gas- u. Wasserfach, 
1934, 77, 280), Knublauch (Gas J. 1917, 137, 61 ; 
J.S.C.I. 1917, 36, 702), and Walters (ibid. 1926, 
45, 205t). IJ.G.T. Contracting Co. (U.S.P. 
1443330 ; 1678591) propose a method in which 
coal gas is passed through a standard solution of 
picric acid and the usage of picric acid deter- 
mined hy the increase in electrical resistance of 
the solution. 

Eor the determination of naphthalene in tar- 
oil, Mezger (Gas- u. Wasserfach, 1921, 64, 413 
and 722) passes purified coal gas through the oil 
in presence of dilute phosphoric acid at 65-70“ 
and absorbs the volatilised naphthalene in picric 
acid solution. Alternatively, the tar-oil may be 
shaken with picric acid solution and the excess 
of picric acid determined in the filtrate (Shdanov 
and Zelvjanskaja, B. 1940, 510). Kirby (J.S.C.I. 
1940, 59, 168) describes the procedure for 
determining naphthalene in aU grades of creosote 
salts and tar-oils. 

Calcott, English, and Downing (Ind. Eng. 
Chem. 1924, 16, 27) determine the naphthalene 
content of crude naphthalene by volatilisation 
from caustic soda, sulphonation of the volatilised 
product and oxidation with vanadic acid, the 
excess of the latter being titrated with per- 
manganate. 

The moisture in naphthalene may be deter- 
mined by the Dean and Stark method of distil- 
lation with xylene, or by the change in the 
critical solution temperature of a standard 
toluene-water mixture after addition of the 
moist naphthalene (Calcott, English, and 
Downing, l.c.). 

Production. — ^During the decade preceding the 
outbreak of war in 1939 there had been a rapidly 
growing demand for naphthalene, and a corre- 
sponding increase in production. This increased 
demand was mainly due to the rapidly expanding 
use of phthalic acid and its anhydride for the 
manufacture of synthetic resins and of phthalic 
esters for use as plasticisers, the phthalic acid 
being exclusively manufactm-ed from naphtha- 
lene. Great Britain in 1929 produced about 
18,480 tons, and in 1936 the amount had in- 
creased to 31,250 tons. Exports in the latter 
year were about 11,750 tons, of which about 
6,000 tons went to the U.S.A. Figures for pro- 
duction and use of naphthalene in the U.S.A. 


are given in the United States Tariff Commission 
Report No. 131, 2nd Series, 1938, on “ Synthetic 
Resins and their Raw Materials.” Production 
in 1937 is given as 116,979,000 lb. of crude and 
62,194,000 lb. of refined naphthalene, the selling 
price being 0-06 dollars per lb. The U.S.A. im- 
ported a farther 62,664,277 lb. of crude. 

The world production of naphthalene in 1936 
was estimated at 200,000-210,000 metric tons 
(sec Chem. Ind. 1938, 61, 27). Germany then 
was stUl the world’s largest producer, although 
her share of the total production had fallen 
from 40% in 1929 to 25% in 1936. Great 
Britain and the United States were each re- 
sponsible for 18-20% of the total. For further 
details of the production, imports, and exports 
of naphthalene by different countries, the refer- 
ences given should be consulted. 

Uses. — ^The most important outlets for 
naphthalene are in the dyestuffs industry and 
the manufacture of phthalic anhydride for 
synthetic resins. It is also used in the manu- 
facture of lampblack, as an addition to enrich 
illuminating gas and motor fuel, and as an 
insecticide and soil fumigant. Chlorinated 
naphthalenes find use as synthetic waxes, 
valuable on account of their dielectric properties.' 
Although the study of naphthalene chemistry is 
usually associated with the dyestuffs industry, 
during more recent times the products of that 
study have been finding applications in other 
dkections, for instance, in medicinal substances 
and to an important extent in rubber preserva- 
tives. Some of these uses are as follows ; 

In the rubber industry phenyl-a-naphthylamine 
and phenyl-jS-naphthylamine have considerable 
use as “ anti-agers ” (Goodyear, B.P. 281616). 
p-Hydroxy- and p-ethoxy-phenyl-j3-naphthyi- 
amine has also been proposed as a rubber 
“ anti-ager ” (Du Pont, B.P. 428146 ; Wingfoot 
Corporation, U.S.P. 2020291). The condensa- 
tion products of acetaldehyde with a-naphthyl- 
amine (Clayton Aniline Co., B.P. 316761) or 'with 
a mixture of a- and jS-naphthylamines (B.D.C., 
B.P. 280661) have found a considerable use for 
the same purpose. The condensation product 
of aldol and a-naphthylamine has also been 
proposed as an “ anti-ager ” (Goodrich, U.S.P. 
1855788 ; I.G., B.P. 333941). Thio-^-naphthol 
is used as a plasticiser in the milling of un- 
vulcanised rubber (Du Pont, B.P. 490292 ; 
I.C.I., B.P. 498302). 

A somewhat closely aUied problem is the 
stabilisation of fuel oil. Both phenyl-)8-naph- 
thylamine and a-naphthol have been proposed 
for this purpose (Gulf Oil Corp., U.S.P. 2048770 ; 
Gasoline Antioxidant Co., U.S.P. 2053466) as 
well as l:5-dihydroxynaphthalene (Du Pont, 
U.S.P. 2053421). Naphthalene may also be 
used in the petroleum industry for de-waxing 
(Katz, Przemysl Chem. 1934, 18, 408). For 
retarding oxidation of vegetable or animal oils 
both phenyl-)S-naphthylamine and a-naphthol 
have been proposed (Du Pont, U.S.P. 2041836 ; 
GiU Corp., U.S.P. 2036471). Olcott (J. Amer. 
Chem. Soc. 1934, 36, 2492) studied the pre- 
vention of autoxidation of lard by hydroxy- 
naphthalenes. 

Tri-^-naphthyl phosphate has been proposed 
as an addition to high-pressure lubricants (N. V. 
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de Bataafsche Pet. Maat., B.P. 424380) and tri- 
fi-naphtliyl phosphite similarly to prevent cor- 
rosion of bearings (Socony Vac. Oil Co., U.S.P. 

2068342). „ , w, , , 

An important use for alkjdnaphthalencsul- 
phonic acids is as U'dling and cmxihifyhig agents 
{see tinder alkylnaphthalenes, pp. 401d, 402c). 
The condensation product of naphfhnlcncsul- 
phonic acid and fonnaldehydo also finds appli- 
cation as a leather tanning agent (Badischc, G.P. 
292531). The formaldehyde condensation pro- 
ducts of naphthol- and naphthylaminc-snlphonic 
acids have also been proposed ns tanning agents 
(Deutsch. Kolonialo Gerb- u. FarbstofT-Gcs., 
G.P. 293041; 293640). 

As insecticide, crude naphthalene is a time- 
honoured soil dressing for control of vireworms. 
It is also used in control of miUipcdes (Orchard, 
Ann. Eeport of Expt. Bos. Sta., Chesliunt, 1933, 
19, 76) and in greenhouse fumigation (Si)cycr, 
ibid. 1935, 21, GS). a-Nnphth 3 -lamino and a- 
naphthol have been used for control of codling 
moth larvaj (Steiner and Marshall, J. Econ. 
Entomol. 1931, 24, 114G). Polychlorinated 
naphthalene (“ Ualowax,” “ SccL-ay irox ”) has 
also been used as an ovicide against blo\r-fl 5 ' 
(Breakey and hlillcr, ibid. 1935, 28, 358) and 
patented as a protection for wool and textile 
fabrics against insect attack (Gracssor-JIonsanto, 
B.P. 233993). 

A recent important development in horti- 
cultrire is the use as plant growth stimulant of a- 
naphthylacetic acid which vies with indolyl- 
acetic acid in potency (Zimmermann and Wil- 
co.xon, Contr. Boyce Thompson Inst. 1935, 7, 
209), 

In the field of medicinal products a-naphthjd- 
amine-4:G:8-tri8ulphonic acid is used for the 
preparation of the urea of Tn-aminobeuzoj’l-wi- 
aminomethylbenzoyl - 1 - naphtbj'lamine-4 :6 :8 • 
trisulphonate known as Bayer-205 and “ Antry- 
pol," an efiective trypanocido (Potdeno Frcrcs, 
B.P. 224849; c/. Foumcau ct al., Compt. 
rend. 1924, 178, G76). )3-Naplithylnminotri- 
sulphonates have been used to precipitate the 
active principles of diphtheria toxin and anti- 
toxin (Goldie, Compt. rend. Soc. Biol. 1935, 119, 
402; 1937, 124, 550, 1215). ^-Naphthyl 

benzoate and saticylato are used medicinallj' 
(Schwyzer, Pharm. Ztg. 1931, 76, 18G). A study 
of local ansestlietics in the naphthalene series 
was made by Blicke, Parke, and Jennor (J. 
Amer. Chem. Soc. 1940, 62, 3316), of sympatlio- 
Bajagopalan (J. In^an Chem. Soc. 
1940, 17, 567). [o-]Naphthaquinone derivatives 
nave antihasmorrhagic (Vitamin- A) activity {v, 
alkylnaphthalenes, p. 399a and Vol. VII, 87a). 


Reactions oe Naphthalene. 


Beduchon. — ^Being an unsaturated aromatic 
nymocarbon, naphthalene under the action of 
reducing agents can be hydrogenated, forming 
1 -, tetra-, hexa-, octa-, and doca-hydrides. The 
re notion of naphthalene will be fully discussed 
under a separate heading devoted to hydro- 
genated naphthalenes. The tetra- and deca- 
aydndes, known respectively as tetralin and 
ecalm, are of considerable technical importance, 
waafoon.— Oxidation of naphthalene, and of 
ts derivatives, may give two types of product. 


according to whether the naphthalene skeleton 
remains intact or whether fission of one ring 
occurs. The most usual product of the first typo 
obtained bj' direct oxidation is [a-]naphtha- 
quinonc; of the second type, phthalic acid or 
its anhj’dridc. Hj’droxjd derivatives (the naph- 
thols) arc not obtained bj' oxidation of naphtha- 
lene. When [a]-nnphthnquinono is produced it 
is accompanied b}' phthalic acid and other 
products, ns in oxidation by cliromic acid in 
acetic acid solution (Groves, J.C.S. 1873, 26, 
209 ; F. Bcilstcin and A. Kurbatow, Annalcn, 
1880, 202, 215) ; bj’ oxidation unth ceric sul- 
phate in sulphuric acid solution (Hochst, G.P. 
15SG09) ; and b}* elcctrolj’tic oxidation in 
presence of cerous salts (Uochst, B.P. 19178, 
1902). In the last-mentioned process, 20% 
snlphnric acid containing cerous sulphate forms 
the clcctrol^ric, the temperature being kept at 
40-G0°; eventually' all the naphtbaquinone can 
bo oxidised, the product being phthalic acid. 
The anodic oxidation of naifiithalone has also 
been studied bj' E. G. White and A. Lowy, who 
constructed an anode consisting of a mixture of 
G0% of naphthalouo and 40% of carbon pressed 
on platinum gauze, and obtained at 25° a 25% 
3 'icld of [a-]nnphtbaquinono with some phthalic 
acid (Trans. Elcctrochcm. Soc. 1932, 62, 107). 

When heated with neutral aqueous perman- 
ganate or nianganato solution, naphthalono 
can bo oxidised to an intermediate product, 
phthalonicacid, 0 -C 5 H^(CO 2 H)CO'CO 2 H. J. 
Tschcniinc obtained 10 parts of phthalonic acid, 
1'4 parts of phthalic acid, and 3'5 parts of un- 
changed naphthalene from 12 parts of naphtha- 
lene (G.P. 79G93 ; SG914 ; sec also Prochazka, 
Bcr. 1897, 30, 3109 ; Graobo and Triimp}’, ibid. 
1898, 31, 3G9 ; Daly', J. Physical Chem. 1907, 
11, 93). Other powerful oxidants such as nitric 
acid (p l'I5) at 130°, and chromic-sulphuric acid, 
give phthalic acid. 

The discovery' in 189G by' the Badischo Co. 
that naphthalene could bo oxidised in high y'ield 
to phthalic acid by heating with 15 parts of 
sulphuric acid (monohydratc) and O-G parts of 
mercuric sulpbato at 200-300° (G.P. 91202; 
B.P. 18221, 1896) was of great technical im- 
portance ns it provided a cheap process for the 
manufacture of phthalic anhydride ; this process 
has since been superseded by one based on the 
vapour-phase oxidation of naphthalene to 
phthalic anhy'drido by' air in presence of vana- 
dium pentoxido at 350-500°, discovered at 
about the same time by the Scldon Co. and Gibbs 
(B.P. 119518) and by A. Wohl (B.P. 146071). 
Largo numbers of patents have since been taken 
out covering the control and improvement of 
this process (v Phthalio ANHynmnE). Vanadyl 
chloride can bo used in the stream of naphtha- 
lene and air, in place of the solid vanadium 
pentoxido catalyst (B.D.C., A. 6. Green, and 
Porter, B.P. 1G4786). S. J. Green, who isolated 
i some [a-]naphthaquinono from the oxidation 
; product using the latter catalyst, considered it 
j to bo probably an intermediate product (J.S.C.I. 
1932, 51, 159t) and showed that tetralin gave a 
similar yield of phthalic anhydride. Recently 
A. Pongratz and co-workers have studied the 
oxidation of substituted naphthalene derivatives 
i by air over a vanadium pentoxide catalyst 
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whilst a-chloronaphthalene gives mainly 
phthalio anhydride and very little 3-chloro- 
phthahc anhydride, the ratio being 97:3, )3- 
chloronaphthalene gives phthalic and 4-chloro- 
phthatic anhydride in nearly equal amounts 
(63:47). The results, however, may be compli- 
cated through the occurrence of dehalogenation, 
for it is found that l:6-dichloronaphthalene 
jdelds a product containing 80% of 3-chloro- 
phthalic and 20% of phthalic anhydride 
(Angew. Chem. 1941, 54, 22). 

That a-nitronaphthalene by vapour phase 
catalytic oxidation gives a high yield of phthal- 
imide was discovered and patented by B.D.C., 
A, G. Green, and S. J. Green (B.P. 183044). 
Experimental work on the subject was published 
by S. J. Green (J.S.G.I. 1932, 51, 147 t), and 
Pongratz (Z.c.) found that the solid product 
contained 80% of phthaUmide and 10% of 
phthalic anhydride. By oxidising o-naphthyl- 
amine and a-cyanonaphthalene the same author 
obtained much phthaUmide, whilst )3-naphthyl- 
amine gave more anhydride than imide. 

According to G. Walter, chlorosulphonic acid 
at 180° converts naphthalene into tetrachloro- 
phthaUc anhydride (Monatsh. 1934, 64, 287). 
J. Boeseken and G. Slooff have observed the slow 
conversion of naphthalene into 2-carboxyaiZo- 
cinnamic acid by peracetic acid in acetic acid 
(Rec. trav. chim. 1930, 49, 100). 

The formation of )3^-dinaphthyl by passing 
naphthalene through a red-hot iron tube has 
been observed (Ferko, Ber. 1887, 20, 662). 

Halogenation, Nitration, Sulphonation (see 
pp. 276a, 288a, 270d, 280a). 

Molecular Compounds. — Naphthalene, like 
many aromatic hydrocarbons including alkyl- 
naphthalenes, forms crystalline additive com- 
pounds with many polynitro-compounds, e.g., 
ivith trinitro-derivatives of benzene (Hepp, 
Annalen, 1882, 215, 380), toluene (Hepp, Z.c.), 
aniline (Liebermann and Palm, Ber. 1876, 8, 
377), phenol (Henriques, Annalen, 1882, 215, 
332) and cresol (Noelting, Ber. 1882, 15, 1862; 
1884, 17, 271). The picrate, 

golden yellow needles, m.p. 149-161-5° (various 
authors), is soluble without decomposition in 
alcohol, ether, and benzene ; the styphnate, m.p. 
163'5°, has been studied by Jefremow (J. Russ. 
Phys. Chem. Soc. 1919, 51, 363 ; Chem. Zentr. 
1923, in, 770). The solubility of naphthalene 
picrate in benzene and tetraUn has been studied 
by L. Piatti (Z. angew. Chem. 1931, 44, 519). 
There is evidence that dinitro-compounds such 
as «i-dinitrobenzene (E. L. Skau, J. Amer. Chem. 
Soc. 1930, 52, 946) and l-bromo-2:4-dinitro- 
benzene (Buehler, BUsey, and Wood, ibid. 1930, 
52, 1939) also form compounds with naphthalene. 

Chemical CoNSTirxmoN. 

The molecular formula of naphthalene is 
CjgHg. The accepted structme, first proposed 
by Erlenmeyer (Annalen, 1865, 137, 346, 
footnote), and made probable on the basis of 
experimental evidenee by Graebe (ibid. 1869, 
149, 22) consists of two six-membered rings of 
carbon atoms having two adjacent atoms in 
common, a hydrogen atom being combined 


with each of the other eight carbon atoms as 
in (I). 



The abbreviated formulm (11) and (III) are com- 
monly used. The carbon atoms are numbered 
as shorvn in III. Positions 1, 4, 5, and 8 are 
knoum as a-positions, and 2, 3, 6, and 7 as 
positions. Positions 1 and 8 (or 4 and 5) are 
together referred to as pen'-positions. 

Whilst the Graebe-Erlenmeyer formula is 
completely satisfactory in its representation of 
the manner in which, in the naphthalene mole- 
cule, carbon is combined with carbon and carbon 
with hydrogen, the same degree of certainty has 
not been achieved regarding the disposition of 
the fourth valency of each carbon atom. The 
questions most discussed have been whether the 
naphthalene molecule is symmetrical with 
respect to the arrangement of the double bonds ; 
whether either or both rings is better repre- 
sented by a “ centric ” formula ; and whether 
the double bonds, if present, occupy fixed 
positions. These questions have generally been 
considered in the light of the chemical behaviour 
of naphthalene and its derivatives, and wfil be 
referred to in the discussion on substitution in 
the naphthalene nucleus. Alternative structures 
which have been proposed for naphthalene to 
account for some of its properties are shown in 
(IV), (V), and (VI). 



IV. V. 


Harries. Willstfitter and 

Waser. 



VI. 

Bamberger. 


Substitution in NapTithalene and Its 
Derivatives. 

The symmetrical formula (I) shows two and 
only two kinds of hydrogen atoms, attached to 
a- and j8-oarbon atoms respectively. Conse- 
quently, replacement of one hydrogen atom by 
any substituent shoidd give rise to two different 
compounds with the substituent in the a- and 



the jj-position respectively. In ngreement 
this prediction, two and only two mono- 
suhstituted naphthalenes containing tho same 
substituent are kno\ni. It can also be pre- 
dicted that, when the 8ubstitncnt,s are alike, 
there can be 10 di-, 14 tri-, and 22-tetra-stTb- 
stituted derivatives; with two different sub- 
stituents there can be 14 isomers ; with three 
substituents, two being alike, 42, and with tiireo 
different substituents, S4. In a few instances, all 
the different isomers have been prepared. 
Notably, Armstrong and Wynne (Proc. C.S. 
1890, 6, 77 ; 1895, 11, 84) completed the prepara- 
tion of all tho di- and tri-chloronaphthalcncs, 
and estabh'shed their orientation. (For a sum- 
mary of their work, see H. E. Armstrong 
Obituary Notice, E. H. Rodd, J.C.S. 1910, 
1422). Since, by a series of chemical reactions, 
many groups can bo replaced bj* chlorine, the 
chloronaphthalcnes can bo used ns reference 
compounds to fix tho orientation of other 
naphthalene derivatives. 

The course of substitution in naphthalene and 
its derivatives can be summarised ns follows : 

Substitution takes place far more readily' in 
the a- than in tho ^-position. Thus when 
naphthalene is halogcnated or nitrated, the first 
product is predominantly the a-nitro- or a- 
halogeno-compound. Although long suspected, 
only recently has it been established that a- 
nitronaphtbalcno is accompanicfl by a small 
proportion of the /9-compound, and that a- 
chloronaphthaJenc, ns normally prepared, con- 
tains 6-10% of the ^-isomer (E. C. Britton and 
W. R. Reed, U.S.P. 1917822). Sulphonation of 
naphthalene at moderate temperatures gives 
mainly the a-sulphonic acid, which changes into 
^-sulphonic acid when heated at higher tempera- 
tures, This subject is discussed more full}' under 
“ Sulphonation of Naphthalene ’’ (p. 270d), but 
it appears to be definitely established that in 
the initial reaction some /9-sulphonic acid is 
always formed. Similarly, in tho Fricdel- 
Crafts reaction, acylation, c.g., acetylation and 
benzoylation, of naphthalene gives n mixture of 
a- and ^-compounds; indeed, acetylation in 
mtrobenzeno even at a low temperature gives 
predominantly ^-naphthyl methyl ketone. 

The formation of disubslitutcd and trisub- 
stituted derivatives is much more complicated 
^®^^^P^fhalene than for benzene. In tho case 
of benzene the position taken up by a second 
entemg substituent depends almost entirely 
on tM nature of tho substituent already present. 
■In the case of naphthalene, it is not only 
governed by this factor, but in addition it 
uepends on the position, a or /9, occupied by tho 
group already present, and to a very important 
ex eut on the identity of the entering group and 
on tfie conditions prevailing at the time of the 

^ i-T factors, such as tho greater 

SMceptibility of naphthalene to substitution in 
^ ^-position come into play, 
it IS, therefore, not possible to formulate definite 

ma^e- following generalisations can bo 

1. Groups such as CHg, Cl, OH, NHAc, 
wmch in benzene are p- and o- directing, 
when present in naphthalene in tho a- 
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or 1-position direct entering groups into 
tho 4- and 2-po3itions. 

Tho same groups in the /9- or 2-position in 
naphthalene direct entering groups into 
the 1-position or into tho unsubstituted 
nucleus. Tho 3-position is only rarely 
attacked. 

.3. When a group which, in benzene, would 
cause substitution in the «i-position 
(NO.. SOaH, etc.) is present in cither 
an n- or ^-position in naphthalene, a 
second grouj) will enter tho unsub- 
stituted nucleus. 

It must be understood that these generalisations 
aro by no means binding. For instance, acyl 
derivatives of l-naphthylamino when nitrated 
give, bcaidc.s 4-nitro-, also 6- and 8-nitro- 
dcri%'ntivcs. Again, diazonium compounds at- 
tack ^-naphthol and ^-naphthylamino only in 
the 1 -posit ion, hctcro-nuclear compounds never 
being formed, a fact of great importance in dye- 
stuff chemistry. Nitration and sulphonation 
m.ay follow different courses. For instance, 
further nitration of l-nitronnphthalcno gives 
both 1:.5- and l:S-dinitronnphthalcnc, and 
nitration of naphthalcnc-a-sulphonic acid gives 
both 5- and S-nitro-dcrivatives, But further sul- 
phonation of naphthalono-a-sulphonic acid gives 
nnainly tho 1:6- and no ItS-disulphonic acid. 
This is an e.xamplo of tho operation of tho “ law ” 
first ennneiated by Armstrong and Wynne that 
in the sulphonation of naphthalene derivatives, 
products are not obtained iti which two sul- 
phonic groups aro present in contiguous o^- or 
^^-positions, or 1:4- or l:8-posilions. Yet even 
tins “law” has its exceptions, for when tho 
sulphonating agent was 40-70% anhydrosul- 
phuric acid it was found by 0. Ercsscl and R. 
Kotho (Bcr. 1801, 27, 1193) that by sidphonnting 
2-nnphthol-7-sidphonic acid, 2-n.aj)hthol-l:3:G;7- 
tctrnsulphouic acid is obtained, and by sul- 
phonating 2-nnphthylnmino-3:7-disulphonicacid, 
2-naphthylajnino-l:3:C:7-tctrnsuIphonic acid is 
formed, in each of which two sulphonic groups 
aro contiguous. 

Tho most striking difference between naphtha- 
lene and benzene derivatives is afforded by tho 
fact that whereas in phenol and nnilino there is 
no distinction between tho two ori/io-positions, 
in 2-nnphthol and 2-naphthylamino only tho 
l-position shows the properties of an ortho- 
position, tho 3-position being singularly inert. 
Thus ^-naphthol and /9-naphthylamino couple 
with diazo-compounds only in tho 1-position; 
when it is brominated, /3-naphthol is substituted 
first in position 1, followed by position 0, then 
4 and 3 (liVanzcn and Staiiblc, J. pr. Chom. 1921, 
[ii], 103, 352 ; Fries and Schimmelschmidt, 
Annalen, 1930, 484, 245) ; nitrosoation of /5- 
naphthol occurs only in position 1. So strong is 
the tendency of /9-naphthol to couplo in position 
1 that if a sulphonic or chlorino group is present 
in that position it wU bo displaced by tho 
arjdazo-group. Such facts as these have led 
many chemists to the conclusion that in naphtha- 
lene compounds there is a fixed double bond 
between positions 1 and 2, and a sintrlo bond 
between positions 2 and 3. This conclusion has 
been strongly supported by, amongst many 
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others, von Weinberg (Ber. 1921, 54 [B], 2168), 
K. Pries (Annalen, 1927, 454, 121 ; 1936, 516, 
249), and Pieser and Lothrop (J. Amer. Chem. 
Soo. 1936, 57, 1459). Pries considers that 
“ naphthoid ” compounds are distinguished by 
the non-equivalence of ortAo-positions and the 
presence of a double bond between the two 
carbon atoms common to both rings. This 
double bond fixes the Erlenmeyer structure, and 
is therefore responsible for the fact that naphtha- 
lene is relatively more unsaturated than benzene, 
and is reducible by sodium and alcohol, for 
example. It must be assumed that, at higher 
temperatures, the fixity of the double bond is 
released, aUowing the possibility of attack in the 
3-position, with formation, for example, of 2:3- 
hydroxynaphthoic acid from the 2:l-compound, 
and of ^-naphthol-3:6-disulphonic acid in the 
sulphonation of /9-naphthol. l-Nitro-/3-naph- 
thylamine is mercurated by mercuric acetate 
in the 3-position (Hodgson and EUiott, J.C.S. 
1939, 346). 

The fact that aU attempts to obtain 2:3- 
naphthaquinone by oxidising 2;3-dihydroxy- 
naphthalene, have failed, is also taken as 
evidence in favour of the Erlenmeyer formula, 
since, if the latter had a double bond in the 2:3- 
position, oxidation to a quinone might be 
expected. Another piece of evidence differenti- 
ating the 2:1- from the 2:3-position8 is the fact 
that the bromme in l-bromo-2-naphthylaniine 
is readily removed by boUing with aqueous 
stannous chloride whilst that in 3-bromo-2- 
naphthylamine is unaffected ; l:3-dibromo-2- 
naphthylamine loses only the bromine in position 
1 (R. B, Sandin and T. H. Evans, ibid, 1939, 61, 
2916). 

Experimental support for the symmetrical 
character of the naphthalene ring system has 
been provided by Pieser and Lothrop (l.c.) who 
prepared derivatives of 2:7-dihydroxynaphtha- 
lene containing alkyl groups, R, in both 1 and 8 
positions. Such compounds failed to couple 
with diazo-compounds, positions 3 and 6 being 
equally inactive. Similar inactivity was shown 
by 2:6-dihydroxy-l:5-dialkylnaphthalenes. 

R R 



The alternative formulse (IV), (V), and (VI) 
have received little support in recent literature, 
P. Mayer and A. Bansa (Ber. 1921, 54 [B], 16) 
tried to account for the fact that l-nitro-2- 
naphthylamine is a stronger base than 2-nitro-l- 
naphthylamine by giving them respectively the 


NOg 


1/ H 

VII. 




VIII. 


structures (VII) and (VIII). It has also been 
suggested that the yellow colour of 2:3-hydroxy- 
naphthoic acid and its ester and anilide are due 
to a double bond between the 2- and 3 -positions. 


giving the Harries structure (Lesser, Kranepuhl 
and Gad, ibid. 1925, 58 [B], 2109), aUdW. Baker 
and G. N. Carruthers assumed a similar depar- 
ture from the Erlenmeyer structure in 3-acetyl- 
2-naphthol, which is also yellow in colour (J.C.S. 
1937, 479). J. ObermiUer has drawn attention 
to the special relation apparently existing 
between the 2- and 6-positions in naphthalene 
(J. pr. Chem. 1930, [ii], 126, 257). V. N. 
Ufimzev has suggested that in monosubstituted 
naphthalenes the unsymmetrical (Harries) struc- 
ture is assumed, the unsubstituted ring becoming 
benzenoid, and substitution taking place in this 
ring accordingly. The argument, however, is 
not satisfactory (Ber. 1936, 69 [B], 2188; 
J. Gen. Chem. Russ. 1935, 5, 653). 

During recent years the problem of the struc- 
ture of naphthalene has attracted the efforts of 
physicists and mathematicians. J. M. Robert- 
son, from X-ray crystallographic data, con- 
cludes that the molecule has the form of two 
fused plane hexagons, the C — C distances being 
1-41 A. (Proc. Roy. Soc. 1933, A, 142, 674). 
Several workers have applied wave-mechanical 
principles and the theory of resonance to the 
study of the subject. The true structure of 
naphthalene may be something between the 
Erlenmeyer and Harries representations, and 
the balance of opinion seems to be that the 
former contributes more to the structure than 
the latter; in .other words, the l:2-position has 
more double-bond character than the 2:3- 
position (J. Sherman, J. Chem. Physics, 1934, 
2, 488; L. Pauling et al., J. Amer. Chem. Soo. 
1936, 57, 2708 ; S. Rangaswami and T. E. 
Seshadri, Proc. Indian Acad. Sci. 1941, 14A, 
547). Physical properties which have been 
studied recently in relation to the structure of 
naphthalene and its derivatives are absorption 
spectra (F. Eirollpfeiffer, Annalen, 1923, 430, 
181 ; Henri and de Laszlo, Compt. rend. 1924, 
178, 1004 ; Proc. Roy. Soo. 1924, A, 105, 662 ; 
de Laszlo, Z. physikal. Chem. 1926, 118, 369; 
Proc. Roy. Soc. 1926, A, 111, 355 ; K. Lauer, 
Ber. 1936, 69 [B], 986) ; Raman spectrum (K. W. 
F. Kohlrausch, ibid. 1936, 68 [B], 893 ; G. B. 
Bonino, Gazzetta, 1936, 66, 827) ; molecular 
refraction (K. von Auwers and A. Fruhling, 
Annalen, 1920, 422, 192; K. Fries and H. 
Bestian, Ber. 1936, 69 [B], 716); and dipole 
moments (Parts, Z. physikal. Chem. 1930, B, 10, 
264 ; WiUiams and Fogelberg, J. Amer. Chem. 
Soc. 1931, 53, 2096 ; Nakata, Ber. 1931, 64 [B], 
2059). The influence of constitution on the 
fluorescence of salts of naphthalene-, naphthyl- 
amine- and naphthol-sulphonic acids has been 
studied by AUen, Franklin, and McDonald (J. 
Franklin Inst. 1933, 215, 705). 

Sulphonation. — The process of sulphonation 
is used to obtain many important dyestuff inter- 
mediates, being applied to naphthalene itself 
and to its derivatives, particularly )S-naphthol 
and the naphthylamines. The process is in no 
case simple, and much study has been given to 
the subject both in industrial and academic 
laboratories. The process is frequently compli- 
cated by the occurrence of so-called isomerisa- 
tion, that is, the conversion of an initially 
formed sulphonic acid into a different one as the 
i reaction proceeds, and as this phenomenon has 
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been little studied except in the naphtlinleno 
series it merits special description. 

Isomeric Change of Naphthahncsnlphoriic 
Acids.— naphthalene is sulphonalcd at a 
low temperature the a-sulphonic acid is formed, 
but at higher temperatures, or rvlicn the a- 
Bulphonic acid is heated -with sulphuric acid, the 
]3-sulphonic acid is formed. This apparent 
isomerisation of a-sulphonic into j3-sulp_honic 
derivatives at elevated temperatures is of 
frequent occurrence in naphthalene chemistrj'. 
Several investigators, in particular P. C. J. 
Euwes (Rec. trav. ehim. 1909 ; 28, 298), I. S. 
YoSe (AnUinokras. Prom. 1933, 3, 290 ; A. 1934, 
178), andR. Lantz (Bull. Soc. chim. 1935, [v], 2, 
2092) have studied the phenomenon in the case 
of naphthalene itself, and as a result of their 
work it is fairl}' eertain that the ehango of a- 
into j3-acid is not duo to a true intramolecular 
isomeric change, hut comes about through 
hydrolysis of the a-sulphonic and rc-sulphona- 
tion to a more stable )3-sulphonic acid, ns sug- 
gested first by Noelting (Ber. 1875, 8, 1095). 
Nevertheless, the work of Yoffc and Lantz, and 
also that of Fierz and Weissenbach (Heh*. 
Chim. Acta, 1920, 3, 312) shows that even at 0“ 
pure a-sulphonic acid is not formed but is 
always accompanied by some )3-sulphonic ; at 
0° using monohydrate Fierz and Weissenbach 
found 2% of )3-acid in the product. 

Euwes studied the reaction between naphtha- 
lene and monohydrato * in molecular proportion 
at temperatures between 80® and 173° during 
8 hours in each case. Between 80® and 101° tho 
amount of unchanged naphthalcno diminished 
from 27-0% to 6’0% and tho proportion of a-acid 
in the product fell from 9G'4% to 18-4%. (The 
ratio of a- to ^-acid was determined from tlic 
solubility of the lead salts.) Ho found that at 
the high temperatures of 168° and 173° he could 
anive at a mixture of the same composition 
either by beating naphthalona-fi-snlphonic acid 
with sulphmic acid or by starting with naphtha- 
lene, thereby proving the reversibility of both 
a- and jS-sulphonations. At 129°, however, 
starting with naphthalene or ■with a-sulphonic 
acid, after 8 hours the resulting sulphonic acids 
contained 44% of a-acid, whereas starting with 
pure ^-sulphonic acid the product contained 
only 17-7% of a-acid ; that is to say, a state of 
equilibrium was not reached. This anomaly 
was explained by Yoffo, w-ho found that at 
lower temperatures, e.g., 100°, 8 hours is wholly 
msunicient time to establish equilibrium. 
Usmg the same conditions as Euwes ho foimd : 


inn “^t 100° 81'0% Ofa-BUlphonic acid. 
” .. „ 41-1% 

» 300 ;; 29-3«/: :: ;; 

Lantz, in designing his experiments, realisec 
V, V , . using naphthalene and mono 
nyorate m molecular proportion, tho strength o 
e acid rapicRy faUs as sulphonation proceedi 
° of water and disappearance o 

• He therefore studied the rate of sul 


•' acid,” when not ot 

Slph^ric concentrated (ca. 9 

a?id'‘^?okim’”'cont^-‘‘'^°*^''l^^^^^^ fuming su%^l! 

the proportion of 


phonation of naphthalene using a largo excess 
of acid (2 c.c. of acid to 0-1 g. of naphthalene) 
at different temperatures and acid concentra- 
tions. Tho following figures arc from his paper : 


Temperature. 

Strength 

HiS04 %. 

Time. 

Per cent, 
sulphonntcd. 

180° 

70-3 

2^- hours 

99-4 

180° 

67-7 

3 „ 

2-5 

ISO® 

67-7 

39 „ 

10-4 

ISO® 

51-4 


No sul- 
phonntion 

fiO® 

94-4 

! 4 ff 

9G-9 

GO® 

88-3 

j 1 

39-0 


Tho effect of acid concentration on speed of sul- 
phonation is very marked. Similarly, tho rate 
of dcsulphonation increases with tho strength 
of acid. At 140® it was found, u.sing acids of 
45*1 and 51 -4% strength, that tho a-acid was 
de.sulphonatcd npproximntcl 5 ' 50 times ns fast 
ns the ^-acid. An important experiment was 
made, in which sodium naphthalenc-a-sul- 
phonato was heated at 140° with (a) 04*2% sul- 
phuric acid, i.c., above sulphonating strength 
and (b) 45-9% acid, below sulphonating strength. 
In (a) after 4 hours tho sulphonic acid contained 
only]8T)% of a-isomcr, rapid conversion to tho 
^-form having occurred ; in (b) no conversion 
took place. Thus conversion accompanies 
h 3 'drolyais and appears to bo dependent thereon. 
Another important finding resulted from an 
experiment in which sulphonation wa.s carried 
out with acids of strengths 8L7, 85-1, and 94'4% 
for ns short a time ns possible at 20° nnd CO® to 
give a rensonablc amount of sulphonic ncid for 
atmlysis. It was found that the proportions of. 
a- nnd /?-isomcr were independent both of 
temperature nnd ncid strength, tho mean com- 
position of tho initially formed sulphonic acid 
being 89-90% of a and 10-11% of )3. Tho 
proportion of )3-ncid increases, with time, more 
rapidly the stronger tho acid. 

Tho experimental results arc thcroforo in 
ngreement with tho conclusions arrived nt by 
both Lantz nnd Yoffc, that tho course of sul- 
phonntion is determined bj”^ (o) tho ratio of the 
velocities of formation of a- and j3-acids ; 
(b) tho ratio of tho velocities of their hydrolytic 
dcsulphonation. It follows from tho law of 
mass action that at equilibrium tho concentra- 
tions, Cjj nnd Cjj, of tho two acids arc given by 
the equation : 

Velocity cooff. of formation of a 
Cj 3 Velocity cooff. of formation of /? 

, Volocit 3 ’' cooff. of hydrolysis of a 

■ Velocity cooff. of hj^drolysis of )5 

Tho ratios of tho velocity coefficients are not 
know'n accurate^ ; Lantz gives provisionally 
10:1 for formation and 50:1 for hj'drolysis, giving 
Ca/Cj 3 =-J- or 20% of a-acid at equilibrium. It is 
probable, however, that this figure is too high ; 
0. N. Witt, in his description of tho process on 
which tho technical manufacture of tho )S- 
sulphonic acid is based, gives a ratio of jS:a 



272 


naphthalene. 


=86:15, after only 20 minutes heating at 160° 
(Per. 1915, 48, 743). 

Sulphonic groups can migrate from one a- 
position to another more stable a-position, as 
•was sho-sm by A. G. Green and K. H. Vakil in 
their study of the mono-sulphonation of )3- 
naphthylamine. The two chief products of 
sulphonation ■with concentrated sulphuric acid 
at ■temperatures up to 120° are the 8- and 5- 
sulphonic acids, about 44% of the former and 
65% of the latter. The 8-suIphonic acid when 
heated ■with concentrated sulphuric acid is- 
gradually changed into a mixture of the 5- and 
8-sulphonic acids, the authors attributing the 
change to hydrolysis followed by resulphona- 
tion. They could not, however, bring about the 
reverse change of the 5- into the 8-sulphonic acid. 
At temperatures above 120° the 6- and 7-sul- 
phonic acids make their appearance in increasing 
amount (J.C.S. 1918, 113, 35). 

Erdmann, at an earlier date (Annalen, 1893, 
275, 192), had explained the phenomena observed 
in the sulphonation of a-naphthylamine in a 
similar ■way. When a-uaphthylamine is heated 
at 130° ■with 95-96% sulphuric acid, the 4- 
sulphonic acid is formed in major amount, ■with 
some 6- and a trace of 6-sulphonic acid. As 
heating is prolonged, however, free naphthyl- 
amine appears in increasing amount, with some 
4:7-disulphonic acid, whilst the 4-sulphonic acid 
is gradually replaced, first by the 6- and then 
by the 6-sulphonic acid. Here, apparently, 
speed of formation and of hydrolysis are in the 
order 4->6->6-sulphonic acid, ■with the result 
that, given sufficient time, the last predominates 
in the product. 

Further information on the phenomena of sul- 
phonation ■wiU be given when the sulphonation 
^ products of naphthalene and its important 
derivatives are described. 

Coupling with Diazo-compounds.— Oneof 
the most important applications of naphthalene 
derivatives is their use as components of azo- 
dyestuffs. For this purpose they can function 
in two ways, either as diazo-components, in 
which case the molecule must contain a di- 
azotisable amino-group, or as coupling com- 
ponents, when either an a min o- or a hydroxyl 
group must be present to facilitate and direct 
combination ■with a diazo-compoimd whereby 
formation of an azo-compound is effected. As 
' coupling components there are the naphthols 
and naphthylamines, their mono- and di- and 
tri-sulphonic acids, and a number of amino- 
naphthols and sulphonic acids derived from 
these. 

The sulphonic acids of naphthalene deriva- 
tives employed in dyestuff manufacture have 
acquired trivial names which are frequently 
used in place of their chemical names. The 
most important of these are as follows : 


Chemical Name. Tri'vial Name. 


l-Naphthylamine-4-sulphomc 

acid. 

Naphthionic Acid. 

l-NaphthyIamIne-5-suIphonic 

acid. 

Laurent Acid. 

l-Naphthylamlne-6-sulphonIc 

acid. 

Cleve Acid 1:6. 

l-Naphthylamine-7-sulphonic 

acid. 

Cleve Acid 1:7. 

l-Naphthylamine-8-sulphonic 

acid. 

Peri-Acid. 


2-Naphthylamme-l-sulphonIc 

acid. 

2-Naphthylamine-6-suIphomc 

acid. 

2-NaphthyIamine-7-sulphonic 

acid. 

2-Naphthylamine-8-Bulphomc 

acid. 

1- NaphthyIamine-3:8-disul- 
phonic acid. 

2- Naphthylamine-3:6-dlsul- 
phouic acid. 

2-Naphthylamme-6:8-disul- 
phonic acid. 

l-Naphthol-4-Bulphonic acid. 

1- Naphthol-5-sulphordc acid. 

2- NaphthoI-l-suiphonic acid. 

2-Naphthol-6-BuIphomc acid. 

2-Naphthol-7-sulphonic acid. 

2-Naphthol-8-svdphonic acid. 

1- Naphthol-3:6-disuIphomc acid. 

2- Naphthol-3:6-disulphonic acid. 

2-Naphthol-6:8-disulphonic acid. 

l-Anuno-5-naphthol-7-suIphoiiic 

Acid. 

1- .4.mmo-8-naphthol-4-suIphomc 
acid. 

2- Amino-6-naphthol-7-BuIphoiiic 
acid. 

^-Amino-S-naphthol-G-Bulphomc 

acid. 

l-Amiiio-8-naphthol-2:4-disul- 
phonlc acid. 

l-Ammo-8-iiaphthol-3:6-disul- 
phonic acid. 

1- Amino-8-naphthol-4:6-disui- 
phonic acid. 

2- Ammo-8-naphthol-3 : 6- disul- 
phonio acid. 

l;8-Dihydroxyuaphthaleue-3:6- 
disulphonlc acid. 


Tobias Acid. 
Bronner Acid. 


-Amino-F-Acid. 
Badiscbe Acid. 
e-Acid. 


Amlno-E-Acid. 


Amino-G-Acid. 

Nevile and Winther 
Acid. 

Oxy-L-Acid. 
Oxy-Tobias Acid 
(Armstrong Acid). 
Schaffer Acid. 
F-Acid. 

Crocein Acid. 

Violet Acid. 

B-Acid. 

G-Acid. 

M-Acid. 

S-Acid. 

J-Acid. 

y-Acid. 

2S-Acid, Chicago 
Acid. 

H-Acid. 

K-Acid. 

2B,-Acid. 

Chromotrope Acid. 


In the )3-series, the coupling rule is simple; 
the entering azo-group can only take up the 1- 
position, adjacent to the 2-hydroxyl or 2-ammo- 
group. No heteronuclear coupling occurs, and 
the 3-position is never attacked. A substituent 
in the 8-position, such as the sulphonic group, 
renders coupling more difficult; thus crocein 
acid and G-acid couple less readily than 
Schaffer or R-acid. A negative group in the 4- 
position has a similar effect. 

In a-naphthylamine and a-naphthol deriva- 
tives there are two coupling positions, the 2- 
and 4-positions, when these are unsubstituted. 
There is a greater tendency to couple in the 4- 
position than in the 2-position, but this tendency 
is profoundly modified by the presence of other 
substituents, particularly when these are in the 
3- and 5-positions ; further, the “ strength ” of 
the diazo-compound and the coupling conditions 
play their part. With a-naphthols and a- 
naphthylamines containing sulpho-groups in 3- 
or 5-positions the tendency is to couple in the 
2-position. It was sho^wn, however, by L. 
Gattermann and M. Liebermann (Annalen, 1 912, 
393, 198) that whilst diazotised sulphanilic acid 
couples -with l-naphthylamine-5-sulphonic acid 
in the 2-position, p-nitrodiazobenzene couples 
in both 2- and 4-positions, whilst dinitrodiazo- 
benzene couples offiy in the 4-position. Accord- 
ing to these authors, diazotised p-nitroaniline 
couples -with a-naphthylaniine-3-sulphonic acid 
only in the 2-position but with a-naphthyl- 
amine-6-sulphonic acid in both 2- and 4-posi- 
tions, whereas ■with a-naphthol-3-sulphonic acid, 
it couples in the 2- and 4-positions but ■with a- 
naphthol-6-sulphonic acid only in the 4-position. 

The influence of coupling conditions is filus- 
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trated by some experiments quoted b}'' Fierz- 
David (Angew. Cbem. 1936, 49, 24) who found 
that the benzenediazonium salt of l-naphthol-6- 
sxdphonic acid when treated with mild alkali 
gives only the 2-benzeneazo-derivative, whilst 
with strong caustic soda it gives a mixture ot 
2- and 4-benzeneazo-compounds. a-Naphthyl- 
amine itself couples to give some 2-substituted 
derivative, and it is claimed (Bayer, B.P. 
238683, 1924) that by using a-naphthylsul- 
phamic acid, C10H7NHSO3H, coupling ^th 
diazo-compounds exclusively in the 4-po3ition 
can be obtained. 

It is interesting to note that l:6-dihydroxy- 
naphthalene couples generally with only 1 mol. 
of a diazo-compoimd, the position attacked 
being 2 in strong alltali and 4 in mild alkali. 
With strong coupling components some 2:4-^ 
bisazo-compound can bo obtained (0. Fischer 
and Bauer, J. pr. Chem. 1916, [ii], 94, 13 ; 1917, 
[ii], 95, 264) but coupling never takes place in 
both rings of the naphthalene molecule. 

As a general rule, coupling directed by an 
amino-group is favoured in acid solution, and 
that directed by a hydroxyl group in alkaline 
solution. Although this is not an invariable 
rule, it governs the procedure adopted when 
aminonaphthols and their sulphonic acids have 
to be coupled with diazo-compounds. Most of 
the technically important aminonaphtholsul- 
phonic acids including H-acid, S-acid, and J- 
acid, will couple in both rings, the first coupling 
being carried out in acid and the second in 
alkaline solution. However, y-acid 

(NH2;0H:S03H=2:8:6) 

only couples satisfactorily once. 

The benzeneazonaphthols are isomeric ndth 
the monophenylhydrazones of the correspond- 
ing naphthaquinones. Much work has been done 
on the relation between the two classes of com- 
pounds, and quite recently R. Kuhn and F. Biir 
have concluded that 4-benzeneazo-a-naphthol is 
indeed a tautomeric mixture of the two forms 
(I) and (II) in approximately equal amounts 
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(Annalen, 1935, 516, 143). On the other hand, 
they conclude on chemical and spectroscopic 
evidence that l-benzeneazo-2-naphthol and 2- 
benzeiieazo-1-naph.thol exist almost entirely in 
tne quinonehydrazone forms. In this connection 
it is to be noted that benzeneazonaphthyl- 
ammes in which the amino-group is adjacent 
to the azo-group are difficult to diazotise; 
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they are probably not true amino-compoxmd 
but imines. 

For further information on the behaviour of 
naphthalene derivatives in the preparation of 
azo-dyes, the reader is referred to the article on 
Dyestuffs, Azo, Vol. IV, 190-239. 

The Bisulphite Reaction. — A reaction 
deserving of special mention in any description 
of naphthalene chemistry is that by which 
naphthols can bo converted into naphthylamincs 
and vice versa, by means of bisulphite solutions. 
The reaction is of considerable importance 
technically for the preparation of )3-naphthyl- 
amino and its derivatives, because ^-nitro- 
naphthalenc cannot bo prepared by nitration of 
naphthalene, and the jS-amino is therefore not 
obtainable from this source. ^-Naphthylamino 
can bo obtained by heating ^-naphthol -with 
ammonia at 150°, but the reaction is slow and 
accompanied by by-products, including /3^- 
dinaphthylaminc, and a jioor yield is obtained. 
When, however, )3-naphthol is heated with 
excess of ammonia and ammonium sulphite 
solution, the reaction proceeds much more 
quickly and gives a high yield of fl-naiihthyl- 
nmino (Badischc, G.P. 117471 ; Bucliorcr, J. pr. 
Chem. 1901, [ii], 69, 88). Conversely' it has 
been shown that naphthylamincs can bo con- 
verted into naphthols by heating with sodium 
bisulphite solutions at the boiling-point (Baj'cr, 
G.P. 109102). The clue to these results was 
supplied by H- T. Buchcrer, who showed that 
in these reactions a highly soluble intermediate 
compoimd is formed which is stable towards 
acids but is decomposed by alkahs to give the 
naphthol, and by' ammonia to give the naphthyd- 
amine, in almost quantitative ydold. The inter- 
mediate compound, which ho considered to bo 
the naphthyd sulphite, CioH^'O-SO^Na, can bo 
obtained either Irom the naphthol or naphthyl- 
amino (G.P. 115335 ; 12G13G ; B.P. 1387, 1900). 
If, instead of ammonia, a mono-, or di-nlkyd- 
nmino is used with bisulphite, a corresponding 
mono- or di-alkylnaphthylamino can bo obtained 
(G.P, 121G83 ; Buchcrer, J. pr. Chem. 1904, [ii], 
70, 345), whilst arylamincs convert the /3- 
naphthyl sulphites into )S-naphthydarylamincs 
(G.P. 122570). Both of these reactions are 
apjfficd to tho manufactimo of derivatives of 
N -substituted naphthylamincs. 

When naphthylonediamincs aro heated with 
bisulphite solution only one amino-group is 
attacked ; an interesting case is pro\’idcd by 
l:8-naphthyloncdiamino-4-sulphonic acid, which 
gives only 1 ; 8-aminonaphthol-5-8ulphonic acid. 
Tho isomeric l:8-aminonaphthol-4-sulphonic 
acid can bo obtained by tho action of bisulpliito 
on tho acetone condensation product of tho 
diamino-sulphonic acid (B.P. 16921, 1900 ; 
Buchcrer, l.c.). Tho l:8-aminonaphthol-4-sul- 
phonic acid by further treatment with bisulphite 
gives 1:8'- dihydroxynaphthalono - 4 - sulphonio 
acid, but tho l:8-aminonaphthol-5-su]phonio ■ 
acid does not, since it forms a sulphurous ester 
with the hydroxyl group. Tho dihydroxy- 
naphthalenes form only mono-sffiphurous esters. 

The bisulphite reaction finds many appli- 
cations in the preparation of aminonaphthol- 
Bulphonic acids, and tho limitations of the 
reaction are therefore important. Some of 
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these have been mentioned in the preceding 
paragraph ; in addition, it does not take place 
with a-derivatives in which a substituent, such 
as a sulphonic group, is present in the 2- or 3- 
position, or with |8-derivatives in which there is 
a substituent in the 4-position. These limita- 
tions can he turned to advantage ; for instance 
2;8-dihydroxynaphthalene-6-sulphonic acid by 
the bisulphite reaction gives only 2-amino-8- 
naphthol-6-sulphonic acid (y-acid), since' the 
8-hydroxy-group cannot be attacked. The 
same product can he obtained from nigrotic 
acid, 2:8-dihydroxynaphthalene-6-sulphonic-3- 
carhoxylio acid (Bucherer and Seyde, J. pr. 
Chem. 1907, [ii], 75, 265). Bucherer’s view that 
the intermediate product is a sulphite ester 
throws no light on the limitations of the reaction. 
An alternative is to regard it as a bisulphite 
additive compormd of the ketonised form of the 
naphthol, as in (I), a formulation which accords 


I. 

better with the mobility of the hydroxyl group 
and has some analytical support (Voroshcov, 
J. Russ. Phys. Chem. Soc. 1915, 47, 1669; 
K6nig and Haller, J. pr. Chem. 1921, [ii], 101, 
43 ; Eriediander, Ber. 1921, 54, [B] 620). 

The discovery of the reaction between 
naphthylamines and bisulphite was apparently 
first made by Lepetit and recorded in a pli 
caclietl of 1896 (published in Bull. Soc. Ind. 
Mulhouse, 1903, 326; see Eriediander, l.c.), 
but the detailed study of the reaction was 
carried out by Bucherer, by whose name the 
reaction is known. 

An interesting variant of the Bucherer reaction 
is the treatment of a naphthol with bisulphite 
and phenylhydrazine, when a naphthacarbazole 
is formed. When 2:3-hydroxynaphthoic acid is 
treated in this way the carboxyl group is 
eliminated during the reaction (Bucherer and 
Seyde, J. pr. Chem. 1908, [ii], 77, 403; G.P. 
208960). 

It may be mentioned here that when a-nitro- 
naphthalene is reduced with bisulphite, not only 
reduction but simultaneous sulphonation occurs 
with formation of naphthionic and, with excess 
of bisulphite, a-naphthylamine-2;4-disuIphonic 
acid (Hochst, G.P. 92082). In a similar way 
1-nitroso-^-naphthol gives l-amino-)?-naphthol- 
4-sulphonic acid (q.v., p. 353c). It is interesting 
also to note that when l;8-dinitronaphthalene- 
3:6-disulphonic acid is treated with bisulphite 
it is converted into 8-amino-a-naphthol-3:6- 
disulphonic acid, reduction being accompanied 
by replacement of nitro or amino- by hydroxyl 
(Bayer, G.P. 113944) the significance of which 
was noted by Bucherer (J. pr. Chem. 1904, [ii], 
70, 349). 

Diazotisation of Naphthylamines ; Di- 
azo-oxides. — Amines of the naphthalene series 
and their substituted derivatives can generally 
be diazotised normally with nitrous acid giving 


diazonium compounds, many of which are used 
in the manufacture of azo-dyes (see Dyesttjits 
Azo, Vol. IV, 190-239). When the naphthyb 
amine also contains a hydroxyl group abnormal- 
ities may arise. Should the hydroxyl group be 
in a position to promote coupling, precautions 
must be taken to prevent self-coupling when the 
amino-group is diazotised. When the hydroxyl- 
group is adjacent to the amino-group, as in 1:2- 
and 2:l-aminonaphthol and their sulphonic 
acids, nitrous acid in presence of free mineral 
acid brings about oxidation to [j3-]naphtha- 
quinone (Witt, Ber. 1888, 21, 3475; Bom'ger, 
ibid. 1894, 27, 24), but diazotisation can be 
effected by the action of sodium nitrite on the 
aminonaphtholsulphonic acid in absence of 
mineral acid, and the yield is improved when 
cupric salts are present (Geigy, B.P. 10236, 
1904) ; other metal salts are also claimed to 
assist the diazotisation, e.g., zinc (Kalle, G.P. 
175593; 195228; B.P. 23034, 1905), nickel 
(Kalle, G.P. 178621), manganese, cobalt, mag- 
nesium, mercuric (KaUe, G.P. 196322 ; 178936) 
and even salts of alkali and alkaline earth metals 
(Badische, B.P. 10323, 1906), but in practice 
copper salts are probably best. The diazo- 
compounds so formed readily pass by loss of 
water into stable diazo-oxides (formula of the 
weU-knouTi naphthalene-1 -diazo-2-oxide-4-sul- 
phonic acid, (II)), especially in the presence of 
nuld alkali. 



SO.H 

II. 


When there is present a “ negative ” group 
such as halogen, nitro- or sulphonic, adjacent 
to the amino-group, this group is readily re- 
moved from the diazo-compotmd with formation 
of a diazo-oxide. Thus Gaess and Ammelburg 
obtained 6-nitronaphthalene-2-diazo-l-oxide by 
diazotising l:6-dinitro-)3-naphthylamine (Ber. 
1894, 27, 2211), and Morgan and Evens obtained 
4-nitronaphthalene-2-diazo-l-oxide when 1:4- 
dinitro-)?-naphthylamine was diazotised in 
strong sulphuric acid and the product diluted 
■with water (J.C.S. 1919, 115, 1126). Meldola 
and Streatfield similarly obtained 4-bromo- 
naphthalene-2-diazo-l -oxide from l:4-dibromo- 
^-naphthylamine {ibid. 1895, 67, 909). Examples 
of the replacement of a sulpbonic acid group or a 
chloro-group adjacent to the diazo-group are 
recorded in several patents (Badische, B.P. 6616, 
1902 ; 16995 and 27372, 1903 ; 4997 and 21638, 
1904; Meister, B.P. 23993, 1902). Since the 
sulphonic group is eliminated in the form of 
sulphurous acid, it is advantageous to add an 
oxidising agent to convert this into sulphuric 
acid, to avoid subsequent complications when 
the diazo-compound is used for the preparation 
of dyestuffs. The diazo-oxides, when they 
contain sulphonic groups, couple -with |8-naphthol 
in alkaline media, but accorcUng to Morgan and 
Evens the nitronaphthalene diazo-oxides only 


HO 




SO3N 
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couple with very active phenols such as resorcinol 
in a strongly acid medium {l.c.). The stability 
of the diazo-oxides is shown by the fact that 
they can be chlorinated (Kalle, B.P. 20072 and 
20073, 1911), brominated (Sandoz, B.P. 3508, 
1911), nitrated (Geigy, B.P. 15418, 1904), and 
sulphonated (KaUe, G.P. 176618; 176620). 

The nitration of naphthaIene-2-diazo-l-oxidc-4- 
sulphonic acid is carried out technically, the 
product being the 6-nitro-derivative, 


CHLORONAPHTHALENES. 

Naphthalene derivatives containing chlorine 
are of two kinds : (o) additive compounds such 
as naphthalene dichlorido and tetrachloride, 
which are to be regarded as substitution pro- 
ducts of di- and tetra-hydronaphthaleno ; 
(6) substitution products in which chlorine 
replaces one or more nuclear hydrogen atoms. 
The former type are formed by the action of 
clilorino on naphthalene in the cold, and on 
warming or in the presence of catalysts pass into 
the second type -with loss of hydrogen chloride. 
The isomeric mono-, di-, and tri- and some of 
the tetra-chloronaphthalenes are all known, 
having been obtained by the following and other 
methods ; 


(1) By the direct chlorination of naphthalene 

or chloronaphthalene, cither in the liquid 
or gaseous phase, or in solution (Faust 
and Saame, Annalcn, 1871, 160, 65; 
E. Fischer, Ber. 1878, 11, 735; Wid- 
man, ibid. 1882, 15, 2160; Armstrong 
and Wynne, Proc. C.S. 1890, 6, 85; 
Badische, G.P. 234912 ; Forrero and 
Wunenburger, Hclv. Chim. Acta, 1928, 
11, 416 ; Ferrero and Feiiimann, ibid. 
1929, 12, 583 ; Ferrero and Corbaz, 
ibid. 1930, 13, 1009). 

(2) From aminonaphthalencs by diazotisalion 

and the Sandmeyer reaction (Fried- 
lander and Szymanski, Ber. 1892, 25, 
2081 ; Chattaway and Lewis, J.C.S. 
1894, 65, 877). 

(3) By conversion of nitro-, amino-, and 

hydroxy-naphthalenes into chloronaph- 
thalenesulphonic acids and subsequent 
hydrolysis (Cleve, Ber. 1892, 25, 2487). 

(4) By heating naphthalenesulphonyl chlorides 

or chloronaphthalenesulphonyl chlo- 
rides with phosphorus pentachlorido or 
alone (Carius, Annalen, 1860, 114, 145 ; 
Armstrong, Ber. 1882, 15, 205; Arm- 
strong and Wynne, Proc. C.S. 1895, 11, 
80,83; 1897, 13,152). 

(5) By distillation of nitronaphthaleno or 

nitronaphthalenesulphonyl chlorides 
with phosphorus pentaehloride (De 
Koninck and Marquart, Ber. 1872, 5, 
11 ; Erdmann and Siivem, Annalen, 
1893, 275, 232, 252). 

The direct chlorination of naphthalene has 
been stuped by many workers, both in con- 
nection with the preparation of a- chloronaphtha- 
lene and other individual compounds and for 
the production of more highly chlorinated com- 
pounds ; the latter are mixtures, forming wax- 
like substances having valuable technical 
properties. In the first stages of chlorination 


in the liquid phase tho main product is a-chloro- 
with a small proportion of )3-chloro-naphthaleno, 
and before all tho naphthalene is chlorinated 
dichloronaphthalcnes appear, mainly 1:4- and 
1:5-, and trichloro-compounds. As chlorination 
proceeds, tho sotting point of tho product rises 
to a maximum of 125-130° when some 60% of 
chlorine is present, thereafter faUing. 

Tho chlorination of naphthalene to give a hard 
pale-yellow wax was described by Payman and 
Gibson, I.C.I., who used a temperature of 140- 
160° •with ferric chloride as a catalj'^st. The 
product contained up to 67% of chlorine (B.P. 
291849) and a similar product was obtained by 
cold chlorination in carbon tetrachloride solution 
(B.P. 292056). Tho I.G. later claimed a similar 
product by chlorinating below 130° using 
antimony trichloride, phosphorus tri- or penta- 
chloride, sulphur or iodine ns catalyst (B.P. 
324774), and a further I.C.I. improvement was 
to chlorinate in two stages, first at 85-110° to a 
j monochloronnphthaleno, then at 140-150° (B.P. 
357743). 

Alternative catalysts have been investigated 
b}' Schvemberger and Gordon (J. Gen. Chem. 
Russ. 1934, 4, 529) who found that tho chlorina- 
tion to octacliloronaphthnleno could be carried 
to completion without catalyst b^' starling 
without heating, and gradually raising tho 
temperature to 200°. Chlorination time was 
considerably shortened by tho addition of 0-3- 
1'0% of a metallic chloride (aluminium, ferric, 
gold, titanium, zirconium, antimony, or tel- 
lurium). Other chlorides were found to be less 
active or completely inactive. Iron powder, 
w-ith or m’thout iodine (Schveinbcrgor and 
Gordon, ibid. 1932, 2, 921), alumina (Vorozhtsov 
and Travkin, Russ. P. 61042 ; Amor. Chora. 
Abstr. 1939, 83, 4604), and b’ght (Consolidiorto 
AUraliwcrko, G.P. 605780) have also been used. 
Iodine appears to favour tho formation of mono- 
substituted products, whereas ferric clJoridc, 
alumina, etc., load to tho formation of pol}'- 
chloronaphthalcncs. Kattschcr and Jlinosscnko 
(Russ. P. 41613) describe chlorination in tho 
absence of catalyst. 

When chlorination is carried out in cast-iron 
apparatus tho crudo’product is a dark discoloured 
wax. Hydrogen chloride can be removed by 
blowing air or an inert gas through the molten 
mass (Riickcr Chemical Foundation Inc., U.S.P. 
1455509) and tho wax can be pm-ified by distil- 
lation under reduced pressure after neutralising 
■with lime, caustic soda, etc. At 100-150 mm. 
pressure, mono- and dichloro-naphthalones distil 
between 140-180°; liigher fractions are col- 
lected at 200-226° and 225-250° (Halowax 
Corp., B.P. 343878). 

Chlorination in tho vapour phase occurs cither 
■with or ■without a catalyst at temperatures of 
250-400°, -with maximum yield of 60% a- 
chloronaphthaleno at 350°. Approximately 15- 
20% of dicliloronaphthaleno is formed. At 400° 
tho reaction products are destroyed. In tho 
presence of 0'5% iodine, tho formation of mono- 
substituted products is favoured, whilst ferric 
chloride, porous earthenware, or ■wood charcoal 
activates the production of both mono- and 
poly-substituted derivatives (Ferrero and Wun- 
enburger, l.c.). 
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A particularly detailed study of the chlorina- 
tion of naphthalene in solvents with the object 
of obtaining the highest yield -of a-chloronaph- 
thalene has been made by Eerrero and his 
collaborators, who do not agree with Trauben- 
berg and Wasserman (J. pr. Chem. 1928, [ii], 
120, 177) that chlorination in cold benzene in 
presence of ferric chloride gives the best yield. 
With Eehhnann (1929) and Corbaz (1930, l.c.) 
Eerrero studied chlorination in a large number 
of solvents, including benzene, chlorobenzene, 
o- and p-dichlorobenzene, decalin, toluene, ethyl 
alcohol, acetic acid, ethyl acetate, tetra- and 
penta-chloroethane and carbon tetrachloride; 
they compared the effects of using iodine (|^%) 
or ferric chloride (i%) with those obtained with- 
out catalyst. The most favoirrable results were 
obtained with benzene, chlorobenzene, and 
acetic acid, solvents which are protected from 
chlorine attack by the naphthalene; solvents 
which themselves tend to protect the naphtha- 
lene from attack, such as toluene and carbon 
tetrachloride, lead to formation of polychloro- 
naphthalenes. Iodine as catalyst favours mono- 
chlorination of naphthalene whilst ferric chloride 
produces more polychlorination. A higher 
temperature favours monochlorination. Using 
benzene or chlorobenzene with iodine as catalyst 
at a temperature near the boiling-point of the 
solvent, a 92% yield of a-chloronaphthalene is 
obtained; the remainder is mainly di- and 
tri-chloronaphthalenes. The process employing 
benzene and chlorobenzene was patented by 
Eerrero and Eehlmann (Swiss. P. 134089, 1928). 

a-Chloronaphthalene(m.p. - 25®, b.p. 259-3°, 
1 .2025) is prepared as indicated above. It can 
be isolated and purified by fractional distillation, 
or by cooling the crude product to —15° when 
pure a-chloronaphthalene separates (Britton, 
Heed, and the Dow Chemical Co., U.S.P 
1917822). By cooling an alcoholic solution of 
the residue to —40°, pure )3-chloronaphthalene is 
obtained. The eutectic of a- and ^-chloronaph- 
thalenes, containing 25% of a-, melts at —18° 
{ibid.). Other methods of preparation are from 
o-naphthylamine through the diazo-compound, 
and by decomposition of naphthalene di- 
chloride (Faust and Saame, Annalen, 1871, 160, 
68 ; Armstrong and Wynne, Proc. C.S. 1890, 
6, 85). 

a-Chloronaphthalene has found no technical 
use. 

)S-Chloronaphthalene (m.p. 56°, b.p. 264-3°) 
is prepared by heating j3-naphthol with 1-5 mol. 
phosphorus pentachloride (Berger, Compt. rend, 
1905, 141, 1027 ; Cleve and Juhlin-Dannfelt, 
BuU. Soo. chim. 1876, [ii], 25, 258) and by other 
standard methods. It may also be isolated from 
the products of monoohlorination of naphthalene 
after separation of a-chloronaphthalene {v. 
supra). 

DiohlobonaphT halenes . 

The principal dichloronaphthalenes are she 
1:4- and l:6-isomers and they are formed in 
admixture when naphthalene in carbon tetra- 
chloride solution is chlorinated at —10° to 0° 
with iodine or ferric chloride as catalyst. The 
chlorination mass contains small quantities of 
the 1:2- and l:7-isomers which can be removed 


as sulphonic acids by stirring in the cold with 
sulphuric acid for 20 hours (Badische, G.P. 
234912). 

l:4-Dichloronaphthalene can he made hy 
chlorinating 1 - chloronaphthalene - 8 - sulphonic 
acid at 260° to give l:4-dichloronaphthalene-8- 
sulphonic acid and removing the sulphonic 
group by hydrolysis (I.G., B.P. 341926). 
Another method is to heat naphthalene with sul- 
phuryl chloride at 140-160° when an almost pure 
product is obtained in 70% yield (Hochst, G.P. 
286489) or naphthalene is heated with tldonyl 
chloride (Meyer, Monatsh. 1915, 36, 728). 

l:6-Dichloronaphthalene can be made by 
acid hydrolysis of l:6-dichloronaphthalene-2-sul- 
phonic acid (Cleve, Chem.-Ztg. 1893, 17, 398). 

l:6-Dichloronaphthalene is the main pro- 
duct of chlorination of sodium naphthalene-a- 
sulphonate in hydrochloric acid with potassium 
chlorate (Koslov and Talyhov, J. Gen. Chem. 
Russ. 1939, 9, 1827 ; Amer. Chem. Abstr. 1940, 
34, 4067). 

Octachloronaphthalene or perchloronaph- 
thalene, CjQClg, m.p. 198°, can be produced 
by exhaustive chlorination of naphthalene in 
presence of a suitable catalyst (Berthelot and 
Jimgfleisoh, Bull. Soo. chim. 1868, [ii], 9, 446) 
or by heating sodium a-naphthylamine-3:6:8- 
trisulphonate with phosphorus pentachloride at 
200-225° (Schvemberger and Gordon, J. Gen. 
Chem. Russ. 1932, 2, 921). It is attacked by 
alcoholic but not by aqueous alkalis, and con- 
verted by nitric acid to hexachloronaphthalene 
and tetraohlorophthalic acid. Further chlorina- 
tion of octachloronaphthalene gives decachloro- 
hydrindene (Schvemberger and Gordon, i.o.). 

Properties of the Ohloronaphthalenes. 

Except a-chloronaphthalene, which is a liquid, 
the chlorinated naphthalenes are solid crystal- 
line bodies with melting-points ranging from 35° 
for l:2-dichloronaphthalene to 198° for octa- 
chloronaphthalene. Boiling-points range from 
259-3° for a-chloronaphthalene to 440-442° for 
octachloronaphthalene. The melting-points and 
known boiling-points are given in the Table 
shown on the opposite page. 

In addition. Turner and Wynne (J.C.S. 1941, 
243) give the melting-points of seven more of 
the tetrachloronaphthalenes in which the 
relative positions of three of the four chlorine 
atoms have been determined, as follows : 


Constitution. 

M.p. 

1:2:5:?- . . 

. . 164° 

1:2:5:?- . . 

. . 110°, 114 

1:2:7-.?- . . 

. . 144° 

1:2:8:?- . . 

. . 135° 

1:4:7:?- . . 

. . 109° 

1:4:8:?- . . 

. . 144° 

3:6:7:?- . 

. . 218° 


The chlorinated naphthalenes are of a high 
degree of chemical stability. Concentrated sul- 
phuric acid at elevated temperatiues converts 
them to chloronaphthalenesuiphonic acids, and 
oxidation by nitric acid gives the corresponding 
chloro-substituted phthalic acids. The course of 
oxidation by chromic acid in acetic acid depends 
on the position of the chlorine atoms; l:5-di- 
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cUoronaphtLalene gives 3-chlorophthalic acid, 
whereas 2;6-dichloronaphthalene gives 2:6-di- 
cliloro-[a-]naphthaqaiiione. 


Compound. 

Constitution. 

M.p. 

B.p. 

Monochloro- 

a- 

-2>5‘’ 

259-3° 

naphthalene. 

/S- 

56 

264-3° 

Dichloro- 

1:2- 

35° 

281° 

naphthalene. 

1:3- 

1:4- 

61° 

67-5° 

291° 1 

284° 


1:5- 

106-5° 



1:6- 

51° 



1:7- 

64° 

280° 


1:8- 

82° 

i 


2:3- 

119-5° 



2:6- 

135°, 140° 

285° 


2:7- 

114° 


Trichloro- 

1:2:3- 

81° 


naphthalene. 

1:2:4- 

02° 


1:2:6- 

78-5° 



1:2:6- 

92-5° 



1:2:7- 

84°, 88° 



1:2:8- 

83-5° 



1:3:5- 

103° 



1:3:6- 

80-6° 



1:3:7- 

118° 



1:3:8- 

85°, 00° 



1:4:6- 

131° 



1:4:0- 

60°, 00° 



2:3:5- 

109° 



2:3:6- 

91° 


Tetrachloro- 

1:2:3:4- 

198° 


naphthalene. 

1:2:3:5- 

141° 


l:2:3:7- 

116° 



1:2:4:6- 

111° 



1:3:5:7- 

170° 



l:3:6:7- 

119°, 120° 



l:3:6:8- 

131° 



2;3:5:8- 

134°, 139° 


Pentachloro- 

1:2:3:4:5- 

108° 


naphthalene. 

1:2:3:6:7- 

171° 


Heptachloro- 

l:2:3:4:5:6:8- 

194° 


naphthalene. 




Octachloro- 


198° 

440-442° 

naphthalene. 





The chloronaphthalenes are insoluble in water 
hut soluble in the majority of organic solvents. 
The solid wax formed by the chlorination of 
molten naphthalene to a 50% chlorine content, 
has the following solubilities at 17°. 


Solvent. 

G. of wax per 
100 g. solvent. 

Benzene .... 

. . 170 

Trichloroethylene . 

. . 126 

Ether 

. . 110 

Toluene .... 

. . 108 

Monochlorobenzene . 

. . 94 

Carbon tetrachloride . 

. . 83 

Turpentine .... 

. . 64 

Petroleum .... 

. . 26 

Ethyl alcohol . 

. . 6 


In general, the chloronapthalene waxes can bo 
maintained at temperatures as high as 250° for 
Periods with no appreciable decom- 
position. The common metals in contact with 
the molten wax at 120—130° are not corroded 
and do not affect the stability of the wax. 

The chloronaphthalene waxes are non-in- 
flammable, and have extremely good dielectric 


properties. The dielectric properties of a normal 
wax of setting point 93° are as follows : 

Dielectric constant =5-0-6'0 (approximately). 

Dielectric strength =400 volts per mil „ 

Volume resistivity =10^^ ohms per cm,® „ 

The chloronaphthalenes are toxic to insects 
and to a certain extent to humans. Exposmo 
to the vapour causes dermatitis in the form of 
‘‘ cliloT acne," and prolonged inlialation of the 
vapom lends to atrophy of the liver (Flinn and 
Jarvilc, Amer. J. Hyg. 1938, 27, 19). The 
Workmen’s Compensation Act has now been 
extended (1941) to apply to poisoning by 
chlorinated naphthalene or its scquelse, in any 
process involving contact with or exposure to 
dust or fume of chlorinated naphthalene. 

Omng to their dielectric properties, the 
chlorinated naphthalene waxes are used primarily 
for the impregnation of paper condensers, and 
for the sealing and insulating of electrical equip- 
ment. They are also used as a “ stopping off ” 
compound in chromium plating, and in solution 
ns an imprcgnnnt for flame proofing, and insect 
and fungus proofing. Their use in the prepara- 
tion of fire-retardant paints has recently been 
patented (Jordan and O’Neill, Paint Ecscarch 
Station, B.P. 552908). 

NATJiTJiALrNi: CnLoniDES. 

Naphthalene dichloride, CjoHgClj, and naph- 
thalene tetrachloride, are formed by 

the cold chlorination of naphthalene (Faust and 
Snnmc, Annalcn, 1871, 160, C7). These com- 
poxmds are readily decomposed by heat to form 
chloronaphthalenes. The dichlorido is a liquid 
wliich when warmed gives c-chloro- and a small 
proportion of )5-chloro-naplithnlenc. Naphtha- 
lene letraclilorido is obtained in 4'5% yield hy 
leaving naphthalene in thin layers in an atmo- 
sphere of chlorine until absorption is complete. 
Naphthalene dichlorido is removed by extrac- 
tion -with light petroleum and further extraction 
with alcohol leaves the pure tetrachloride, m.p. 
182° (Leeds and Everhart, J. Amer. Chom. Soc. 
1880, 2, 208). O.xidation uith nitric acid, p L45 
(8-7 parts), at 100° gives 2:3-d(c^?oro-[a-]«<ip7d7ia- 
qiiinonc (Ilelbig, Bcr. 1895, 28, 505) and with 
10 parts boiling nitric ncid, phthalic acid (Fischer, 
ibid. 1878, 11, 736). Witli chromic acid at 90°, 
3i4-dic}doro-a-naphthol is obtained (Helbig, l.c.). 
Nitration with fuming acid gives nitronaphtha- 
hnc ielrachloride from which 5:8-dichloro-a-n{tro~ 
vaphlhahnc is obtained (Matter, G.P. 317766). 

Chlorination of a-chloronaphthalcno in chloro- 
form in the cold gives a-chloronaphthalcnc tetra- 
chloride, m.p. 117-128°, and I'A-dichloronaphtha- 
Icnc tetrachloride, m.p. 172°, which decomposes 
on heating to givo 2:3:5;8-1cirachloro7iaphthalenc 
(Turner and Wynne, l.c.). 

CHLORONArnTHALENESULPnONIO AOIDS. 

The chloronaphthalenesulphonie acids can bo 
produced : 

1. From the corresponding naphthylaminesul- 
phonic acid by diazotisation and inter- 
action with cuprous chloride solution. 
This is particularly applicable to the 
monochloronaphthalonesulphonic acids 
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(Beattie and WMtmore, J. Amer. Chem. 
Soc. 1933, 55, 1546). 

2. By sulpLonation of the mono- or poly- 

■ chloronaphthalenes, when a mixture of 
isomers of more or less complexity is 
obtained, monosulphonic being accom- 
panied by disulphonic acids. 

3. By chlorination of napbthalenesulphonic 

acids, the chlorine atom entering an a- 
position. 

(For a-chloronaphthalene-2- and 3-sul- 
phonyl chlorides, see pp. 303d, 304a.) 

(i) o-(or 1 - )Chloronaphthalene - 4- sul- 
phonic Acid is formed as chief product when a- 
chloronaphthalene interacts with chlorosxd- 
phonic acid in the cold (Armstrong and Wynne, 
Proc. C.S. 1890, 6, 86). With excess chloro- 
sulphonic acid a-chloronaphthalene-i-sulphonyl 
chloride is formed (Ferrero and Bolhger, Helv. 
Chim. Acta, 1928, 11, 1144). a-Chloronaphtha- 
lene sulphonated with monohydrate gives a 
maximum yield of 70% of a-chloronaphthalene- 
4-sulphomc acid at 66°, the amount decreasing 
with higher temperature of reaction to 31% 
yield at 98°. The 6-isomer could not be detected 
but at 160° some 6-isomer was formed (Ferrero 
and Bolliger, l.c.). 

Properties . — ^The chloride has m.p. 95° and the 
amide m.p. 187° (Cleve, Ber. 1887, 20, 73). The 
solubility of the Na, K, Ca, Ba salts at 18° are 
1-79, 0-73, 0-19, 0-08, and at 98° are 40, 40, 0-84, 
and 0-46 g. per 100 c.c. water respectively 
The barium salt, BaA2-i-2H20, crystallises 
as hexagonal plates and the potassium salt, 
KA, as rhombic prisms. a-Chloronaphtha- 
lene-4-sulphonic acid is converted by caustic 
soda to a-naphthol-i-sulphonic acid and by am- 
monia to a-naphthylamineA-sulphonic acid. 

(ii) a - Chloronaphthalene - 5 - sulphonic 
Acid is the chief product when a- chloronaphtha- 
lene interacts with chlorosulphonic acid first in 
the cold and finally at 150® (Armstrong and 
Wynne, Proc. C.S. 1890, 6, 87). It can he 
obtained by chlorinating sodium naphthalene-a- 
sulphonate with sodium chlorate and hydro- 
chloric acid (Rudolph, G.P. 103983, B.P. 19088, 
1898). It is not formed in the sulphonation of 
a- chloronaphthalene with sidphuric acid (Ferrero 
and Bolliger, l.c.). 

Properties. — The chloride has m.p. 95° and 
the amide m.p. 226° (Cleve, Ber. 1887, 20, 73), 
The water of erj'staUisation and solubihty at 20° 
of some of the salts of a-ohloronapthalene-6-sul- 
phonic acid, in g. per 100 c.c. water are as 
foUows; Ca-pHgO, 0-37; Sr-pSHaO, 0-55; 
Ba-f 2 H 20 , 0-27 ; Zn-f 4 H 20 , 1-20 ; Mn-f HjO, 
0-74; Co-pAHaO, 0-71; Ni-f-dHaO, 0-62; 
Cu-)- 4H20, 109 ; Pb-f-2H20, 0-20; Ag anhyd., 
0-55 (Ephraim and Pfister, Helv. Chim. Acta, 
1925, 8, 229). a-Chloronaphthalene-5-sulphonic 
acid is converted by caustic soda to a-naphthol-5- 
sidphonic acid and by ammonia to a-naphthyl- 
amine-5-sulphonic acid. 

(iii) a- Chloronaphthalene - 6 - sulphonic 
Acid is produced along with the 7-sulphonic acid 
when a-chloronaphthalene is heated with 1— 1'5 
times its weight of sulphuric acid at 160-170° 
(Oehler, G.P. 76396 ; Ferrero and Bolliger, 
l.c.) ; or by chlorination of sodium naphthalene- 


j8-sulphonate with chlorine or with sodium 
chlorate and hydrochloric acid (Rudolph, G.P. 
101349 ; B.P. 19088, 1898). 

Properties. — The chloride has m.p. 114-115° 
and the amide m.p. 216° (Cleve, Ber. 1887, 20, 
73). The barium salt, BaAg-f-HaO and the 
potassium salt, KA, are only sparingly soluble 
in cold water and so permit of separation from 
the salts of the more soluble 7-sulphonic acid. 

(iv) a - Chloronaphthalene - 7 - sulphonic 
Acid is prepared from a a-naphthylamine-7- 
sulphonic acid by the Sandmeyer reaction (Cleve, 
ibid. 1892, 25, 2480) or together with the 6- 
sulphonic acid by sulphonation of a-chloro- 
naphthalene. The chloride has m.p. 94° and 
the amide m.p. 185-186°. 

(v) a- Chloronaphthalene - 8 - sulphonic 
Acid has been prepared in the form of its 
chloride by interaction of potassium a-nitro- 
naphthalene - 8 - sulphonate with phosphorus 
pentachloride (Cleve, ibid. 1890, 23, 962). The 
chloride has m.p. 101° and the amide m.p. 196- 
197°. 

(vi) a - Chloronaphthalene - 3:6 - disul- 
phonic Acid is obtained by chlorination of 
naphthalene - 2:7 - disulphonic acid (Rudolph, 
G.P. 103983). It has been prepared by Sand- 
meyer reaction from a-naphthylamme-3:6-di- 
snlphonic acid (Armstrong and Wynne, Proc. 
C.S. 1896, 11, 82). The chloride is dimorphous, 
the two forms having the m.ps. 116° and 127° 
respectively. 

(vii) a - Chloronaphthalene - 3:8 - disul- 
phonic Acid has been prepared from a-naphthy- 
amine-3:8-disulphonic acid by Sandmeyer re- 
action (Armstrong and Wynne, Proc. C.S. 1890, 
6, 16). The chloride has m.p. 110°. 

(viii) o - Chloronaphthalene - 4:6 - disul - 
phonic Acid is formed by sulphonation of a- 
chloronaphthalene-6-sulphonic acid at 100° 
(Rudolph, G.P. 104902). It has also been made 
from a-naphthylamine-4:6-disulphonic acid by 
the Sandmeyer reaction (Armstrong and Wynne, 
Proc. C.S. 1890, 6, 126). Fusion with caustic 
soda at 230° produces \-.%-dihydroxynaphthalene- 
4:-sulphonic acid (Rudolph, l.c.). 

(ix) a - Chloronaphthalene - 4:7 - disul - 
phonic Acid is obtained by sulphonating a- 
cliloronaphthalene with 45% oleum at 20°, or 
with sulphuric acid at 180° (Oehler, G.P. 74744) ; 
or by sulphonating a-chloronaphthalene-4-sul- 
phonic acid with 20% oleum at 20° (Oehler) or 
at 100° (Armstrong and Wynne, Proc. C.S. 
1890, 6, 18). The chloride has m.p. 107°. 

(x) a-Chloronaphthalene-4:8-disu I phonic 
Acid has been made by the Sandmeyer 
reaction from o-naphthylamine-4;8-disulphonic 
acid (Armstrong and Wynne, l.c., p. 126). The 
chloride has m.p. 135°. 

(xi) o - Chloronaphthalene - 2:4:7 - trisul - 
phonic Acid is formed by sulphonation of a- 
chloronaphthalene with 46% oleum or by sul- 
phonation of a-chloronaphthaIene-4-sulphonate 
with 20% oleum at 170° (Oehler, G.P. 76230). 
The chloride has m.p. 215° (Armstrong and 
Wyime, Proc. C.S. 1890, 6, 126). 

(xii) -Chloronaphthalene - 6 - sulphonic 
Acid is the main product when ^-chloronaphtha- 
lene is sulphonated with oleum at 180° and is 
separated from accompanying 8-sulphonic acid 
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by the sparingly soluble lead salt (Amell, Bull. 
Soc. chim. ISSl, [ii], 45, 1S4). It has been pro- 
duced also by the Sandmeyer reaction from 
naphthylaraine-G-sulphonic acid. The chloride 
has m.p. 110° and amide m.p. 1S3°. 

(xiii) ^-Chloronaphthalene - 8 - sulphonic 
Acid is formed along Tivith the 6-sulphonic acid 
Tvhen ^-chloronaphthalene is sulphonatcd at 
100° -srith oleum (idem, ibid.), or by the action 
of chlorosulphonic acid in the cold on ^-chloro- 
naphthalene in carbon disulphide solution 
(Armstrong and W 3 mne, Proc. C.S. ISSS, 4, 105). 
The foUouing /S - chloronaphthalenesulphonic 
acids have been prepared by the Sandmeyer 
reaction the corresponding J?-napbtbyl- 

aminesulphonic acids : 

(sir) )S-Chloronaphthalene - 1 - sulphonic 
Acid. — Chloride, m.p. 76°; amide, m.p. 153° 
(idem, ibid. 1895, 11, 238). 

(sv) p - Chloronaphthalene - 5 - sulphonic 
Acid. — Chloride, m.p. 69°; amide, m.p. 214° 
(idem, ibid. 1SS9, 5, 48). 

(xvi) /5-Chloronaphthalene - 7 - sulphonic 
Acid. — Chloride, m.p. 86-5°; amide, m.p. 176° 
(idem, ibid., p. 49). 

The ^-chloronaphthalcnedisulphonic acids are 
only of academic interest and have usually been 
prepared by the Sandmeyer reaction on the 
corresponding /S-naphthylaminedisulphonic acids 
(idem, ibid. 1890, 6, 127, 130; 1891, 7, 27). 

BROHO- AND lODO-NAPHTHALENES. 

Bromination of naphthalene has been studied 
by a number of workers, some of whom arc 
referred to below under individual compounds. 
Direct bromination gives mainly a-bromonnph- 
thalene, together with 1:4- and l;o-dibromo- 
naphthalenes. Bromo-derivatives of naphtha- 
lene can also be obtained by replacing other 
substituents such as amino-, hydroxy-, and 
nitro- groups in the naphthalene nucleus, by 
standard methods. 

a-Bromonaphthalene. — ^A method for bro- 
minating naphthalene in carbon tetrachloride 
solution to give a 72—75% yield of a-bromo- 
naphthalene is described in Organic Syntheses, 
1930, 10, 14. It can also be prepared by the action 
of sulphur bromide in benzene (Edinger and 
Goldberg, Ber. 1900, 33, 2885) or ofiodine mono- 
bromide (Melitzer, J. Amer. C^em. Soc. 1938, 60, 
256) on naphthalene, among other methods. 

a-Bromonaphthalene is a coloiuless oil with a 
characteristic odour, m.p, 6-2d:0-02° (Jones 
and Lapworth, J.C.S. 1914, 105, 1804), 6-1° 
(Timmermans and Hennaut-Roland, J. Chim. 
phys. 1937, 34, 693), b.p. 28M° (Kahlbaum and 
Arndt, Z. physikal. Chem. 1898, 26, 627), 
1'4785, n^® 1-6582 (Jones and Lapworth, l.c.). 

^-Bromonaphthalene is obtained from )S- 
naphthylamine via the diazo-compoimd, cs- 
peciahy by heating the complex formed bj’ the 
•bromide of the latter with mercuric bromide 
(Schweehten, Ber. 1932, 65 [B], 1605; Newman 
and Wise, J. Amer. Chem. Soc. 1941, 63, 2847). 
Several workers have made it from ^-naphthol 
and phosphorus tribromide. It has m.p. 58- 
59° ; b.p. 281-282° (Sah, Bee. trav. chim. 1940, 
59, 1021). 

l:2-pibromonaphthalene, from l-bromo-2- 


aminonaphthalene, has m.p. 67-68° (Jleldola and 
Streatfeild, J.C.S. 1893, 63, 1054). 

l:3-Dibromonaphthalene, m.p. 04° (Mel- 
dola, Ber. 1879, 12, 1963). 

l:4-Dibromonaphthaiene has m.p. 82-83° 
(Goldstein and Stem, Helv. Chim. Acta, 1940, 
23, 809). Its formation in the bromination of 
naphthalene has been studied by Zalkind and 
Faerman (J. Russ. Phys. Chem. Soc. 1930, 62, 
1021 ). 

l:5-Dibromonaphthalene, m.p. 131°, has 
been obtained in 19% yield in the bromination 
of naphthalene (Zall^d and Faerman, l.c.). 

l:6-DibromonaphthaIene has m.p. 61° 
(Clans and Philipson, J. pr. Cliem. 1891, [iij, 
43, 51 ; Armstrong and Eossiter, Proc. C.S. 1891, 
7, 184). 

l:7-Dibromonaphthalene, m.p. <o°, by 
brominating ^-bromonaphtlialcnc (idem, ibid.; 
cf. Forsling, Ber. 1889, 22, 619, 1402). 

l:8-Dibromonaphthaiene, m.p. 108-5-109°, 
from 8-bromo-a-naphthyIaminc (Meldola and 
Streatfeild, l.c.). 

2:3-DibromonaphthaIene, m.p. 140°, from 
3-bromo-)3-naphthylamino (W 5 'nne, Proc. C.S. 
1914, 30, 204 ; Kenner, Ritchie, and Wain, J.C.S. 
1937, 1526). 

2:0-Dibromonaphthalene, m.p. 158°, from 
G-bromonaphthalono-j9-sulphonyl bromide (Fors- 
ling, l.c., p. 1401). 

2;7-Dibromonaphthalcne, m.p. 140-141° 
(Franzen and Staublc, J. pr. Chem. 1921, [iij, 
101, 58), from 3:G-dibromo-2-naphthyInminc. 

Several tri- and tclra-bromonaphlhalenes have 
been described ; only the most recent references 
arc given below : 

l:2:4-Tribromonaphthalene, m.p. 112-113° 
(Consden and Kenyon J.C.S. 1935, 1596). 

l:2:6-Tribromo'naphthalene, m.p. 118° 
(Claus and Philipson, l.c.). 

l:4:5-Tribromonaphthaiene, m.p. 85° 
(Jolin, Bull. Soc. chim. 1877, [ii], 28, 514). 

l:4:6-Tribromonaphthalene, m.p. 86-87°. 
Zalkind and Belikov obtained it in the bromina- 
tion of a-bromonaphthalcne (Ber, 1931, 64 [B], 
955). 

l:3:6-Tribromonaphthalene, m.p. 98°, from 
l;3:G-tribromo-)3-naphth3-lnmino (Franzen and 
Staublc, J. pr. Chem. 1921, [ii], 101, 58). 

l:2:3:4-Tetrabromonaphthalene, m.p. 196°, 
from l:3:4-tribromo-^-naphth3’lamino (Hodgson 
and Hathwaj’, J.C.S. 1944, 21). 

1;4:6:7-Tetrabromonaphthalene, m.p. 173- 
174°, from l;4-dibromonaphthalene tetrabromido 
(Guarcschi, Gazzetta, 1886, 16, 146); another 
isomer, l:4:x;x-, m.p. 119-120°, was obtained 
at the same time. 

Hexabromonaphthaienes. — Bj' brominat- 
ing naphthalene in presence of aluminium 
bromide, Zelinsky’ and Tiuovn-Pollak obtained a 
he.xabromonaphthalono, m.p. 312°, identical with 
the product obtained similarly from cia-decalin. 
Irans-Dccalin, however, gave a hoxabroraonaph- 
thalcne, m.p. 269° (Ber. 1929, 62 [B], 1658). 
Earlier workers described products, m.p. 245- 
246° (Gessner, ibid. 1876. 9, 1510) and 252° 
(Roux, Ami. Chim. Phys. 1887, [vi], 12, 347). 

Isomerisation of Bromonaphihalenes. — a- 
Bromo- is converted into )3-bromo-nnphthalcno 
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by the action of aluminium chloride in carbon 
disulphide solution (Roux, l.c. ; Msher and 
Clark, Canad. J. Res. 1939, 17, B, 261) and by 
passage over silica gel in a current of air at 350° 
(Mayer and Schiffner, Ber. 1934, 67 [B], 67). 
l:2-Dibromonaphthalene has been converted by 
the action of aluminium chloride in presence of 
acetyl chloride into 1:4-, 1:5-, and 2:6-dibromo- 
naphthalenes (Lohfert, ihid. 1930, 63 [B], 1939). 

JodonapJilhalenes. 

a-lodonaphthalene, has been prepared by 
several workers and is described as a thick oil, 
b.p. 305°. For the direct iodination of naphtha- 
lene, see Birekenbach and Goubeau, ibid. 1932, 
65 [B], 395 ; Varma ei al., J. Indian Chem. Soc. 
1933, 10, 695). 

j3-lodonaphthalene,m.p. 63-54°, b.p. 172°/21 
mm. (SchmidUn and Huber, Ber. 1910, 43, 2829). 

1:2-Di-, m.p. 81°, and l;4-di-iodonaphtha- 
lene, m.p. 109-110°, were prepared by Meldola 
(J.C.S. 1886, 47, 622), and l:8-di-iodonaphtha- 
lene, m.p. 109°, by Scholl, Seer, and TVeitzen- 
bock (Ber. 1910, 43, 2207). 

NAPHTHALENESULPHONIC ACIDS. 

The mono-, di-, and tri-sulphonio acids of 
naphthalene are important dyestuff inter- 
mediates and the sulphonation process is there- 
fore of major technical importance. The num- 
ber of different acids which can be formed b5' 
direct sulphonation of naphthalene is restricted 
to the two mono-, four di-, and three tri-sul- 
phonio acids. The products obtained depend 
on the nature, quantity, and concentration of 
the sulphonating agent,* on temperature and 
on time, and are summarised in a number of 
rules. A low temperature and a mild sul- 
phonating agent such as chlorosulphonic acid 
favom sulphonation in the a-position, high 
temperature the j8-position; excess of reagent 
promotes polysulphonation ; disulphonic acids 
formed are always heteronuclear I ; a second 
sulphonic group takes up a position as remote as 
possible from the first, thus, low-temperature 
sulphonation of the jS-mono-acid gives 1:6- and 
not l:7-disulphonic acid. J At high temperatures 
a-sulphonic groups move into J3-positions if such 
movement is compatible with the rule that two 
sulphonic groups do not take up adjacent 
positions. The phenomenon of isomeric change 
of sulphonic acids has already been discussed 
(p. 271a). 

The course of sulphonation, ignoring isomeri- 
sation effects is summarised in the diagram 
opposite, where S represents the SO3H group. 

Naphthaleite MoNOsuuPHOific Aoms. 

The conditions leading to the formation of 
naphthalene-a- and J3-sulphonic acids, which 
were first studied by Merz and Weith (ibid. 1870, 
3, 195) have already been reviewed in detail 
(p. 271a) in the discussion on isomeric change. 

Various methods have been employed for the 

• C/. footnote, p. 2716. 

t It has been stated that the l:3-add is also formed 
(fl.r.). 

t The formation of 1:7 disulphonic acid in the snipho- 
nation ofnaphthaleneatlSO” 025%)has been reported 
by Fierz-Davld And Richter (Helv. Chim. Acta, 1945, 
28, 257) and of naphthalene-fi-sulphonic acid by lantz 
(BuB. Soc. chim. 1945, [v], 12, 262). 


determination of naphthalene-a- and jS-monosul- 
phonic acids in presence of each other. Lantz 
(Bull. Soc. chim. 1935, [v], 2, 1913) has devised 
a method in which bromine reacts with the mix- 
ture under specific conditions whereby the ^- 
isomer is brominated to give a soluble product, 
whilst the a-isomer rmdergoes replacement of the 
sulphonic-group to give an insoluble product. 
The proportion of the a-isomer can be determined 
by measurement of the sulphuric acid formed or 
by chromic acid oxidation of the insoluble 
bromo-compound. Terentiev (Sci. Rep. Mos- 
cow State TJniv. 1936, No. 6, 199 ; Amer. Chem. 
Abstr. 1938, 32, 4104) estimates naphthalene-a- 
sulphonic acid by interaction with sodium 
amalgam, when the sulphonic group is removed 
as sodium sulphite which is then determined. 
This method shoxffd be employed with reserve 
since in all probability the group will also be 
eliminated from naphthalene-^-sulphonic acid to 
some degree. The effect of having disulphonic 
acids present may lead to error, though it is 
stated that under the conditions employed the 
groups in naphthaIene-l:5-disulphonio acid are 
only sh’ghtly attacked but with naphthalene- 
l:6-disulphonic acid one sulphonic-group is 
removed. Kiprianov (Zavod. Lab. 1934, 3, 414 ; 
B. 1934, 823) estimated naphthalene-^-sul- 
phonic acid by precipitation as the sparing^ 
soluble magnesium salt. Euwes (Rec. trav. 
chim. 1909, 28, 304) devised a method of analysis 
depending on the mutual solubility effects of 
the lead salts of naphthalene-a- and ;S-sulphonio 
adds and from a predetermined curve it was 
possible to determine the proportion of a- 
isomer in a mixtiure of a- and jS-isomers. 

This last method was also used by Witt in his 
study of the monosulphonation of naphthalene 
(Ber. 1916, 48, 754). Witt developed the 
method of sulphonation of naphthalene to give 
mainly the J3-isomer in which naphthalene is 
heated to about 160°, the sulphuric acid is 
added over a short period of time and the 
reaction mass then heated imtil sulphonation is 
complete. By heating 250 g. naphthalene to 
160° and adding 400 g. of 93-7% sulphimic acid 
(160% of theory) during 15 minutes and finally 
maintaining for 15 minutes at 160°, Witt found 
86% j3-isomer formed and 15% a-isomer and a 
small formation (less than 1%) of dinaphthyl- 
sulphone. Although this may be the proportion 
of isomers formed under the above conditions, 
the manufacturing methods produce much less 
a-isomer than 15%. In a tjqjical manufacturing 
procedure in which naphthalene is heated at 
165°, 1-1*25 mol. monohydrate added and the 
reaction mass heated 2-3 hours at 165°, there 
will be 13-16% of naphthalene unsulphonated, 
1-2% of dinaphthylsulphone formed, 80-81% 
of naphthalene-jS-sidphonic acid and the remain- 
ing ^~5% wiU consist of a-isomer and any di- 
sulphonio acids formed (private communica- 
tion). Under these conditions therefore the 
proportion of a- to jS-isomer is far less than the 
ratio 16:85 found by Witt. 

Naphthalene-a-sulphonic Acid is obtained 
by sulphonation of naphthalene at temperatm*es 
not above 70°. Finely powdered naphthalene is 
added with stirring to 1*5-2 parts by weight of 
sulphuric acid at 40-60°, the temperature finally 
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being raised to 70° to complete the sulphonation. 
The naphthalene-tt-sulphonic acid may be 
isolated as sodium salt either by neutrahsing 
with hme and converting the resulting solution 
of the filtered calcium salt to sodimn salt by 
addition of sodium carbonate or by addition of 
salt to the diluted sulphonation mass (6.P. 
60411). 

An alternative separation designed to ensure 
freedom from j3-isomer is described in B.P. 


414673 (Geigy) in which to the diluted sul- 
phonation product is added sufficient ferrous 
salt.to precipitate the ^-isomer as the sparingly 
soluble ferrous salt and, after filtration, sodium 
naphthalcne-a-sulphonate is isolated from the 
filtrate by addition of salt. According as the 
temperature of sulphonation is varied from 20 
to 65°, the proportion of a-isomor varies from 
90% to 86% and the proportion of ^-isomer from 
10% to 16%. The above method of isolation 



results in separation of 90% of the a-isomer 
present and the product contains only 0'6-l% 
of j3-isomer. 

Naphthalene-o-sulphonic acid has been pre- 
pared in pure form by sulphonating naphthalene 
with 2 parts by weight of acid at 0° and after 
inducing the sulphonic acid to crystallise from 
the sulphonation mass, the filtered a-isomor, 
which contains naphthalene, is purified by 
solution in water, Miration from naphthalene 
and concentration of the filtrate under vacuum 
at 36° to a density of 1'29— 1'3. On cooling, 
a-acid separates as a crystalline mass, which can 
be further purified by solution in water and 


precipitation from concentrated solution by 
hydrogen cldorido (Fiorz and Woissonbaoh, 
Holv. Chim. Acta, 1920, 3, 314). 

Identification . — ^Tho acid, HA,2H20, forms 
easily soluble, non-dcliquoscont crystals (m.p. 
90°) which cannot bo dehydrated ndthout decom- 
position. Tlio ammonium salt, NH^A, and the 
zinc, cobalt, nickel, copper, and cadmhmi salts, 
each having 6 mol. water of crystallisation, are 
described by Fiorz and Weissenbach (l.c.) 

The chloride has m.p. G7° {Erdmann and 
Suvorn, Annalon, 1893, 276, 236) and the amide 
m.p. 160° (Maikopar, Zoit. Chom. 18G9, [ii], 5, 
711). The benzyl-wihiocarhamide salt is a well- 
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defined crystalline product, m.p. 136-8° (Cham- 
bers and Watt, J. Org. Chem. 1941, 6, 376 ; see 
also Chambers and Scherer^ Ind. Eng. Chem. 
1924, 16, 1272; Hann and Keenan, J. Physical 
Chem. 1927, 31, 1082). 

The solubility of a number of salts of naphtha- 
lene-a-sulphonic acid has been determined by 
Ephraim and Seger (Helv. Chim. Acta, 1925, 8, 
724). All the following salts have 6 mol. water 
of crystallisation, and the solubihties (at 17°) 
are expressed in g. of anhydrous salt per htre : 
magneshim 69-78, cobalt 64-17, nickel 49-78, 
copper 46-47, cadmium 45-08, zinc 6-59, man- 
ganese 4-79. 

Reactions and Uses. — ^Further sulphonation at 
low temperatiu-e is an important reaction leading 
to the formation of naphthalene-l:5-disulphonic 
acid together with some l:6-isomer. Another 
technically important reaction is nitration, by 
which is mainly formed a-nitronaphthalene-8- 
sulphonic acid together with some 6-isomer. 
Fusion of naphthalene-a-sulphonic acid ivith 
caustic soda produces a-napMhol. 

Naphthalene-;S-sulphonic Acid is prepared 
by adding sulphuric acid to an equal weight of 
naphthalene at 160°, and after 3 hours at this 
temperature heating for 1 hour at 170° and then 
for 1 hour at 180°. The product is usually 
isolated as sodium salt by addition of salt to the 
diluted sulphonation mass or the diluted acidic 
mass may be neutralised with sodium carbonate 
and the ^-salt isolated by addition of salt. 
Sodium srilphate or sodium sulphite may be used 
for the isolation (Uhlmann, G.P. 229537). In 
manufacture it is usual to employ less severe 
conditions of sulphonation so as to minimise 
formation of disulphonic acids and dinaphthyl- 
sulphone, and there remains in the sulphonation 
mass a small quantity of naphthalene which 
after dilution of the mass is removed by steam 
distillation (v. supra). 

If the sulphonation mass is only diluted to a 
small extent so that the boiling-point is 146- 
166°, then by distillation not only is free 
naphthalene removed but also naphthalene-a- 
sulphonic acid is hydrolysed back to naphthalene 
(Nat. Aniline and Chem. Co., Inc., U.S.P. 
1922813). 

Grischen and Spryskov (Anilinokras Prom. 
1932, 2, No. 11, 19; Amer. Chem. Abstr. 1933, 
27, 4791) have sulphonated naphthalene to give 
the )3-sulphonic acid by heating 0-7 mol. naphtha- 
lene with 1 mol. sulphuric acid at 165°, and when 
sulphonation is complete applying vacuum to 
remove water and so concentrate the residual 
sulphiudc acid; 0-2 mol. naphthalene is now 
added at 165° and the mass similarly treated 
and finally the remaining 0-1 mol. naphthalene is 
added. 

Spryskov (J. Chem. Ind. Russ. 1931, 8, 41 ; 
B. 1932, 378) has obtained 97% sulphonation 
by sulphonating naphthalene with 1 mol. sul- 
phuric acid at 160°, removing the water of 
reaction by passing in benzine vapour purified 
by treatment with sulphuric acid. Spryskov 
attributes the inferior results obtained by Gay 
using a similar method to the use of impure 
ligroin (Chim. et Ind. 1928, 19, 387). 

Fierz-David and Blangey, “ Farbenchemie,” 
4th ed., p. 133, give details of a method for 


making and isolating naphthalene-)3-sulphonic 
acid (sodium salt). 256 g. naphthalene is 
heated to 166° and 280 g. 94% s^phuric acid 
added during 30 minutes, after which the 
reaction mass is heated 1 hour at 165°, 1 hour 
at 167°, 1 hour at 170°, and finally 1 hour at 
173° during which time 25 g. naphthalene and 
30 g. water distil over. The reaction mass is 
poured into 1,800 c.c. water, partially neutralised 
by addition of 60 g. sodium carbonate followed 
by 360 g. salt whereby the j8-salt is precipitated ; 
after cooling and stirring the suspension for 
some hours it is filtered off and dried. The 
actual yield of dried product is 400-420 g., and 
it can be used for direct fusion to )S-naphthol. 

Naphthalene-)S-sulphonic acid can be isolated 
as the free acid in the form of its crystalline 
trihydrate by suitable dilution with water of a 
naphthalene-j5-sulphonation mass. Witt (Ber. 
1915, 48, 755) heated 250 g. naphthalene at 160° 
with 400 g. 93-7% sulphuric acid and diluted 
the sulphonation mass with 300 c.c. water. 
The ^-acid separates as a crystaUiae mass and 
may be purified from a small amount of dinaph- 
thylsulphone by solution of 600 g. of the product 
in 300 c.c. water at 70°, filtering from sulphone 
and precipitating the naphthalene-;8-sulphonic 
acid as its trihydrate by adding 100 c.c. hydro- 
chloric acid and cooling. 

Identification . — ^The acid, HA-fSHjO, forms 
non-dehquescent lustrous scales, m.p. 83°, from 
which the monohydrate, m.p. 142°, and the 
anhydrous product, m.p. 91°, can be prepared. 
The anhydrous product is soluble in toluene 
(Witt, I.C.). The chloride has m.p. 79° (Fischer 
and BergeU, ibid. 1902, 35, 3779) and the amide 
m.p. 217° (Cleve, Bull. Soc. chim. 1876, [ii], 25, 
268). The benzyl -fi-thiocarbamide salt is a well- 
defined crystalline product, m.p. 190-5° (Cham- 
bers and Watt, J. Org. Chem. 1941, 6, 376 ; 
cf. Chambers and Scherer, Ind. Eng. Chem. 1924, 
16, 1272 ; Hann and Keenan, J. Physical Chem. 
1927, 31, 1082). 

The water of crystallisation and the solubihty 
of many salts in g. of anhydrous salt per 100 c.c. 
water (mostly at 16-6°) have been determined by 
Ephraim and Pfister (Helv. Chim. Acta, 1925, 8, 
229) ; N H^A, anhyd. 13-14 at 26° ; NaA, anhyd. 
5-67 at 25°; KA-f-^HaO, 8-02 ; MgA2-|-4H20, 
0-2; CaAa-l-IHaO, 1-99; SrAj-H H 2 O, 0-88 ; 
BaAg-l-IHaO, 0-38; ZnAa-f-eHjO, 0-46; 
MnAg-t-eHaO, 0-33; CoAg-fGHaO, 0-26 (cf. 
Biltz and Birk, Z. angew. Chem. 1926, 159, 
125); NiAa-f-GHgO, 0-36; FeAg-feHaO, 

0- 24; CdAa-fBHaO, 0-87; CuAj-fGHaO, 

1- 05; PbAa-f HaO, 0-54; AgAa anhyd. 1-72. 

Naphthalene-jS-sulphonic acid forms molecular 

compounds with amino-acids, e.g., with glycine 
and sarcosine (Pfeiffer et al., J. pr. Chem. 1930, 
[ii], 126, 126) with l-leuoine, l-histidine, etc. 
(Bermann and Stein, J. Biol. Chem. 1939, 129, 
609). 

Reactions and Uses. — Naphthalene-)S-suIphonio 
acid as stdphonic acid reaction mass is an 
essential stage in the preparation of naphlhalene- 
1:6-, 2:6-, and 2-.1 -disulphonic acids and naphtha- 
lene-l:3:6-trisulphonic acid and the products 
derived therefrom. The main use for the 
isolated product is in the preparation of )S- 
naphthol by fpsign with c^pstic soda, By re-. 
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action -sritli alipliatic alcohols (propyl or butj’l) 
or with formaldehyde, technically valuahlo 
“ wetting-out ” agents arc obtained. 

By nitration, a mixture of a-nitronaph(IiaIcnc- 
6- and -l-sulphonic acids is obtained, leading by 
reduction to the important Clovo acids. B3' 
bromination at 0°, a-hrovionaplithalcnc-lj- and -7- 
sulphonic acids arc obtained in snbstantiall.v 
equal proportion (Salkind and Belikova, J. Gen. 
cLm. Buss. 1934, 4, 1211 ; A. 1935, 612). 


NArHTiiALr.NEDisi!x.riioKic Acids. 

The naphthalencdisulphonic acids given in the 
diagram on p. 281 are manufactured by sul- 
phonating rmder conditions chosen to lead to the 
most favourable proportion of the desired 
isomer. Sulphonation may bo supposed to 
proceed with primary formation of l:5-disHl- 
phonic acid, from 1-sulphonic acid, and of 
l:6-disulphonic acid cither from 2-sfilphonic acid 
or by isomeric change of 1:5-; ftnallj- 1:5- and 
1:6- are converted into 2:7- and 2:0-, the last 
two being inter-convertible. Chlorosnlphonic 
acid, as was first shown by Armstrong, convert.s 
naphthalene into the l:5-disalphonic acid; 
actually the l:5-disulphon3'l chloride is formed 
(I.G., G.P. 4CG441 ; Corbcllini, Giron. Cbcm. 
Ind. appl. 1927, 9, 118). 

During the period 1920-1930 several workers 
studied the reactions lending to the above di- 
sulphonic acids. Fierz-David and Hasler (Hclv, 
Chim. Acta, 1923, 6, 1133 ; Fierz-David, J.S.C.I. 
1923, 42, 442 t) treated nnphtiialcnc in sul- 
phuric acid with just enough sulphuric an- 
hydride to cause disulphonntion and studied the 
changes as the temperature was raumd. Below 
40° a mixture is obtained containing 75% of 
1:5- and l:6-disulphonic acid. At temperatures 
between 120° and 135° the 1:5- dfrappears 
gradually and 2:7- is formed in its place, no 2:0- 
being yet formed. At 140°, however, when all 
1:5- has disappeared, the 2:G-ncid appears. At 
165° there is alwa3'8 formed, in round numbers, a 
mixture containing 24% of 2:0-, 10% of 1:0-, 
and 65% of 2:7-diBulphom'c acid. The inter- 
conversion of the 1:6-, 2:7-, and 2:6- acids was 
established. The work of Ambler and Scanlan 
(Ind. Eng. Chem. 1927, 19, 417) and Lynch and 
Scanlan (ibid., p. 1010) points clearly to the con- 
clusion that the interconversion is brought 
about, as is the change of a- to )3-raonosulphonic 
acid, by hydrolysis and resulphonalion. Wlien 
the 1:5- and l:6-acids were heated with varydng 
strengths of sulphuric acid (1-85%) at tempera- 
toes between 100° and 220° it was found (a) if 
the conditions were too mild to cause sulphona- 
tion of naphthalene, only hydrolysis to naphtha- 
iene occurred and no isomerisation ; (b) under 
sulpnonating conditions the isomeric disulphonic 
acids were formed in the same proportions ns 
dy sulphonating naphthalene. Hoid (J. Amcr. 

the 2:7-ncid 

with 95% sulphuric acid at 160° and found 
gradual conversion into 2:6-acid, rcacliinc a 
maximmu of 42% in 19 hours, a figure higher 
than that given by Fierz-David for the 2:6- 
content of a disulphonation mixture at about 
tnis temperature. 

(i) Naphthalene-l:2-disuIphonic Acid. — 
8 compound has no technical importance. 


Tlicro is no evidence that it is ever formed in the 
sulphonation of naphthalene. It is prepared 
from n-naphth3’Iaminc-2-sulphonic acid cither 
by conversion into the tliionaphtholsulplionic 
acid (Ba3'cr. B.P. 1M05, 1892; Armstrong and 
^^311110, Proc. C.S. 1893, 9, 168) or into the sul- 
phinic acid (Gatlcrmann, Bcr. 189.9, 32. 1150) 
and oxidation of these compounds b3’ potassium 
permanganate. 

IdciiHficntion. — With phosphorus penta- 
chloridc a dichloridc is not formed, but an 
anhydride (m.p. 198°) results (Armstrong and 
Wynne, l.c.). 

(ii) Nnplithalcnc-l:3-disulphonic Acid is 
mado from P-naphth3’lamino-0:8- or -5:7-diBiil- 
phonic acid In' boiling the corresponding 
hvdrazine wifli copper sulphate solution (Arm- 
st’rong and Wynne, Proc. C.S. 1890, 6, 13, 129), 
or from o-naiihth3'iaminc-2:4-disulphonic acid 1)3' 
boiling the diazo-compound with alcohol 
(llychst, G.P. 92082). According to Tschuk- 
.s.'inova (Amcr. Chern. .Abslr. 1910, 34, 5834) it 
is formed to some extent in the sulphonation of 
naphthnlenc at 130’'. 

Jdoilifienlion . — The dichloride has m.j). 137° 
(Armstrong and Wynne, l.r.). The barium salt, 
BaA-i-4H;0, 7)ohi^':i»ia salt, K;A-p2H;0. and 
the fodiina P!\\i arc cr3'stalline and vcr3' soUihlo 
in water. 

Ilcacliom and Uso. — Nnphthalonc-l:3. disul- 
phonic acid is nsed teehnienll3' in tlic manu- 
facture of (fnaphtbot-^-suijdionic arid which is 
prepared 1)3' fusion of (he l:3.di.snlphonic acid 
witli aqueous caustic .soda (B.P. 9.737, 1890). 
Under more severe conditions of fusion, o-toUiic 
acid is produced hv brcalcdown of l:3.(lihydrox3'- 
nnphthnleno with elimination of ncctie acid 
(Knlle, G.P. 79028 ; I'riedhinder and Bildt, Bcr. 
1896, 29, 161 J). 

(jii) Naphthalcnc-l:l-disulphonic Acid is 
of no technical importance. It is prepared 
from a-naphlh3'lanunc-}-snlphonic acid 113’ 
similar reactions to those used for tho prepara- 
tion of nnphthalene-l:2-disulphonic acid (c/. 
Bayer, B.P. 26139, 1896). 

Identification. — ^'I'hc dichloridc has m.p. 160° 
(.Armstrong and W3'nne, Proc. C.S. 1893, 9, 
198). 

Jicaction. — B3’ nitration it is converted into a- 
nitronaphthalcjic-ry.S-distilphon ic acid. 

(iv) Nnphth'alene-l:5-disulphonic Acid 
(Armstrong's acid ). — ^This i.s tcchnicnll}’ the most 
important disulphonic acid of naphthalene. It 
is formed along with tho l:6-isomcr by tbo 
interaction of napbtbalcno in tbo cold with 
5 parts b3’' weight of 23% oleum (.‘Vktienges., 
B.P. 4625, 1SS8) or with 4 parts 113' weight of 
30% oloum. B3' dilution of tho sulphonation 
mass with 3—1 parts of water tho napiithalcnc- 
l:6-di8ulphonic acid separates as n cr3'stnllino 
product in technically pure form. Altornaf ivcl3'', 
by addition of salt to tbo diluted sulphonation 
mass tbo product is isolated as the disodium 
salt (Ewor and Pick, G.P.n. 2619). Sulpbona- 
tion of naphthalene with chlorosnlphonic' acid 
loads to formation of napbibalcno-LG-disul- 
pbonyl chloride, 4 mol. being necessary for 
quantitative reaction (I.G., G.B. 466441; c/. 
Corbcllini, Giom. Chem. Ind. appl. 1927, 9, 118). 

Fierz-David and Hasler (IIolv. Chim. Acta, 
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1923, 6, 1135) describe the preparation and 
isolation of the free acid in pure form. Naphtha- 
lene (128 g.) is added to monohydrate (300 g.) 
and 300 g. of 64% oleum added gradually, the 
temperatmre being allowed to rise to 30° and 
finaUy raised and maintained 8 hours at 40°c. 
The diluted sulphonation mass is partially neutra- 
lised with sodium carbonate and then excess of 
sulphuric acid removed by barium carbonate. 
The filtered solution of the sodium salt, by con- 
centration, acidification with hydrochloric acid, 
and addition of barium chloride, gives the pure 
barium salt of naphthalene-l:6-disulphonlc acid 
which after filtration and conversion to the free 
acid by sulphuric acid is concentrated to crystal- 
lising point and 2 vols. of 38% hydrochloric acid 
added. 

Identification . — ^The chloride has m.p. 183° 
(Armstrong, Ber. 1882, 15, 205) ; the amide 
melts above 310° and the anilide at 248-249° 
(Fierz-David, J.S.C.I. 1923, 42, 426t). The 
acid, H2A-t-4H20, crystallises in monoclinic 
tablets and loses 2H2O when dried in vacuum 
and ,the remainder when dried at 126° ; the 
product dissolves in an equal weight of water at 
20°. The following salts and the parts of water 
to dissolve 1 part of the salt at 18° are described 
by Fierz-David (l.c.); Na2A-(-2H20, 9 parts; 
K2A-(-2H20, 16 parts; CaA-l-2H 20, 40parts; 
SrA-t-HjO, 96 parts, BaA-fHjO, 470 parts; 
MgA-f6H20, 22 parts; ZnA-t-SHgO, 28 
parts; CoA-f6H 20, 46 parts; NiA-(-6H20, 
73 parts; CuA-t-GHjO, 21 parts; PbA-f-SHaO, 
82 parts. According to Ewer and Pick (G.P. 
41934) the lead, barium, and calcium salts are 
easily soluble in water but when dehydrated dis- 
solve only very slowly. 

The benzyl-tfi-thiocarbamide salt of naphtha- 
lene- l:6-disulphonic acid crystallises in flat 
tabular form, m.p. 244-245° (decomposition) 
and has solubility in g. per litre of 0'2N.-hydro- 
chloric acid 0-16/20° and 77-6/100° (Chambers 
and Scherer, Ind. Eng. Chem. 1924, 16, 1272). 

Reactions and Uses. — ^Fusion with caustic 
soda according to the severity of the conditions 
leads to the technically important products, a- 
naphthol-5-sulphonic acid and \:5-dihydroxy- 
napthalene. By further sulphonation and nitra- 
tion, followed by reduction the technically 
important a - naphthylamine - 4:6:8 - trisulphonic 
acid is produced. Nitration of the sulphonation 
reaction mass is the technical route to a-nitro- 
napMhalene-4::8-disulphonic acid and P-nitro- 
naphthalene-i-.S-disulphonic acid, there being 
simultaneous producton of a-nitronaphthalene- 
3:8-disulphonic acid from the naphthalene-l:6- 
disulphonic acid contained in the sulphonation 
mass. 

Naphthalene-l:6-disulphonic acid is also an 
important product in the preparation of stabil- 
ised diazo-compounds {v. Diazo-oompoukds, 
Vol. Ill, 6896; Dyesttji'I's, Azo; Vol. IV, 
231c). 

(y) Naphthalene-l:6-disulphonic Acid. — 
This acid is always formed, though in the smaller 
proportion, when naphthalene-l:5-disulphomc 
acid is made. To obtain the product in larger 
proportion, it is necessary to start either from 
isolated sodium naphthalene-^-sulphonate (Ewer 
and Pick, G.P. 46229) or from a )3-monosulphona- 


tion mass from naphthalene. Thus, Fierz-David 
and Hasler (Helv. Chim. Acta, 1923, 6, 1135) 
prepared sodium naphthalene-l:6-disulphonate 
by first sulphonating naphthalene (128 g.) with 
monohydrate (200 g.) at 165° for haK an hour, 
cooling to 30° and completing the disulphona- 
tion by adding 276 g. 10% oleum and heating 
for 9 horns at 40°. The diluted reaction mass, 
neutralised with barium carbonate, gave the 
sparingly soluble barium naphthalene-l-.5-di- 
sulphonate as a precipitate, along with barium 
sulphate, and from the filtered solution contain- 
ing barium. naphthalene-l:6-disulphonate the 
sodium salt was obtained by addition of sodium 
carbonate, and concentration of the filtered 
solution. The yield was 40-46% of theory. If 
naphthalene-/S-sulphonic acid is used as starting 
material the jdeld is 66-60% of theory. 

Arylamine salts are inefiiective for the separa- 
tion of the naphthalene-1 :6- and l:6-disulphonio 
acid but may be used for their characterisation. 
The a-naphthylamine salt of the l:6-isomer has 
m.p. 272° while that of the l:6-isomer has m.p. 
231° (Forster and Hishiyama, J.S.C.I. 1932, 51, 
298t). 

Identification . — ^The chloride has m.p. 129° 
(Armstrong and Wynne, Proc. C.S. 1886, 2, 232 ; 
1888, 4, 106) and is convertible to l-.Q-dichloro- 
naphthalene. The amide has m.p. 297-298°. 
The acid, HjA-hdHjO, crystallises in monoclinic 
prisms, which, in contrast to the l:6-i8omer, loses 
water not in stages but gradually, either under 
vacuum or when heated at ordinary pressure, 
finally melting at 125° with decomposition. The 
foUowing solubilities in parts of water at 18° to 
dissolve 1 part of product have been deter- 
mined; Acid, H2A-f4H20, 0-61 parts; 

Na2A+6H20, 3 parts; K2A anhydrous, 6 
parts ; (NH4)2A-|-2H20, 2parts ; CaA-f 4H2O, 
lOparts; SrA-f SHgO, lOparts; BaA-f 3-6H2O, 
16 parts at 100°; ZnA-fGHaO, 3 parts; 
CoA-fGHgO, 6 parts; NiA-f6H20, 6 parts; 
CuA-f 4H2O, 2 parts ; PbA-(-4H20, 12 parts 
(Fierz-David, J.S.C.I. 1923, 42, 426t). 

Reactions and Uses. — ^The only technical im- 
portance of naphthalene-l:6-disulphonic acid 
is that on nitration it produces mainly a-nitro- 
naphthalene-3:8-disulphonic acid which by re- 
duction gives the important a-naphthylamine- 
3:8-disulphonic acid. This is the desirable route 
if the requirement of the latter is in excess of 
that recovered from nitration of the naphthalene- 
l:6-disulphonation product {see supra). Sul- 
phonation leads to naphthalene-l:3'.8-trisulphonic 
acid and fusion with caustic soda gives 1:6- 
dihydroxynaphthalene. 

(vi) Naphthalene-l:7-disulphonic Acid is 
of no technical importance. For its formation, 
see footnote, p. 280d. It can be prepared from 
a-naphthylamme-4:6-disulphonic acid by boiling 
the corresponding hydrazine with copper sul- 
phate solution (Armstrong and Wynne, Proc. 
as. 1890, 6, 126). 

Identification. — The chloride has m.p. 122-6° 
and is convertible into I’.I -dichloronaphthalene 
(Armstrong and Wynne, l.c.). 

(vii) Naphthalene-l-.8-disulphonic Acid is 
of no technical importance. It has been pre- 
pared from a-naphthylamine-8-sulphonic acid 
by oxidation of the corresponding thionaphthol- 
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suiphonic acid with permanganate (Ba3’’cr, 
BP. 11465, 1892; Armstrong and Wynne, 
Proc. C.S. 1893, 9, 168). 

Idmtificati 07 U — With phosphorus penta - 
chloride it forms an anhydride, m.p. 227°. The 
potmsium salt, KgA+HoO forms sparingly 
soluble, four-sided scales. 

(viii) NaphthaIene-2:6-disulphonic Acid 
is formed in the smaller proportion in the pre- 
paration of naphthalene-2:7-disulphonio acid 
and its preparation and isolation are described 
voider the latter. There is no method Imoum by 
which the proportion of the 2:6-isomer can be 
substantially altered. 

Identification. — The chloride has m.p. 228- 
229° ; the solubility of the lead salt is 0'19 g. per 
100 c.c. water at 25° (Haller and Ljmeh, Ind. 
Eng. Chem. 1924, 16, 273). The barium salt is 
sparingly soluble. The calcium and potassium 
salts dissolve in 16 and 19 parts water, respec- 
tively, at 18°, and the sodium salt- in 8-4 parts 
(Ebert and Merz, Ber. 1876, 9, 598). The 
benzyl-i/f-thiocarbamide salt has m.p. 200° (dc- 
comp.) (Chambers and Scherer, Ind. Eng. 
Chem. 1924, 16, 1272). 

Beactions and Uses. — ^Naphthalene-2:0-disul- 
phonic acid has little technical use. By fusion 
with caustic soda according to the severity of 
conditions there is produced ^-naphthol-d-sul- 
phonic acid (usually made by sulphonating fi- 
naphthol) or 2:G-dihydroxynaphthalenc. On nitra- 
tion, a-nitronaphthalene-G:l‘disidphonic acid is 
formed and on sulphonation naphthalcne-l'.ZU- 
trisulphonic acid. 

(ix) Naphthalene-2:7-disulphonic Acid is 
obtained along with the 2:0-isomor and a smaller 
amount of l:6-i8omer by high-tempernturo sul- 
phonation of naphthalene. Pierz-David and 
Hasler (Holv. Chim. Acta, 1923, 6, 1135), by 
sulphonating naphthalene (128 g.) at 165° bj’ 
addition of 20 g. of 100% sulphuric acid followed 
by an additional 400 g. of sulphuric acid and 
heating 8 hours at 180°, found that there was 
formed a 65% yield of 2:7-isomor, 25% of 2:6- 
isomer, and 10% of l:6-isomor. The presence of 
the l:6-isomer in this type of sulphonation was 
first noted by Armstrong (Bor. 1882, 15, 204). 
The original work on naphthaleno-2:7-disul- 
phonic acid was by Ebert and I^Ierz (he.) and 
their conclusion that on prolonged heating the 
2:7-isomer is converted to the 2:6-isomcr has 
been confirmed (see p. 2836). A tj'pical process 
for the sulphonation is described by Simpson 
and Olsen (Ind. Eng. Chem. 1937, 29, 1350). 
To 800 lb. of naphthalene heated at 150-160° is 
added 3,600 lb. 98% sulphiuic acid during 2 
hours and the mass finally maintained at 160° 
for 3 hours. The method of separation em- 
ployed was based on the sparing solubility of the 
calcium salt of the 2:6-isomer in salt solution. 
The^ yield of 2:7-isomer is 50% theory and of 
2;6-isomer 35% theory. This method of separa- 
tion was first described in G.P. 48053 (Griinau, 
Landshoif, and Meyer) and depends on the fact 
that the calcium salt of the 2:6-isomor is 
practicaBy insoluble in hot or cold salt solution, 
tne calcium salt of the 2:7-isomer is moderately 
soluble in hot but sparingly soluble in cold salt 
solution and the small amount of calcium salt of 
the l;6-iBomer remains dissolved in cold salt 


solution. An earlier method of separating the 
2:6-isomcr depended on dehydration of the 
calcium salts at 200-230° when the 2:6-isomer 
becomes very sparingly soluble (Freund, B.P. 
1069, 1883). 

Another method of sulphonation in which 
sodium naphthnleno-)3-sulphonate is heated with 
sulphuric acid at 180° has been described by 
Baum (G.P. 61730). 

The vapour-phase sulphonation of naphthalene 
is said to produce mainly the 2:7-isomor. Naph- 
thalene vapour ascends a tower heated at 220- 
230°, down which tricldes sulphuric acid, and 
because of the rapid reaction and subjection of 
the reaction product to heat for onlj' a brief 
period transformation of the 2:7-isomcr to 2:6- 
isomer is impeded. The jicld of 2:7-isoraor is 
75-85% (Gibbs, Ambler, and the Scldcn Co., 
B.P. 131970; Ambler, Lyncli, and Haller, Ind. 
Eng. Chem. 1924, 16, 1264). 

Identification. — ^According to Haller and 
Ljmch {ibid. 1924, 16, 273) the chloride has m.p. 
168-5-169-6°. Tlie acid, which is verj' soluble 
in water, crystallises in long deliquescent needles. 
The salts of naphthalcnc-2:7-disulphonic acid 
are more soluble than the corresponding salts of 
the 2:6-i8omor; Ebert and Merz (Ber. 1876, 9, 
695) give the following composition of the salts 
of both isomers and the amount of water to 
dissolve 1 part of anhj’drous salt at 18°. 

2:7-lsoincr. 2:0-lsoincr. 


PbA, 2 H 20 easily soluble. 

PbA,H 20 sparingly soluble. 

BiA.aHiO 

82-2 parts. 

BaA,H20 

»» _ I* 

CaA,6H20 

/».o 

CaA 

IC’2 parts. 

K2A,2H:0 

1-4 » 

K;A 

102 „ 

Na2A,6H20 

0.0 

Na-A.H-O 

8-4 „ 


The bcn:yl-i(i-lhiocarbamidc salt of naphthalene- 
2:l-disulphonic acid has solubility in g. per litre 
of 0-5 n. hj^drochloric acid 2'2/20° and 177’8/100° 
(Cliambcr and Scherer, Ind. Eng. Clicm. 1924, 
16, 1272) and m.p. 205° (dccomp.) (Chambers 
and Watt, J. Org. Chem. 1941, 6, 376). 

Beactions and Uses. — ^By sulphonation thoro 
is formed naphthalcJic-hZiG-trisulphonic acid. 
By fusion with caustic soda there is formed, 
according to the strength of caustic soda and 
temperature of fusion, first P-naphthol-'i -sui- 
phonic acid (F-acid) and then 2:1 -dihydroxy- 
naphthalenc. Nitration ftirnishcs l:8-rfi7n7ro- 
naphthalenc-3:G-disulphonic acid. 

The main technical uses of nnphthalenc-2:7- 
disulplionio acid are for the production of )9- 
naphthol-7-sulphonic acid and as intermedinte 
for the production of Lissamino Green V (I.C.I.) 
(Erio Green B, Geigy) by condensation •vvith 
totraothyldiaminobonzhj'drol. 

NArnmALENETRisuLrnoNio Aoids. 

The technically most important naphthaleno- 
trisidphonic acid is the l:3:0-isomor wliich ns the 
sodium salt has technical applications, but its 
main use is in non-isolated lorm as the inter- 
mediate stage to H-acid by nitration, reduction 
and fusion ^vith caustic soda. The only other 
technically valuable trisulphonic acid is the 
l:3:5-isomer which in the non-isolnted form is 
nitrated and reduced to give a-naphthylamine- 
4:6:8-trisulphonio acid, an important inter- 
mediate in the manufacture of the medicinal 
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product Bayer-205 (“ Antrypol," I.C.I.) ; _ also 
by fusion witb caustic soda it furnishes K-acid 
(l:8-aininonaphthol-4;6-disulphonic acid). 

According to Gtirke and Rudolph, a naphtha- 
lenetrisulphonic acid is obtained by the sul- 
phonation of naphthalene either with 8 times 
its weight of 24% anhydro-acid at 180°, or with 
6 times its weight of 40% anhydro-acid at 80— 
100° ; also by the sulphonation of naphthalene- 
mono- and di-sulphonic acids and their salts 
with a proportionately smaller quantity of 
anhydro-acid (G.P. 38281 ; B.P. 15716, 1885): 
Two acids, at least, are obtained by these pro- 
cesses, the l:3:5-trisulphonic acid, which is the 
chief product at the lower temperature, as 
Erdmann states (Ber. 1899, 32, 3188), being 
replaced by the l;3;6-tTisulphonic acid, the final 
trisulphonation product at the higher tempera- 
ture (c/. Pierz and Schmid, Helv. Chim. Acta, 
1921, 4, 381). As a third acid, the 1:3:7- 
derivative, can he obtained by the sulphonation 
of naphthalene-2:6-disulphonic acid, its presence 
in the mixture, although not recorded, is at least 
probable. 

The naphthalenetrisulphonic acids in which 
two of the three sulphonic groups are relatively 
in the wicto-position yield hyc&oxytoluic acids 
by digestion with caustic soda solution at 250° 
(Kalle, G.P. 91201), and brown dyes, possibly 
derived from them, by digestion with sodium 
sulphide, and water at 240° (KaUe, G.P. 98439). 

(i) Naphthalene-l:3:5-trisulphonic Acid 
is formed when sodium naphthalene-l;5-disul- 
phonate (2 parts) is heated either with mono- 
hydrate (3 parts) during 1 hour at 50°, 67% 
anhydro-acid (2'8 parts) being then added 
gradually during a second hour at this tempera- 
ture, and the mixture afterwards heated at 90° 
during a further 3 hours, or until disulphonate 
is no longer precipitated from a sample by brine 
(Kalle, G.P.a. 11104; B.P. 1641, 1894; Erd- 
mann, Ber. 1899, 32, 3188), or with 20% 
anhydro-acid (6 parts), the temperature being 
gradually raised to 130° and maintained at this 
point imtil sulphonation as tested by brine is 
complete (Fischesser, G.P.a. 7059 ; Bayer, 
G.P.a. 7004; B.P. 17141c, 1893). It is also 
formed by oxidising with permanganate the 
thionaphthol or the sulphinic acid obtg,ined 
from p - naphthylamine - 4:8 - disulphonic acid 
(Bayer, G.P. 70296; B.P. 11465, 1892; 
Gattermann, Ber. 1899, 32, 1159). 

Identification. — ^The acid is very soluble in 
water, and its behaviour recalls that of the 
strongest non- volatile mineral acids ; the sodium 
salt, Na3A-f4H20, forms needles very soluble 
in water, but only sparingly so in dilute alcohol. 
The chloride, rhombic prisms, m.p. 146° (Fis- 
chesser, l.c. ; Gatterman, Z.c.) is convertible into 
l:S:5-trichloronapJithalene (KaUe, l.c. ; G.P. 
82563). 

Reactions and Uses. — On sulphonation it yields 
naphthalene-l:3:5:7-tetrasulphonic acid. Fusion 
with caustic alkah converts it into a-napMhol- 
3:5-disidphonic acid and \:5-dihydroxynaphfha- 
lene-3-sulphonic acid, but digestion with strong 
caustic soda solution at 250° gives o-hydroxy-o- 
toluic acid (KaUe, G.P. 91021; B.P. 16559, 
1894). Nitration fiumishes a-nitronaphthalene- 
A:G-.3-trisxdphonic acid from which by reduction 


is obtained the technically important a-naphthyl- 
amine-4:-.6:8-tr{sulphonic acid. 

(ii) Naphthalene- l:3:6-trisulphonic Acid 
is obtained when sodium naphthalene-l:6- or 
2:7-disulphonate is heated with twice its weight 
of 24% anhydro-acid, the temperature being 
raised graduaUy to 180° (c/. Giirke and Rudolph, 
G.P. 38281; B.P. 15716, 1885; Bayer, G.P. 
63015), or, mixed with l:3;5-trisulphonic acid, 
when naphthalene or sodium naphthalene-^- 
sulphonate is heated with 40% anhydro-acid at 
150-160° (Giirke and Rudolph, l.c.) and when 
naphthalene is heated -with 3-5-4 times its weight 
of chlorosulphonic acid at 150° for an horn- 
(Armstrong and Wynne, Proc. C.S. 1887, 3, 
146). It is formed also by eliminating the 
amino-group either from ^-naphthylamine-2:4;7- 
trisulphonic acid (Armstrong and Wynne, ibid. 
1890, 6, 125) or . from ^-naphthylamine-3:6:8- 
trisulphonic acid (Dressel and Kothe, Ber. 1894, 
27, 2154). 

Preparation. — Monohydrate (380 parts) is 
added very slowly to naphthalene (256 parts) 
at 165°, the melt kept at this temperature for 
an hour, then cooled to 75°, diluted with mono- 
hydrate (120 parts) cooled to 50°, and mixed 
cautiously with 60% anhydro-acid (900 parts), 
stirring being continuous, and finally heated at 
165° for 6 hours to ensure complete conversion 
of mono- into tri-sulphonic acid, which without 
being isolated is then available for nitration. 
The yield of l:3:6-trisulphonio acid may amount 
to 60% of that calculated (H. E. Fierz-David, 
“ Dye Chemistiy,” Churchill, 1921, p. 12). 

Identification . — ^The sodium salt N aj A-f- 6 H 2 O 
forms very soluble needles and the chloride 
small prisms, m.p. 194° (Armstrong and Wynne, 
l.c. ; Dressel and Kothe, l.c.). 

Reactions and Uses. — By fusion with 50% 
caustic soda solution at 170-180° there is pro- 
duced a-naphthol-3i&-disulphonic acid (Violet 
acid) and with 90% caustic soda at 250° 1:6- 
dihydroxynaphthalene-3 -sulphonic acid. By nitra- 
tion there is formed a-nitronaphthalene-3:6:8- 
trisulphonic acid which by reduction gives a- 
naphthylamine-3:8:8-trisulphonic acid (Koch acid) 
and this on fusion with caustic soda gives H-acid. 
The total reaction product of the sulphonation of 
naphthalene to trisulphonic acid in the form of 
its sodium salt finds some application as a 
stabiliser for diazo-solutions (“ Azoguard ”). 
Sodium naphthalene-l:3:6-trisulphonate, par- 
ticularly as the total crude reaction product, has 
a solubilising effect on other products. Thus, 
Korolev, Bilik, and Tscheksanova (B. 1936, 
440) state that salts of naphthalene-l:3:6-trisul- 
phonic acid yield colloidal solutions in water and 
act as protective coUoids, for example, retarding 
or preventing the precipitation of the benzidine 
salts of naphthalene-2:6- and 2:7-disulphonic 
acids. 

(iii) Naphthalene-l:3:7-trisulphonic Acid 
is obtained when sodium naphthalene-2:6-disul- 
phonate (1 part) dissolved in monohydrate (3 
parts), is heated with 60% anhydro-acid (1 part) 
on a water bath until a test, on addition of 
common salt, gives no separation of the disul- 
phonate (Cassefia, G.F. 75432). It is also formed 
by oxidising with permanganate the thio- 
naphthols from a - naphthylamine - 3:7 - disul- 
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phonic acid and jS - naphthylamine - G:8 - disul- 
phonic acid (Bayer, G.P. 70296 ; B.P. 11465, 
1892), and eliminating the amino-gronp from 
fi-naphthyIamine-3:5:7-trisulphonic acid (Dressel 
and Kothe, Ber. 1894, 27, 1203). 

Identification — The chloride forms large 
prisms, m.p. 165-166° (Dressel and Kothe, Z.c.). 

Eeaciions . — On snlphonation it yields naphtha- 
hne-l:3:5:l-tetrasul2^homc acid. Digestion with 
50% caustic soda solution at 260° converts it into 
p-hydroxy-o-toluic acid (Kalle, G.P. 91201; 
B.P, 16559, 1894). Nitration furnishes a-nitro- 
naphthalene-3:5:'i-trisiilphonic acid. 

(iv) Naphthalene-l:4;8-trisulphonic Acid 
is obtained by oxidising with permanganate 
the thionaphthol or the sulphinic acid prepared 
from a - naphthylamine - 4:8 - disnlphonic acid 
(Bayer, G.P. 70296; B.P. 11465, 1892; Gattcr- 
mann, Ber. 1899, 32, 1156). 

Identification . — ^The chloride forms clusters of 
needles, m.p. 150-157° (Gattcrmnnn, l.c.). 

(v) NaphthaIene-2:3:6-trisulphonic Acid, 
obtained by oxidising with ijermanganatc the 
.thionaphthol from ^-naphthylnminc-3:6-disul- 
phonic acid (Bayer, l.c . ; Armstrong and Wjmnc, 
Proc. C.S. 1893, 9, 168), is also the product 
formed by eliminating the ammo-group from 
naphthylaniine-3:6:7-trisulphonic acid (Dressel 
and Kothe, Ber. 1894, 27, 1202). 

Identification . — ^Tho potassium salt (d-SHoO) 
is micro crystalline ; the chloride forms flat 
prisms, m.p. 200° (.^mstrong and Wynne, l.c.). 

The following acids : 


(vi) Naphthalene-l:2:5-trisulphonic acid, 

(vii) Naphthalene-l:2:0-trisulphonic acid, 
(viii) Naphthalene-l:3;8-trisulphonic acid, 

(ix) Naphthalene-l:4:7-trisulphonic acid. 


obtained, like the 2:3:6-trisulphonic acid, from 
the corresponding thio-a- or -^-naphtholdisul- 
phonic acids by oxidation, form sodium salts 
which are very soluble in water (Bayer, l.c.), but 
have not been farther described. 


NAPHTHALE^^ETETKASULP^O^^C ACIDS. 

The naphthalenctetrasulphonic acids have no 
technical importance. Each of the two methods 
employed for the tetrasulphonation of naphtha- 
lene has been stated to furnish more than one 
tetrasulphonic acid. Senhofer (Jlonatsh. 1882, 
3, 111), by using a mixture of sulphuric acid with 
phosphoric oxide at 260° for 3-4 hours obtained 
a product which by fractional crystallisation of 
the mixed barium or copper salt furnished an 
acid now identified by Eierz and Schmid as the 
l:3:5:7-tetrasulphonic acid (Helv. Chim. Acta, 
1921, 4, 381). With 40% anhydro-acid at 160° 
for 9 hours, or with chlorosulphonic acid (Bayer, 
G.P. 40893), at least two tetrasulphonic acids 
were said to be formed, and to avoid the pro- 
duction of isomers, the 2:6-disulphonic acid 
replaced naphthalene in later developments of 
the process (Bayer, G.P. 79054 ; 80464 ; B.P. 
-o0/4 18^; c/., however, G.P. 89242), furnish- 
Jfife the l:3:7-trisulphonic acid under similar 
conditions, a tetrasulphonic acid, the chloride of 
wluch melted at 261-262° (Bayer, G.P.a. 7224; 
/.c.). 

On reinvestigating the subject, Eierz and 


Schmid (l.c.) have reached the following con- 
clusions : 

1. That energetic sulphonation with an- 

hydro-acid converts naphthalene into 
a mixture of the l:3:6-trisulphonic and 
the l:3:5:7-tctrasulphonic acids ; 

2. That the l:3:5:7-dcrivative is the onlj’ 

tetrasulphonic acid arising from the 
sulphonation of naphthalene ; 

3. That this tetrasulphonic acid is formed 

very readily in the melt, but indepen- 
dently of the l:3:6-trisulpbonic acid 
unless, bt' the use of only weakly 
fuming sulphuric acid, isomerisation 
occurs followed bj- further sulphona- 
tion. Thc 3 ' further suggest that the 
simultaneous formation of the tri- and 
tetra-sulphonic acids accounts to a 
large extent for the apparent loss of 
material in the production of H-acid 
from the trisulphonation melt, in 
which onlj’ the trisulphonic acid can be 
nitrated. 

(i) Naphthalene - 1:3:5:7 - tetrasulphonic 
Acid is obtained when calcium naphthalcne- 
2:6-disulphonatc, dried at 200°, is heated with 
3 times its weight of 25% anhj-dro-acid at 90° 
during 4 hours and then at 260° during 6 hour.*’. 
The product is converted into sodium salt, 
which can be separated from a hot concentrated 
solution by common salt ns a hcavj- sand-like 
precipitate (Ba^'cr, G.P. 79054 ; B.P. 25074, 
1893). 

Identification. — ^Thc barium salt, 
Ba.A-f-MHjO, 

is ciDoroscent, that with 8H,0 is stable in the 
air (Eierz and Sclimid, l.c.). The chloride forms 
very sparinglj' soluble, compact, cubical crjstals, 
m.p. 261-262° (Bayer, G.P.a. 7224 ; Eierz and 
Schmid, l.c.). 

Reactions. — ^Eusion with caustic alkali con- 
verts it into I'.'iiO-trihydroiynaphthalcnc-l-sul- 
phojiic acid, but digestion with 15% caustic soda 
solution furnishes a-riaphthol-^iO-.l.trisuljdionic 
\acid and with 60% solution a mixture of the 
isomeric l:3-dihydroxynaphthalene-5u- and 1:5- 
dihydroxynaphthalenc-'i:l-disulphonic acids. It 
cannot bo nitrated. 

(ii) Naphthalene - 1:3:G:7 - tetrasulphonic 
Acid has been prepared bj* oxidising with per- 
manganato the thionaphthol obtained from fl- 
naphth3'lamine-3:G:8-trisulphouio acid (Bav-er, 
G.P. 70296; B.P. 11465, 1892). 

Identification . — ^Tho sodium salt forms a \cry 
soluble graniilar mass. The chloride cr^'stallises 
in needles, m.p. 309-310°, sparingly soluble in 
benzene (Baj'cr, G.P.a. 7224). 

(iii) Naphthalene - 1:3:6:8- tetrasulphonic 
Acid is obtained similarly from a-naphthyl- 
aminc-3:6:8-trisulphonic acid. 

Identification. — The barium salt is onl 3 ' 
sparingly soluble, but the crystallmo sodium salt 
easily soluble in water. The chloride, short 
prisms, m.p. 282—283°, dissolves only very 
sparingly in benzene, but more readily in acetone 
(Bayer, l.c.). 
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NITRONAPHTHALENES. 

The action of nitric acid on naphthalene was 
first studied by Laurent who described a-nitro- 
naphthalene under the name nitronaphthalase 
(Ann. Chim. Phys. 1836, [ii], 59, 376 ; cf. Laute- 
mann and Aguiar, BuU. Soc. chim., 1865, [ii], 
3, 261). The first product of nitration is a- 



nitronaphthalene, accompanied by a small pro- 
portion of j3-nitronaphthalene (see later) and 
dinitronaphthalenes. Dinitration gives 1:6- and 
l:8-dmitronaphthalene, and the further nitra- 
tion products, neglecting any arising from p. 
nitronaphthalene, are shown in the following 
scheme : 



It will be noted that, unlike sulphonio groups, 
two nitro-groups can take up 1:2-, 1:4-, and 1:8- 
positions in the naphthalene ring. Nitration 
resembles sulphonation in that the di-substitution 
products are wholly heteronuclear. 

By reduction, usually with iron and dilute 
sulphuric acid, the nitronaphthalenesulphonic 
acids are converted into the corresponding 
naphthylaminesulphonic acids, which in not a 
few cases are of technical importance, being 
isomeric with those obtained from the naphthyl- 
amines by sulphonation. 

Unlike nitrated hydrocarbons of the benzene 
series, the nitronaphthalenes are of httle im- 
portance as explosives. Crude tetranitronaph- 
thalene, for example, obtained by heating crude 
dinitronaphthalene wdth 15 times its weight of a 
mixture containing 30% of nitric acid {p 1-5) 
and 70% of sulphuric acid at a temperature not 
exceeding 130° for an hour, is almost insensitive 
to detonation and percussion, and when heated 
burns quietly wnth a smoky flame without ex- 
plosion (Escales, Nitrosprengstoffe, ed. 1916, 168, 
331). Dinitronaphthalene^ (mixture of 1:5- and 
1:8- isomers) is used to some extent in blasting 
explosives (see Vol. IV, 474c-4766). 

Mononitbonaphthalenes 
a-Nitronaphthalene, for laboratory pur- 
poses, may be prepared by adding very finely 


powdered naphthalene (128 g.) to a mixture of 
60% nitric acid (103 g.) and 80% sulphuric acid 
(300 g.) stirring continuously for 6 hours at 
50°, and completing the reaction at 60° for 1 
hour. The product, boiled with water to remove 
acid and unchanged naphthalene, may be freed 
from dinitronaphthalene by extraction with 
carbon disulphide {cf. Beilstein and Kuhlberg, 
Annalen, 1873, 169, 81). Recently, Fierz-David 
and Sponagel have studied the nitration of 
naphthalene. They showed that the nitration 
product obtained as above contains about 0-4% 
of 2:4-dinitro-a-naphthol, which can be removed 
by aqueous caustic soda. Subsequent distil- 
lation at 12 mm. gives a mixture of mononitro- 
naphtbalenes of setting point 49-51° containing 
4-6% of )S-nitronaphthalene (yield about 94-5%), 
leaving a residue containing 1:5- and l:8-dinitro- 
naphtbalenes. Pure a-nitronaphthalene is ob- 
tained by several recrystalhsations of the distil- 
lation product from ethyl alcohol and fight 
petroleum. The authors give a melting-point 
diagram for mixture of a- and jS-isomers ; the 
eutectic mixture contains 66% of a-nitro- 
naphthalene (Helv. Chim. Acta, 1943, 26, 98). 

On the manufacturing scale, high quality 
naphthalene crystals are nitrated in a jacketed 
cast-iron pan at a temperature rising to 60°, 
cooling being necessary. The nitrating agent 
may be mixed nitric-sulphuric acid or a mixture 
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of sulphuric acid and sodium nitrate. Similar 
processes have been described by Witt (Chem 
Ind. 1887, 10, 216) and Hochst (G.P. 201623) 
When nitration is complete the batch is allowed 
to separate into two layers, the lower layer of 
spent acid is run off, and the molten nitro- 
naphthalene is run into hot water and well 
washed with water and dilute alkali. If a purer 
product is required it may be obtained by cry' 
stallising from solution in one-fourth of its weight 
of solvent naphtha (Paul, Z. angew. Chem 
1897, 10, 146) or by sweating (Du Pont, U.S.P. 
1836211). 

Identification. — ^Pure a-nitronaphthalene cry 
staUises in slender lustrous needles ; it is odour- 
less and has m.p. 57-8° (block, Pierz-David and 
Sponagel, l.c. ; Enz and Pfister, ibid. 1930, 13 
194, gave 56'0°). It is practically non-volatile 
in steam, readily soluble in benzene and its 
homologues, carbon disulphide, ether, and hot 
alcohol; 1 part dissolves in 35-30 parts of 
87*5% alcohol at 15°. Its vapour attacks the 
eyes, and it is poisonous. 

Beaciions. — ^IVith chromic acid in acetic acid 
solution it is oxidised to 3-ni(rophfhalic acid 
(BeUstein and Kurbatow, Annalcn, ISSO, 202, 
217); with 5% potassium permanganate to 3- 
nitropJithalonic acid and S-nitrophthalic acids 
(Friedlander and Weisberg, Ber. 1895, 28, 1642), 
but with cupric or ferric oxide and caustic soda 
solution at 250° to a mixture of phthalic and 
benzoic acids (Bindschedler, G.P. 136410, 
140999; B.P. 15527, 1901). Alkaline per- 
manganate oxidation followed by treatment 
with aniline gives the aniline salt of phthalonic 
acid, the nitro-containing ring being attacked 
in this case (Gardner, J. Amer. Chem. Soc. 
1927, 49, 1831). When oxidised in the vapour 
phase by a large excess of air in presence of 
vanadic oxide at 340-350°, it gives rise to a mix' 
ture of phthalimide and phthalic anhydride 
(Green, J.S.C.I. 1932, 51, 147t). 

When boiled with ammonimn sulphite solu- 
tion it is converted into a mixture of a-naphthxjl- 
amine-N-sulphonic and -i-sulphonic acids, but 
with sodium bisulphite solution into a-naphthyl- 
amine-2:4:-disulphonic acid mixed with a small 
amoimt of the A-sulphonic acid. Reduction in 
acid solution converts it into a-iiaphtliylaminc. 
With excess of hydrogen, in contact with finelj' 
divided copper at 330-350°, it also gives a- 
naphthylamine, but with nickel at this tempera- 
ture not only a-naphthylamino but teirahydro- 
naphthalene, ammonia, and naphthalene are pro- 
duced (Sabatier and Senderens, Compt. rend. 
1902, 135, 226). In alcoholic solution with 
sodium amalgam, azoxynaphthalene is formed 
(Jaworsky, J. pr. Chem. 1865, [i], 94, 285). For 
its reduction to tetrahydro-a-naphthylaminc 
see pp. 4136, 4195. 

RTien a-nitronaphthalene, dissolved in ben- 
zene or carbon tetrachloride, is chlorinated in 
the presence of iodine or ferric chloride, 1:5- and 
hS-chloronitronaphthalenes are obtained to- 
witii niironapMhalene chlorides which, 
when heated in a vacuum, furnish naphthalene 
jndchloro-, dichloro; and irichloro -naphthalenes 
(Buifle and Cordaz, A. 1932, 1241). 

a-Nifronaphthalene with sodamide and piper- 
mne gives l-niiro-4.-piperidinonaphthalene, m.p. 

VoL. Vm.— 19 


73-5-74°, reducible to l-omtno-4-ptpendino- 
vaphthalene, m.p. 78—79° (Bradley and Robinson, 
J.C.S. 1932, 1254). 

/3-Nitronaphthalene is formed in small 
quantity in the nitration of naphthalene but 
must bo prepared by indirect methods. 

Preparation. — ^It can be obtained from 2-nitro- 
a-naphthylamine by the diazo-reaction (Lell- 
mann and Remy, Ber. 1886, 19, 236 ; Lcll- 
mann,i6id. 1887, 20, 891) ; in 7% yield from ^- 
diazonaphthalene nitrite by treatment with 
cuprous oxide (Sandmoyer, ibid. 1887, 20, 
1496); in 25% yield, from diazotised )3-naph- 
thylamino sulphate by interaction ^vith cupro- 
cupric sulphite and potassium nitrite solution at 
the ordinary temperature (Hantzsch and 
Blagden, ibid. 1900, 33, 2554) ; in 30% yield 
from 2-nitro-a-naphthylainino (Hodgson and 
Kilner, J.C.S. 1926, 7 ; Hodgson, Leigh, and 
Turner, J.C.S. 1942, 744); and from )5-nitTO- 
tetralin by bromination and dehydrobromina- 
tion (Tetralin G.m.b.H., G.P. 332593 ; see also 
G.P. 299014 ; von Braun cl ah, Ber. 1922, 55 
[B], 1687). 

Identification. — ^It crystallises from dilute 
alcohol in small yellow needles, m.p. 79° (75-1° 
according to Lenkhold, Anilinokras Prom. 1932, 
2, 16-17), has an odour of cinnamon, and 
volatilises only slowly with steam. 

Peactions. — On sulphonation, it yields a mix- 
ture of p-nitronaphthalcnc-5- and -8-sulphonic 
acids. llTien warmed with methyl alcoholic 
potash it gives Z-nitroso-a-naphthol. llTicn 
nitrated in sulphuric acid solution it gives 
1:3:8-Iriniir0; but in glacial acetic acid solution 
2:5- and 2:8-d{nitro-naphthalcnc, melting at 160- 
161-5° and 150° respectively (Vcsol^* and Jakes, 
Bull. Soc. chim. 19M, [iv], 33, 952). On reduc- 
tion with zinc and alcohol it gives azoxy-, azo-, 
and ^ydrouzo-compounds in the same way as 
nitrobenzene (Gumming and Steel, J.C.S. 1923, 
123. 2464; Gumming and Fcrricr, ibid. 1924, 
125, 1108). 

NrnioNAPHTnALr.NESTTi.rnoKio Acids. 

The known nitronaphthalcncsulphonic acids 
arc mostly a-nitro-coinpoimds and are obtained 
either by sulphonation of a-nitronaphthalcno or 
by nitration of naphthalono-a- or -^-monosul- 
phom'c acids. The products from each of these 
sources are: (S=S 03 H). 

(a) By sulphonation of a-nitronaphthalcno : 


NO„ 


NO, 


NO, 



(6) By nitration of naphthalenc-a-sulphonic 
acid : 



NO, 


NO, 



290 


NAPHTHALENE. 


(c) By nitration of naphthalene-/3-snlphonic 
acid : 



The separation of the isomeric acids obtained by 
these methods is not easy, and for technical pur- 
poses is not attempted, as the naphthylamine- 
sulphonic acids, for the production of which 
they are made, can be isolated from the respec- 
tive reduction products with much less difficulty. 

On comparing these products of the nitration 
of naphthalenemonosulphonic acids with those 
of naphthalene-di- and -tri-sulphonic acids (see 
pp. 292, 293) it wiU be noticed that the former 
always, but the latter only rarely, furnish 
isomers ; also that the nitro-group can assume 
the l:4:-{para-) or the l:8-(j)en-) but not the 1:2- 
(ortho-) position relatively to the sulphonic- 
group. 

Certain nitronaphthalenesulphonic acids have 
shown photosensitivity, particularly the 1:8- 
and l:2-isomers ; some have found application 
in tanning agents. The nitration of naphtha- 
lene-mono-, -di-, and -tri-sulphonic acids in 
presence of sulphuric acid under a wide range of 
experimental conditions has been studied by 
E. Lantz (Bull. Soc. chim. 1939, [v], 6, 280). 

NitronapMhaUnemonosulphonic Acids. 

(i) a-Nitronaphthalene-2-sulphonic Acid, 
obtainable from a-naphthylamine-2-sulphonic 
acid by diazotisation and treatment with copper 
bronze or cuprous compounds, gives a chloride, 
m.p. 120-5° ; amide, m.p. 214-3° (Vorosohcov 
and Koslov, A. 1933, 386). 

(ii) a-NitronaphthaIene-3-sulphonic Acid 
(Cleve’s [y-]nitronaphthalenesulphonic acid), 
formed in small amount when sodium naphtha- 
lene-j3-sulphonate is nitrated {see the 6-sulphonic 
acid), is obtained from the sulphonyl chloride by 
boilkig -with water (Cleve, Ber. 1886, 19, 2179 ; 
cf. Armstrong and Wynne, Proc. C.S. 1895, 11, 
239). 

Identification . — ^The lead salt, PbAj-f-SHjO, 
barium salt, BaAg+SHgO, and pofaasium salt, 
KA, orystaUise in sparingly soluble needles. 
The chloride forms needles, m.p. 140°, convertible 
into l-.3-dichloronaphthalene. Eeduction con- 
verts the acid into a-naphthylamine-3-sulphonic 
acid (Cleve, he.). 

(iii) a - Nitronaphthalene - 4 - sulphonic 
Acid, formed in small quantity by the nitration 
of sodium naphthalene- a-sulphonate (see the 
8-aulphonic acid), is isolated from the product 
by means of its chloride (Cleve, Ber. 1890, 23, 
959). 

Identification. — The barium salt, BaAg-b HjO, 
forms needles soluble in 66 parts of cold and 33 
parts of boiling water ; the calcium salt, 
CaAa+SHjO, scales soluble in 37 parts of 
water at 17° and 16 parts at 100° ; the potassium 
salt, KA, needles; and the sodium salt. 


N a A-b H gO . needles. The chloride forms prisms, 
m.p. 99°. Eeduction converts the acid into a- 
naphthylamine-i-sulphonic acid (Cleve, l.c.). 

(iv) a - Nitronaphthalene - 5 - sulphonic 
Acid (Cleve’s [a-]acid) is obtained as chief pro- 
duct (about 80%) when a-nitronaphthalene is 
sulphonated -with anhydro-acid ; but as minor 
product (20-30% ; see the 8-sulphonic acid) 
when sodium naphthalene - a - sulphonate is 
nitrated. It is said to be the only product of 
the interaction of a-nitronaphthalene and 
chlorosulphonic acid (Armstrong and WiUiam- 
son, Proc. C.S. 1886, 2, 233). 

Preparation. — (1) Pinely divided dry a-nitro- 
naphthalene (20 parts) is added to a mixture of 
sulphuric acid (35 parts) and 24% anhydro-acid 
(25 parts) at such a rate that the temperature 
does not rise above 90°, and the mixture main- 
tained at this temperature during 8 hours or 
until sulphonation is complete. The product, 
poured on to an equal weight of ice, gives a 
crystaUine separation of the pure 6-sulphonic 
acid (Witt, Chem. Ind. 1887, 10, 218). Prom 
the mother-liquor, the isomeric 6- and 7-sul- 
phonio acids can be isolated by conversion into, 
and fractional crystallisation of, the nitronaph- 
thalenesulphonyl chlorides (Palmaer, Ber. 1881, 
21, 3260). 

(2) The formation of dark resinous sub- 
stances, unavoidable when a-nitronaphthalene is 
sulphonated by anhydro-acid, does not occur if 
fused salt is added to the acid in quantity suffi- 
cient to convert the dissolved anhydride into 
chlorosulphonic acid. PoUowing tlus modified 
process, a-nitronaphthalene (10 parts) is added 
to the mixed sulphuric and cldorosulphonic acids 
obtained from 20% anhydro-acid (26 parts), and 
the mixture heated on a water-bath until sul- 
phonation is complete (Erdmann, Annalen, 
1888, 247, 315). 

Identification. — The acid, HA-b4H20, ery- 
stallises in easily soluble pale yellow needles ; 
the lead salt, PbAg-bSHgO, in scales; and the 
barium salt, BaAg-bSHgO, in sparingly soluble 
needles (Cleve, Bull. Soc. cbim. 1876, [ii], 24, 
510). The calcium salt, CaA2-b2H20, forms 
sparingly soluble needles; the potassium salt, 
KA-b H 2 O, hexagonal tables soluble in 26 parts 
of water at 17° (Erdmann, Annalen, 1893, 275, 
247); the sodium salt, NaA-bi^H20, very 
soluble tables (Cleve, l.c.). The chloride, needles, 
m.p. 113°, is convertible into \-.5-dichloronaphtha- 
lene (Cleve, l.c.). 

Reactions. — ^Eeduction in acid solution con- 
verts it into a-naphthylamine-5-sulphonic acid; 
with sodium amalgam into a-naphthylamine 
(Claus, Ber. 1877, 10, 1303) ; and electro- 
lytically into l-aminoA-naphthol-S-sulphonic 
acid, doubtless by transformation of the 
hydroxylamine first formed (cf. Pierz and 
Weissenbach, Helv. Chim. Acta, 1920, 3, 305). 
Nitration furnishes l-.3-dinitronaphthalene-5-sul- 
phonic acid. 

(v) a-Nitronaphthalene-6-sulphonic Acid 
(Cleve’s [0-]acid). A mixture of this acid -with 
about an equal quantity of the 7-sulphonio 
acid forms almost the entire product of the 
nitration of sodiiun naphthalene-jS-sulphonate, 
the 3-sulphonic acid being present only in very 
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STPnll amount. A mixture of the 6- and 7- 
sulphonic acids constitutes the minor product 
of the sulphonation of a-nitronaphthalene (see 
the 5-sulphonic acid). 

Preparation. — (1) Sodium naphthalene-^-sm- 
phonate (23 parts) is stirred into sulphuric acid 
(115 parts) at a temperature not exceeding 30°, 
the rrhole cooled to 0°, and a mixture of nitric 
acid (7 parts HNO3) and sulphimc acid then 
added at 0-10°, the nitration being completed 
at this temperatme. After removal of the 
excess of sulphuric acid by lime, the filtrate is 
used either for the isolation of the G- and 7- 
sulphonic acids or for their reduction to the 
corresponding a-naphthylaminesidphonic acids 
(CasseUa, G.P. 67017; B.P. 6972, 1891; c/. 

G.P. 85068). 

(2) Sodium naphthalene-j9-sulphonatc is stir- 
red into cold nitric acid, p 1'3, the mixture 
warmed to complete the nitration, and the 
product converted into barium salt. By extrac- 
tion of this salt with boiling water, the greater 
part of the sparingly soluble 6-sulphonatc 
remains undissolved. To separate the remainder, 
the filtrate, which in addition contains the 7- 
and 3-isomers, is evaporated to dryness, the 
residue converted into chloride, and this ex- 
tracted by carbon disulphide, in which the 7- 
sulphonyl chloride is only sparingly soluble. 
The 6- and 3-sulphonyl chlorides are then 
separated by fractional crystallisation from the 
solution (Clove, BuU. Soc. chim. 1876, [ii], 26, 
444; 1878, [ii], 29, 414; Ber. 1886, 19, 2179; 
c/. Erdmann and Silvern, Annalon, 1893, 275, 
251). 

Identification . — ^Tho acid crystallises in readily 
soluble brown needles; the barium salt, 
BaAgd-HjO, in needles soluble in 782 parts of 
water at 22°; the calcium salt, CaAn+HjO in 
scales ; the potassium salt, KA, in tables 
soluble in 29 parts of water at 20° ; the sodium 
salt, NaA-f SHjO, in crusts consisting of scales. 
'The chloride forms prisms, m.p. 125-5°, con- 
vertible into l:G-dichlor07iaphthalcne (Clove, Z.c.). 

Reactions . — Reduction in acid solution con- 
verts it into a-naphtliylamine-G-sulphonic acid, 
and electrolytically into l-aminoA-naphihol-G- 
sulphonic acid {cf. Eierz and Weissenbach, l.c.). 
Nitration furnishes hS-dmitronajdithaleuc-G-sid- 
pJionic acid. 

(yi) a • Nitronaphthalene - 7 - sulphonic 
Acid (Cleve’s [0-] or [S-]nitronaphthaloncsul- 
phonic acid) constitutes about one-half of the 


product when either sodium naphthalcne- 
sulphonate (see the G-sulphonic acid ; < 

CasseUa, G.P. 85058), or naphthaleno-^-sr 
phonyl chloride (Erdmann and Suvem, Annalc 
1893, 275, 238) is nitrated, but is formed on 
in smaU amount when a-nitronaphthalonc 
sulphonated (see the 5-sulphonic acid). 

Identification . — The acid forms brown needle 
vey7 soluble in water, but, unlike the G-sulphon 
acid, is almost insoluble in concentrated hydr 
chloric acid, and less soluble than it is in 33' 
sulphuric acid. The tamjw salt, BaA„-f31H„C 
torms granular aggregates of needles, solubl 
wheii anhydrous, in 377 parts of water at 1' 
but in 9-1 parts of boiling water; the cahiu 
needles; the potassium sal 
needles readily soluble in watei 


the sodium salt, spherical aggregates of needles 
(Palmaer, Ber. 1888, 21, 3261). The chlortd^e 
forms prisms, m.p. 169°, convertible into 1:7- 
dichloronapJithalenc (Clevc, Bull. Soc. chim. 
1878, [ii], 29, 414; Armstrong and Wynne, 
■Proc. C.S. 1889, 5, 19). 

Reactions. — Reduction in acid solution con- 
verts it into a-naphthylamine-7-sulphonic acid, 
and electrolytically into l-amino-4-nnphthol-7- 
sulplionic acid {cf. Ficrz and Weissenbach, l.c.). 
Nitration furnishes l:5-dinitronaphthalonc-7- 
sulphonic acid. 

(vii) a - Nitronaphthalene - 8 - sulphonic 
Acid is obtained ns chief product (60-70%; 
see the G-sulphonic acid) when sodium naphtha- 
Icne-a-sulphonatc is nitrated. 

Preparation. — (1) Sodium nnphlhalcnc-a-snl- 
phonate (4 parts) is stirred into nitric acid, p 1-15 
(G parts), and the product converted into calcium 
salt. From the solution of the calcium salt, the 
greater part of the 6-sulphonalo is separated by 
concentration, the more soluble S-sulphonntc 
being contained in the mother-liquons (Clevc, 
Ber. 1890, 23, 958). For technical purposes the 
separation is unncccssarj', ns the corrc.sponding 
naphthylaminesulphonic acids difier to a much 
greater degree in solubility, and arc more easily 
isolated {cf. Schollkopf, G.P. 40571 ; B.P. 15775, 
1886). 

(2) The acid can be obtained by stirring 
naphthalonc-a-sulphonyl chloride into 3 times 
its weight of nitric acid, p 1-475, at —5°, extract- 
ing the a-iiitronnphlhnlcne.4- and -5-suIphon3’l 
chlorides from the product by carbon disulphide, 
in which the 8-isomer is nlmo.st insoluble, anti 
hj'drolysing the residue (Erdmann and Suvern, 
ilmnnlen, 1893, 275, 237 ; cf. Rei.sscrt, Ber. 
1922, 55 [B], 8C2). 

Identification . — ^Thc acid forms needles; the 
barium salt, BaA2-l-21H20, crusts; (he cal- 
cium salt, CaAo-l-AAHoO, scales ; Uxojwla.ssiiim 
salt, KA-1-H„b, nce'dlcs, or KA-i-21H20, 
scales, nU casif}’- soluble in water. The chloride 
forms prisms, m.p. 161° (Erdmann and Suvern, 
l.c.). Reduction converts the acid into o- 
napliihylaminc-S-sulphonic acid. 

(viii) p - Nitronaphthalene - 1 - sulphonic 
Acid is formed from /S-nnphthylamino-1 -sul- 
phonic acid by a Sandmoj'cr reaction (Voro- 
schcov, Koslov, and Trnvldn, J. Gen. Chom. 
Russ. 1939, 9, 522). 

(ix and x) p- Nitronaphthalene - 5- sul- 
phonic Acid, lui.xcd with the S-sulphoiiic acid, 
is obtained by sulphonating /5-nitronaphthnleno 
rrilh icc-coolcd anhydro-ncid, and separated 
from it by fractional crj^stallisation of the mixcrl 
chlorides from benzene. The G-sulphonj-l chlo- 
ride, prisms, m.p. 127°, is more soluble in benzene 
than the 8-sulphonj’l chloride, needles, m.p. 
169-170° (Kappelor, Ber. 1912, 45, 634). 

Nitronaphthalcncdisulphonic Acids. 

The nitronaphthalencdisulphonic acids are 
obtained for the most part from naphtlmlcne- 
disulphonic acids bj’^ nitration. With two of 
these acids, viz. the naphthaleno-l-.6- and 1:6- 
disulphonic acids, both a- and )S-nitro-dcrivatives 
are formed, the a-nitrodisulphonie acid beiii" 
the chief product : “ 
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but with each of the 1:4-, 2:6-, and 2:7-disul- 
phonic acids only one, and that the a-nitro-acid, 
has heen isolated : 



NOa 


According to Lantz (BuU. Soc. chim. 1939, [v], 
6, 280-289) the total number of substituents 
(SO3H and NO 2) in the naphthalene ring 
depends on the strength of sulphuric acid used 
in nitration. With 90% sulphuric acid 4 groups 
can enter, and with 100% sulphuric acid only 3. 

(i) a-Nitronaphthalene - 3:6 - disulphonic 
Acid (Alen’s [a-]acid ; Preund’s acid) is ob- 
tained by nitrating sodium naphthalene-2:7- 
disulphonate (33 parts) dissolved in sulphuric 
acid (60 parts), with 50% nitric acid (25 parts) 
in the cold. Or, if the product is to be used for 
reduction — as the presence of a-nitronaphtha- 
lene-3:7-disulphonic acid is then of no conse- 
quence — the melt, which also contains naphtha- 
lene-2:6-disulphonic acid, obtained by sul- 
phonating naphthalene (1 part) with sulphuric 
acid (5 parts) at 160° for 8 hours, is nitrated 
with 50% nitric acid (2 parts) in the cold 
(Freund, G.P. 27346; B.P. 1069, 1883; cf. 
Armstrong and Wynne, Proc. O.S. 1895, 11, 82). 
Its chloride is formed, together with the 1:8- 
dhutronaphthalene-3:6-disulphonyl chloride by 
nitrating naphthalene-2:7-disulphonyl chloride 
with nitrosulphuric acid at the ordmary tem- 
perature (A14n, Bidl. Soc. chim. 1883, [ii], 39, 
63). 

Identification . — ^The acid and salts crystallise 
in small needles ; the bonum salt, BaA-}-5HgO, 


is sparingly, the potassium salt, KgA-f SHjO, 
and sodium salt, NagA-f-SHgO, are readily 
soluble in water. The chloride forms needles, 
m.p. 140-141°, convertible into l:2:6-trichloro- 
naphthalene (Alto, Forhandl. 1884, 2, 95 ; Cleve, 
Ber. 1892, 25, 2487 ; Armstrong and Wynnej 

I.C.). 

Reactions . — ^Reduction in acid solution con- 
verts it into a-naphthi/lamine-d:Q-disulphonic 
acid, and electrolyticaUy into l-aminoA- 
naphthol-3:&-disulphonic acid. With sodium 
amalgam it gives a-naphthylamine (Alen, 
Forhandl. 1883, 8, 3). 

(ii) a-Nitronaphthalene-3:7 - disulphonic 
Acid (Alto’s [j3-iacid) is obtained by nitration 
of naphthalene-2:6-disulphonic acid, as described 
for the 3:6-disulphonic acid (Freund, l.c.). Its 
chloride is formed, as sole product, when 
naphthalene-2:6-disulphonyl chloride is nitrated 
with nitrosulphuric acid (Alen, BuU. Soc. chim, 
1883, [ii], 39, 64). 

Identification. — Iheharium salt, BaA-l-2H20, 
tablets; calcium salt, CaA-i-2H20, needles; 
potassium salt, KgA, needles ; and sodium salt, 
Na2A-l-2H20, needles, are less soluble than 
the salts of the 3:6-acid. The chloride (with 1 
mol. CgHg from benzene) forms prisms, m.p. 
190-192°, convertible into -trichloronaphtha- 
lene (Alto, Forhandl. 1884, 2, 95; Armstrong 
and Wjmne, Proc. C.S. 1890, 6, 13). 

Reactions . — ^Reduction in acid solution con- 
verts it into a-naphthylamine-Z:l -disulphonic 
acid, and electrolyticaUy into i-amino-a-naph- 
thol-2:6-disulphonic acid. With sodium amal- 
gam it gives a-naphthylamine (Alto, Forhandl. 
1883, 8, 21). 

(iii) a- Nitronaphthalene- 3:8-disulphonic 
Acid is formed as chief product, together with 
some ^-nitronaphthalene-4:7-disulphonic acid 
by nitrating naphthalene-l:6-disulphonic acid 
or its salts (Schultz, Ber. 1890, 23, 77 ; c/. 
Armstrong and Wynne, Proc. C.S. 1891, 7, 27). 

Preparation. — Sodium naphthalene - p - sul- 
phonate (50 parts), sulphonated with 2J-3 
times its weight of 20% anhydro-acid at 100°, 
is cooled to 10-15°, and nitrated below 25° with 
nitricacid, p 1-4 (22-5 parts), during about 2 hours 
(Ewer and Pick, G.P. 62724). Or, the product 
obtained by siilphonating either naphthalene 
(10 parts) with monohydrate (40 parts) (first 
at 80-95° and then for 10 hours at 110°) or 
naphthalene-jS-sulphonic acid melt (20 parts) 
with monohydrate (20 parts) at 110°, is nitrated 
below 25-30° with 8-4 parts of nitric acid, p 1-38 
(Badische, G.P.a. 9514; Bemthsen, Ber, 1889, 
22, 3328). According to Friedlander, the pro- 
duct obtained by any of these methods contains 
at least four nitro-acids, of which the a-nitro- 
naphthalenB-3:8-disulphonic acid constitutes 
only about 40% (Heumann, Anilinfarben, 1898, 
ii, 518). Owing to their sparing solubiUty in 
alkalis or brine, the alkaU salts of the nitro-acids 
are easily separated from the nitration product 
after dilution with water, but the separation is 
unnecessary if the nitro-acid is to be used for 
reduction to a-naphthylamine-3:8-disulphonic 
acid. 

It is also obtained, together with a-nitro- 
naphthalene-4:8-disulphonic acid and small 
quantities of the corresponding jS-nitrodisul- 
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phonic acids when the product formed by sul- 
phonating naphthalene (10 parts) with 23% 
anhydro-acid (50 parts) in the cold is cooled 
with ice and nitrated with nitric acid, p l-4o 
(7 parts). This product is useful only for reduc- 
tion to the amino-acids from which a-naphthyl- 
amine-3:8-disulphonic acid can easily beseparated 
(Aktienges., G.P. 45776 ; B.P. 4625, 1888). 

Salt’S.— The salts crystallise in easily soluble 
needles; the po<aasi«m salt, Ko A, is almost in- 
soluble in dilute caustic potash solution (Fried- 
lander, Ber. 1895, 28, 1535). 

Reactions . — ^Reduction in acid solution con- 
verts it into a-naphthyIamive-3:S-d{sulpfionic 
acid, but in neutral solution with sodium bisul- 
phite it yields a~naplithylamine-^:G:S-iristdpho)iic 
acid. Digestion with concentrated caustic soda 
solution furnishes the basic sodium salt of 4- 
nitroso-a-7iaphthol-2:5-disulphonic acid. 

(iv) a- Nitronaphthalene - 4:8-disulphonic 
Acid is obtained, together with the 3:8-disul- 
phonic acid, when, as already described, a melt 
containing the naphthalene-1 :5- and l;6-disul- 
phonic acids is nitrated (Aktienges., l.c.). It is 
also formed by nitrating naphthalene-l:5-disul- 
phonic acid and separated from the accompanj'- 
ing j8-nitronaphthalene-4:8-di8ulphonic acid (q.v.) 
by means of brine, in which the sodium salt of 
the latter is the less soluble (Cassclla, G.P. 
65997). Reduction converts it into a-naphthyl- 
amine-4:8-disulphonic acid. 

(v) a-Nitronaphthalene-5:8- disulphonic 
Acid is formed when barium naphthnlonc-l:4- 
disulphonate (5 parts) mixed with sulphuric acid 
(30 parts) is nitrated at 10-15° with 25% nitric 
acid (3 parts). The product is free from isomers 
(Bayer, G.P. 70857 ; Gattcrmann, Bor. 1899, 
32, 1166). Reduction in acid solution converts 
it into a-naplilhylaininc-5:8-disulphonic acid. 

(vi) p- Nitronaphthalene-4:7-disulphonic 
Acid is formed together with a-nitronaphtha- 
lene-3:8-disulphonic acid, by nitration of naph- 
thalene-l:6-disulphonic acid (Schultz, ibid. 1890, 
23, 77 ; Armstrong and Wynne, Proc. C.S. 1891, 
7, 27). Reduction converts it into p-naphthyl- 
amincAil -disulphonic acid. 

(yii) )3-Nitronaphthaiene-4:8-disulphonic 
Acid is obtained when naphthalene- 1:5 -disul- 
phonic acid (28 parts) suspended in well-cooled 
sulphuric acid (90 parts) is nitrated vuth a mix- 
ture of nitric acid, p 1-42 (10 parts), and sul- 
phuric acid (10 parte). The product is poured 
on to ice, and soda (40 parts) added to separate 
the ^-salt from the more soluble a-salt (Cassella, 
G.P. 65997). It may be isolated as ferrous salt 
(Gen. Aniline Works Inc., U.S.P. 1968964) or as 
nickel, cobalt, manganese, or zinc salts (Tinker, 
U.S.P. 1836204). According to Montecatini 
(B.P. 514129) increased yield is obtained by 
nitrating naphthalene-l:5-diBulphonic in con- 
centrated sulphuric acid (oleum) medium. 

Reduction converts it into P-naphthylatnine- 
i-.S-disidphonic acid. 

Nitronaphthalenetrisulphonic Acids. 

Three nitronaphthalenetrisulphonic acids are 
obtamed from the correspondmg naphthalene- 
trisulphonic acids by nitration 



and two of them, the 3:6:8- and the 4:6:8- 
isomers, are important in connection with the 
manufacture of the H- and K- (aminonaphthol- 
disulphonic) acids. 

(i) a-Nitronaphthalene-3:5:7-trisulphonic 
Acid, formed when sodium naphthnlcne-l:3:7- 
trisulphonatc, dissolved in sulphuric acid, is 
nitrated at 15-20°, can bo separated by the 
addition of salt to the product after dilution 
with water (CnsscUa, G.l?. 75432). Reduction 
converts it into a-naphthylaminc-2-.fy.l-irisul- 
phonic acid. 

(ii) a - Nitronaphthalene - 3:6:8 - trisul - 
phonic Acid is obtained by' the nitration of 
nnphthalcnc-l:3:6-trisulphonic acid. For techni- 
cal purposes, the mixture obtained by’ sul- 
phonating nnphthnlcne-l:6- or -2:7-disulphonic 
acid is cooled to 25-30°, and nitrated at this 
temporaturo ivith the calculated quantity’ .of 
nitric acid (Koch, G.P. 56058 ; B.P. 9258, 1890). 

Salts . — Tho lead, Pb^Aj-f 8H5O ; barium, 
Ba-iAn-f SHjO ; sodium, NajA-fSH^O; and 
aniline, B3/\-f24H20, salts crystallise in 
needles (Ficrz and Schmidt, Hclv. Chim. Acta, 
1921, 4, 381). 

Rcaclio7is , — Reduction in acid solution con- 
verts it into a-naphth7jla>ni7ic-3:0:8-trisulphonic 
acid. Digestion ivith ammonia at 150-170° 
furnishes p-naphthylaminc-3iG:8-trisulphon{c acid 
(KaUc, G.P. 176621). 

(hi) a - Nitronaphthalene - 4:6:8 - trisul - 
phonic Acid is produced by the nitration ot 
sodium nnphthalcno-l:3:5-trisulphonato, tho tri- 
sulphonic acid melt formed by sulphonating 
nnphthnlenc-l:5-disulphonio acid (1 mol.) with 
anliydro-acid being diluted to n density’ of 
66° B6. at 15°, cooled to 6°, and tho calculated 
quantity of nitric acid (1 mol.), mixed with sul- 
phuric acid, added at this temporaturo (Bayer, 
G.P.a. 7004; B.P. 17141o, 1893; c/. Kallo, 
G.P.a. 11104; G.P. 82.563; B.P. 1641, 1894). 
Reduction converts it into a-naphthylamitic- 
d’.8'.8-trisulphonic acid. 

DiKITBONAPirrirALENES. 

Tvvo dinitronaphthalenes, tho 1:5- and 1:8- 
compoimds, are obtained when naphthalene or 
a-nitronaphthalenc is nitrated with concentrated 
nitric acid or with a mixture of nitric and sul- 
phuric acids (or by nitrogen tetroxido, Schorigin, 
J. Gon. Chem. Russ. 1938, 8, 981). Tho pro- 
portion in which they are formed varies to somo 
extent, but may bo taken as 1:2 (Friedliinder 
and Schorzor, Chem. Zontr. 1900, I, 410), 
although according to Gassmann, who used more 
concentrated acid mixtures, tho best yield of 
l:8-dinitronaphthalene (about 70%) is obtained 
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only when the temperature beyond the stage of 
mononitration is the lowest possible (Per. 1896, 
29, 1244, 1521). The range of dinitronaphtha- 
lenes has been extended by dehydrogenating the 
corresponding tetralin derivatives. 

(i) l;2-Dinitronaphthalene, m.p. 152°, is 
prepared from ar-l:2-dinitrotetralin by dibromi- 
nation followed by dehydrobromination by heat 
(Vesely and Dvorak, Bull. Soc. chim. 1923, [iv], 
33, 321). 

(ii) l:3-Dinitronaphthalene ([y-]diiutro- 
naphthalene) is prepared from diazotised 2:4- 
dinitro-l-naphthylamine, but special care^ is 
necessary to avoid formation of the diazo-oxide. 
(Hodgson and Walker, J.C.S. 1933, 1620). The 
diazotisation is best carried out in a mixture of 
concentrated sulphuric acid and glacial acetic 
acid below 10° ; the diazo compound is reduced 
by addition of cuprous oxide, and the dinitro- 
naphthalene isolated by diluting the mixture, 
filtering the precipitate and purifying it by 
extraction with and crystallisation from pyri- 
dine. It forms pale yellow crystals, m.p. 146- 
147° (Hodgson and Birtwell, ihid. 1943, 433). 
It' has also been obtained by oxidising or-l:3- 
dinitrotetralin (Vesely and Dvorak, Bull. Soc. 
chim. 1923, [iv], 33, 323, 328). According to 
Eierz-David and Sponagel, no trace of 1:3- 
dinitronaphthalene is formed in the nitration of 
naphthalene {l.c.). 

(iii) l;4-Dinitronaphthalene, m.p. 131- 
132°, is prepared from l-nitro-4-amino-5:6:7:8:- 
tetrahydronaphthalene by diazotisation and 
treatment with sodium nitrite followed by de- 
hydrogenation (Chudozilov, Chem. Listy, 1926, 
20, 509). 

(iv) l:6-Dinitronaphthalene ([a-]dinitro- 
naphthalene) is obtained as minor product, 
together with the l:8-compmmd, when a-nitro- 
naphthalene (10 parts) dissolved in sulphuric 
acid (60 parts) is nitrated at 0° by a mixture of 
nitric acid, p 1-4 (5-2 parts), with sulphuric acid 
(26 parts). The solution, at first red, becomes 
white owing to the separation of the mixed 
dinitronaphthalenes as a thick magma, which 
when dry melts at about 140°. The mixture of 
dinitronaphthalenes finds some application in 
blasting explosives. To isolate its constituents, 
this solid product is not removed from the spent 
acid, but at the close of the nitration is heated 
with it at 80-90° until completely dissolved and 
the solution then cooled to 20°, whereby an al- 
most complete separation of the l:5-isomer is 
achieved. Erom the filtrate, the remainder of 
the nitration product is precipitated by the 
addition of water, and the l:8-derivative ex- 
tracted from the dried precipitate by pyridine 
in which l:5-dinitronaphthalene is only sparingly 
soluble (Friedlander, Ber. 1899, 32, 3531 ; KaUe, 
G.P. 117368. Einzi, AnnaU Chim. Appl. 1925, 
15, 55). l:5-Diaitronaphthalene can be separated 
from the nitration mixture by the aid of con- 
centrated sulphuric acid or of aniline (Voroshcov 
and Kulev, Ber. 1929, 62 [B], 934) or by boiling 
sodium sulphite solution which dissolves only 
the l:8-isomer (Hodgson and Walker, J.C.S. 
1933, 1346) ; and the l:8-isomeride by con- 
version of the l:5-compound into either naphtha- 
zarin (Gallotti and Galimberti, A. 1932, 1123) or 
6-nitro-a-naphthylamine (Hodgson and Walker, 


l. c.). The removal of the l:8-derivative can also 
be effected by extraction of the dry nitration 
product with acetone (Beilstein and Kurbatow, 
Annalen, 1880, 202, 219), chloroform (Darm- 
stadter and Wichelhaus, ibid. 1869, 152, 301), 
benzene (Aguiar, • Ber. 1870, 3, 29 ; Beilstein 
and Kuhlberg, Annalen, 1873, 169, 85), or acetic 
acid (Aguiar, Ber. 1872, 5, 372). 

Alternatively, the mixture of Binitronaphtha- 
lenes (200 parts), obtained technically in the 
form of a 60% paste, is heated at 80-90° during 
5-6 hours with 40% sodium bisulphite solution 
(740 parts) and 25% ammonia (140 parts) and 
the insoluble l:5-dinitronaphthalene then re- 
moved by filtration. In this case the filtrate 
contains not l:8-dinitronaphthalene, but a- 
naphthylsulphamino-4:7-di- and -2:4:7-tri-8ul- 
phonic acids arising from the interaction of this 
dinitro-compound with the bisrdphite (Hochst, 
G.P. 221383). 

Properties . — 1 :5-Dinitronaphthalene crystal- 
lises from acetic acid in six-sided yellow 
needles, m.p. 216° (Aguiar, Ber. 1872, 5, 372). 
It is only sparingly soluble in the ordinary 
solvents, and practically insoluble in carbon 
disulphide or cold nitric acid. With phosphorus 
pentachloride it yields hS-dicMoronaphthalene 
(Atterberg, ibid. 1876, 9, 1188, 1730). It is used 
technically in the production of naphthazarin 
(q.v., p. 384a). It forms mixed crystals, m.p. 
145°, with i:8-dinitronaphthalene containing 
78% of the latter (Eierz-David and Sponagel, 

Z.C.). 

Reactions . — ^Reduction with alcohoho am- 
monium sulphide converts it into 5-nitro-a- 
naphthylamine and l:5-diaminonaphthalene, but 
in acid solution only the latter is obtained. 
Digestion with ammonium sulphite or sodium 
bisulphite solution furnishes l:5-diaminonaph- 
thalenedisulphonic acid. 

When heated with 12-23% anhydro-acid at 
40-50° it yields 8-nitroso-a-naphthol, but if a 
reducing agent, such as sulphur or zinc, be 
present, a naphthazarin intermediate product is 
formed from which naphthazarin {5:8-dihydroxy- 
[a-^naphthaquinone) can be isolated. 

(v) l:6-Dinitronaphthalene ([8-]dinitro- 
naphthalene) is obtained by boiling diazotised 
l:6-dinitro-;8-naphthylamine with alcohol. It 
crystallises from alcohol in bright yellow needles, 

m. p. 161*5° (Graebe and Drews, Ber. 1884, 17, 
1170; c/. Kehrmann and Matis, Ber. 1898, 31, 
2419). It has also been obtained, m.p. 160-162°, 
from l:6-nitroaminoiiaphthalene by diazotisa- 
tion and treatment with sodium nitrite (Vesel^ 
and Dv6rS.k, Z.c.). 

(vi) l:7-Dinitronaphthalene, m.p. 156°, 
from l:7-nitroaminonaphthalene by diazotisa- 
tion and treatment with sodium nitrite (Vesel^ 
and Dv6r&k, Z.c.). 

(vii) l:8-Dmitronaphthalene ([^-]dinitro- 
naphthalene) is the major product of the dinitra- 
tion of naphthalene. Eor its separation, see 
1:5 dinitronaphthalene. 

Properties. — l:8-Dinitronaphthalene crystal- 
lises in large, yellow rhombic plates, m.p. 172° 
(Eriedlander, Z.c.). In ordinary solvents, and in 
concentrated sidphuric acid, it is more soluble 
than the 1:5 compound. According to Beilstein 
and Kuhlherg (iumalen, 1873, 169, 86), 1 part 
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dissolves in 91-4: parts of chloroform, in 530 parts 
of 88% alcohol, or in 139 parts of benzene at 
19° j and according to ITriedlander, 1 part dis- 
solves in 10 parts of cold or in 1-6 parts of hot 
pjoridine. With phosphorus pentachloride it 
yields hS-dicMoronapJitJialene in small quantity, 
the chief product being l-A:8-trichloronaphthahne 
(Atterberg, l.c.). 

jSeactions.-^Sedaciion in acid solution con- 
verts it into l:S-diammonapJithalene. Blue, 
violet, or black dyestuffs are obtained rvhen 1:8- 
dinitronaphthalene is heated ■with alkali, 
sodium bisulphite solution, and reducing agents 
such as glucose (Badische, G.P. 79208 ; B.P. 
10996, 1893 ; G.P. 88236 ; B.P. 7766, 1896), milk 
sugar, sodium stannite, or sodium sulphide 
(Badische, G.P. 92471 ; B.P. 20250, 1890) ; or, 
omitting alkali, “with sodium sulphide (Badische, 
G.P. 84989; B.P. 10990, 1893; G.P. 88847; 
B.P. 22603, 1894), or sodium disulphide (Hochst, 
G.P. 117188; 117189). Digestion -with sodium 
or ammonium sulphite solution at 70-90°, the 
alkali set free being removed as formed, 3'ield3 
a-mlpliawinonaphtliijlA:l-di- and -tri-sul- 

phonic acids (whence by hydrolj'sis the corre- 
sponding a-naphthjdaminesidphonic acids arc 
obtained), but boihng -with sodium bisulphite 
solution furnishes l:8-diamino7iaph(halcnetrisul- 
phonic acid. 

When heated ■with 12-23% anhj'dro-acid at 
40-50°, it yields S-nitro-i-nilroso-a-naphthol, but 
if it be heated ■with sulphuric acid and reducing 
agents, such as aniline or tin or iron, or its 
solution in sulphuric acid bo electrolj'scd, a 
naphthazarin intermediate product is formed 
isomeric ■with that obtained from I:6-dinitro- 
naphthalene (Badische, G.P. 76922 ; 79406). 

(viii) 2;3-Dinitronaphthalene, m.p. 170-5- 
171°, is prepared from 6-nitro-7-amino-l:2:3:4- 
tetrahydronaphthalene by the diazo-rcaction to 
6:7-dinitrotetrahydronaphthalcnc which is then 
dehydrogenated (Chudozilov, Chem. Listj% 1926, 
20, 509). Hodgson and Turner prepared it from 
2:3-dinitro-l-naphthylaminc and found m.p. 
159° (J.C.S. 1943, 636). 

(ix) 2:0-Dinitronaphthalene, m.p. 279°, has 
been prepared from 6-nitro-)3-nnphthylamine 
through the diazonium compound (Vesely and i 
Jakes, Bull. Soc. chim. 1923, [iv], 33, 942) but the 
product had lower melting-point than that later 
made from 2:6-diaminonaphthaleno by inter- 
action of the tetrazo-compound ^vith nitrite in 
presence of cupro-cupric sulphite (Chatt and 
Wynne, J.C.S. 1943, 33). 

(x) 2:7-Dinitronaphthalene,. m.p. 234°, is 
obtained^ when the dinitration product of naph- 
thalic acid is decarboxylated with copper bronze 
and boihng quinoline (Rule and Bro^wn, ibid. 
1934, 171). 

Dinitronaphthalenemonosulphonic Acids. 

(i) l:5-Dinitronaphthalene-3-(or 7-)sul- 
phonic Acid is obtained ■when a-nitronaphtha- 
lene-7-sulphonic acid, dissolved in sulphuric 
acid, is nitrated at 0-16°, and common salt 
added to the product after dilution with water 
(CasseUa, G.P. 85058). It is also stated to bo 
termed when l:5-dinitronaphthalene, dissolved 
in 6 times its weight of monohydrate, is heated 
at 100-110° with rather more than twice its 


weight of 20% oleum (Hochst, G.P. 117268), but 
according to Eckstein tliis dinitronaphtlialone is 
not sulphonated b 5 '^ 15-20% oleum at 140°, and 
at higher temperatures or wdth more concen- 
trated acid is destroyed (Ber. 1902, 35, 3403). 

Identification . — ^Tho sodium salt forms needles, 
soluble in 12 parts of boiling water ; the chloride, 
prisms, m.p. 118° (Hochst, l.c.). 

Jhactions. — Reduction converts it into 1:5- 
diamhionaphthalenc-2-sitlphonic acid, but diges- 
tion ■trith sodium sulphite or bisulphite solution 
gives a nitro-a-naphthylaminesulphonic acid. 
With oleum in presence of a reducing agent, a 
soluble blue intermediate product is obtained 
which jdclds a naphthazarinsulphonic acid when 
boiled with water. 

(ii) l;8-DinitronaphthaIene-3-(or 6-)sul- 
phonic Acid is formed, together with the 1:5- 
dinitro-acid, when sodium naphthnlene-)3-sul- 
phonatc, dissolved in sulphuric acid, is dinitmted 
below 10°, and is precipitated by stirring the 
product into twice its volume of brine, the 1:5- 
isomor remaining in solution (Cnssella, G.P. 
6701 7 ; B.P. 6972, 1891 ; G.P. S505S). It is also 
produced when l:8-dinitronaphthnlcne, dissolved 
in monohj'dratc, is sulphonated at 100-110° 
with twice its weight of 20% oletim (Hochst, 
G.P. 117268; Eckstein, Ber. 1902, 35, 3403). 

Identification . — ^Thc barinm salt, 

BaAj-fSHjO, 

soluble in 8-5 parts of boiling or 20 parts of cold 
water (Eckstein, l.c.); calcium salt, 

CaA,+2H20 ; 

potassium salt, and sodium salt, NaA-pHnO, 
soluble in 0-5 parts of boiling water, crystallise 
in needles. The chloride forms monoclinic 
prisms, m.p. 143-144° (Hochst, l.c.; cj. Hell- 
strom, Forhnndl. 1888, 10, 613). 

(iii) l:8-Dinitronaphthal(;ne-4-(or 5-)sul- 
phonic Acid is formed when the monosulphona- 
tion product of a-nitronaphthalcno, consisting 
chiefly of the 6-sulphonic acid, is nitrated at 
16-20°, and the l:8-dinitro-acid separated by 
stirring the mixture into brine (Cnssella, G.P. 
70019 ; B.P. 4013, 1893). 

(iv) 2:4-Dinitronaphthalene-8-sulphonic 
Acid is obtained when naphthnsultam or 2:4- 
dinitronaphthasultam is heated ■with fuming 
nitric acid (Danncrth, J. Amor, Chem. Soc. 1907, 
29, 1327). 

Dinilronaphthalencdisulphonic Acids. 

(i) 1:5 - Dinitronaphthalenc - 3:7 - disul - 
phonic Acid is obtained when sodium nnph- 
thalcno-2:6-di3ulphonato (or a-nitronaphthalcno- 
3:7-disulphonatc), dissolved in sulphuric acid, 
is dinitrated (or nitrated) at 20-30°, and the 
product salted out (Cnssella, G.P. 61174; 
B.P. 16346, 1890; cJ. Oohlor, G.P.a. 1430; 
Baj'cr, G.P. 120198). 

SeacHons. — Reduction in acid solution oon- 
verts_ it into l:5-diaminonaphthalc7ic-8:7-disul- 
plionic acid. When dissolved in monohydrato 
and heated at 60° with a solution of sulphur in 
20% anhydro-acid, it gives a blue mordant d 3 m 
of the naphthazarin “ intermediate product ” 
type (Bayer, l.c.). 
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(ii) 1:6- Dinitronaphthalene - 3:8 - disul - 
phonic Acid, obtained by nitration of a-nitro- 
naphthalene-3:8-disulphonic acid or of napbtha- 
lene-l:6-disulphonic acid has not been character- 
ised. Reduction in acid solution converts it 
into hS-diaminoTiaphthakne-S-.S-disulphonic acid 
(Friedlander and Kielbasinski, Ber. 1896, 29, 
1982). 

(iii) 1:6 - Dinitronaphthalene - 4:8 - disul - 
phonic Acid is obtained when sodium naphtha- 
iene-l:5-disulphonate (or its mononitration pro- 
duct), dissolved in monohydrate, is dinitrated 
(or nitrated) below 30°. The product is free 
from isomers (KaUe, G.P. 72665), and on reduc- 
tion in acid solution yields l:Q-diaminonapJitha- 
lene-4::8-disvIp7ionic acid (Friedlander and Kiel- 
basinski, I.C.). 

(iv) 1:8 - Dinitronaphthalene - 3:6 - disul - 
phonic Acid is obtained free from isomers when 
sodium naphthalene-2:7-disulphonate, dissolved 
in srdphuric acid, is dinitrated at 20-30° (Cas- 
seUa, G.P. 67062; B.P. 1742, 1891; Bayer, 
G.P. 69190 ; B.P. 11522, 1892). Its chloride is 
formed, together with the mononitro-derivative, 
by nitrating naphthalene-2:7-disulphonyl chlo- 
ride (Alen, Forhandl. 1883, 8, 13). 

Identification . — ^The bariumealt, BaA-l-SHjO, 
prisms, and the potassium salt needles, KgA, 
from hot, or KjA-f 411^0 from cold solution, are 
easily soluble. The chloride has m.p. 219°; 
with 1 mol. CgHg it forms needles (Alen, l.c.). 

Reactions. — Reduction in acid solution con- 
verts it into l:8-diaminonaphthalene-^:Q-disnl- 
phonic acid, but digestion with sodium sulphite 
or bisulphite solution gives l-amino-8-naphthol- 
3:Q-disulphonic acid. With dilute caustic soda 
solution in the cold, it forms sodium B-nitro-i- 
nitroso-a-naphthol-2:7-disulphonate, but 4:5-di- 
nitrosodihydroxynaphthalene-2:7-disulphonate if 
the solution be concentrated. 

Trtniteonaphthalenes . 

Three trinitronaphthalenes, the 1:2:6-, 1:3:6-, 
and l:4:5-derivatives, are obtained by the 
nitration of l:5-dinitronaphthalene, and a fourth, 
the l:3:8-derivative, by the nitration of l:8-di- 
nitronaphthalene. The constitution of these 
compounds has been determined by oxidation 
to the respective nitrophthahc acids. 

Melting-point curves of the various binary and 
ternary mixtures of a-nitronaphthalene, 1:5- and 
l:8-dinitronaphthalenes, and 1:2:6-, 1:3:5-, 

1:3:8-, and l:4:6-trinitronaphthalenes have been 
determined by Pascal and the results applied to 
the analysis of the products of the nitration of 
naphthalene (BuU. Soc. chim. 1920, [iv], 27, 
388). 

(i) 1:2:5- or [S-]Trinitronaphthalene (Will, 
Ber. 1895, 28, 377) crystallises from alcohol in 
needles, m.p. 112-113°. Dimroth and Buck 
suggest that this is a mixture of 1:3:5- and 1:4:5- 
isomers (Annalen, 1926, 446, 123). 

(ii) 1:3:6- or [a-]Trinitronaphthalene cry- 
stallises from alcohol in scales, m.p. 122° 
(Aguiar, Ber. 1872, 5, 373, 897), 119'5° (Dimroth 
and Ruck, l.c.). It forms a molecular com- 
poimd, m.p. 146-148° with jS-naphthol. 

(m) 1:4:5- or [y-]Trinitronaphthalene 
(Beilstein and Kuhlberg, Annalen, 1873, 169, 
97; cf. Win, l.c.) crystallises from chloroform 


in bright yellow scales, m.p. 154° (Aguiar, l.c. 
903), 148-149° (Dimroth and Ruck, l.c.). It 
is stated to be explosive (Haid et al., Chem. 
Zentr. 1931, I, 2426). 

(iv) 1:3:8- or [)S-]Trinitronaphthalene 
(Beilstein and Kuhlberg, l.c. ; Friedlander, Ber. 
1899, 32, 3531). From the mixed dinitronaph- 
thalenes obtained by the nitration of a-nitro- 
naphthalene (10 parts), the greater part of the 
l:5-derivative can be separated by KaUe’s 
method as already described {see l:5-dinitro- 
naphthalene). The mother-liquor contains 
mainly the i:8-derivative, and, by the addition 
of a mixture of nitric acid of p 1-4 (3-3 parts) 
with sulphuric acid (10 parts) gives a crystal- 
line separation of l:3:8-trinitronaphthalene in 
needles, m.p. 218° (Kalle, G.P. 117638). It dis- 
solves in cold sodium bisulphite solution without 
undergoing change, but is converted into nitro- 
aminonaphtholsulphonio acids when the solution 
is warmed (Friedlander and Scherzer, Chem. 
Zentr. 1900, 1, 410). 

TeTEANITBONAPHTHAIiENES. 

Five tetranitronaphthalenes are described, 
obtained by further nitration of 1:5, 1:8-, or 
2:6-dinitronaphthalenes or from trinitronaph- 
thalenes. 

(i) [a-]Tetranitronaphthalene, which melts 
at 259° (Beilstein and Kuhlherg, Annalen, 1873, 
169, 99 ; Aguiar, Ber. 1872, 5, 374). 

(ii) l:3:5:7-Tetranitronaphthalene, m.p. 
260°, has been prepared by nitration of 2:6-di- 
nitronaphthalene (Chatt and Wynne, J.O.S. 
1943, 33). 

(iii) l:3:6:8-([y-]Tetranitronaphthalene,pre- 
pared by nitration of l:4:6-triaitronaphthalene 
(Dimroth and Buck, l.c.), m.p. 194-196° (Wdl, 
Ber. 1895, 28, 377). 

(iv) 1:4:5:8 - [S - jTetranitronaphthalene. 
This compound is now known to be the one 
formerly called by Will (l.c.) the l:2:6:8-isomer. 
It is prepared by nitration of l:4:5-trinitronaph- 
thalene (along with the l:3:6:8-isomer) and has 
m.p. 340-345°. See also Dimroth and Boos, 
Annalen, 1927, 456, 178. 

(v) l:3:6:8-[;8-]T etranitronaphthalene melts 
at 230° (Aguiar, l.c. ; WiU, l.c.). 

Chlobonitbonaphthalenes . 

The nitro-derivatives of the chloronaphtha- 
lenes can be prepared in the following ways to 
which reference will be given tmder individual 
compounds. 

1. Chlorination of nitronaphthalene. 

2. Nitration of chloronaphthalenes. 

3. Replacement of amino-group of nitro- 

naphthylamines by chlorine by Sand- 
meyer reaction. 

4. Replacement of sulphonic group by chlorine 

by aqueous chlorination of nitronaph- 
thalenesulphonic acids. 

5. Heating of nitronaphthalene di- and tetra- 

chlorides to give mono- and di-chloro- 
nitronaphthalenes. 

Nitration of a-chloronaphthalene with a mix- 
ture of nitric and sulphuric acids gives a mixture 
of 1:4-, 1:6-, and l:8-chloronitronaphthalenes. 
With increase of temperature the proportion of 
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l:5-i=omer decreases firom 18-o% to nil "vritli a 
corresponding increase in the proportion of 1:4- 
isomer from 47% to 63-5%,_ the l:S-isomer 
remaining constant at 3fr5%. Employing 
modified nitration conditions the formation of 
l:8-isomer can be increased to 65-2% (Ferrero 
and Cafiischj Helv. Chim. Acta, 1928, 11, i9o). 
A study of mixtures of isomeric chloronitro- 
naphth^enes shou-ed the foUorring eutectics 
(Asaoha, B. 1929, 972) : 

l;4-(57%) l:5-(43%) m.p. 74-75* 
l:4-(57%) l:8-(43%) m.p. 52-53’ 
l:5-(45%) l:8-(55%) m.p. 65-67* 

Dinitration of a-chloronaphthalene gives a 
mixture of 4-chloro-l:5-dinitionaphtlialene and 

4- chIoro-l:8-dinitronaphthaIene, vrhilst trinitra- 
tion gives a mixture of 4-chloro-l:3:S-trinitro- 
naphthalene and 4-chloro-l:3:5-trinitronaph- 
thalene. 

Chlorination of a-nitronaphthalene with ferric 
chloride catalyst gives a mixture of the 5- and 8- 
chloro-derivatives and by dichlorination mainly 
5:8-dichloro-a-nitronaphthalene. 

Monochloroniironajihihalene^. 

(i) 2-ChIoro-a-nitronaphthaiene, m.p. 
95-5°, is produced by electrolysis of a solution 
of diazotised l-nitro-)S-naphthylamine in pre- 
sence of cuprous chloride (\'esely. Her. 1905, 38, 
137). 

(ii) 3-Chloro-a-nitronaphthalene, m.p. 
105°, has been prepared by chlorination of 4- 
nitroacet-a-naphthylamide, hydrolysis of the 
acetyl group to give 2-chloro-4-nitro-tt-naphthyl- 
amine and removal of the amino-group by 
diazotisation and reaction with alcohol (Hodgson 
and Elliott, J.C.S. 1934, 1705). 

(iii) 4-ChIoro-a-nitronaphthaIene, m.p. 
85°, is produced as chief product along with the 

5- and 8-isomers when a-chloronaphthalene is 
nitrated in the cold (Atterberg, ^r. 1876, 9, 
927 ; Ferrero and Caflisch, Helv. Chim. Acta, 
1928, 11, 795 ; Griesheim, G.P. 120585). It has 
been prepared from 4-nitro-a-naphthylamine by 
Sandmever reaction (Franzen and Hclwert, 
Ber. 1920, 53 [B], 320). 

Eeacticm?. — Eeaction with alcoholic ammonia j 
at 170° gives ^-nitro-a-naphthylamine {Gries- 
heim, G.P. 117006) and writh al^li-hydroxides, 
carbonates or acetates at 150° gives 4-njfro-c- 
napTilTiol (Griesheim, G.P- 117731). 

(iv) 5-Chloro-a-nitronaphthalene, m.p. 
111°, is prepared by chlorination of a-nitro- 
naphthalene in the presence of ferric chloride, 
8-chloro-a-nitronaphthalene being simultane- 
ously formed_ (Aktienges., G.P. 9975S). It is 
also formed in small degree bv nitration of a- 
chloronaphthalene (Griesheim, G.P. 120585) and 
hj aqneoTis chlorination under acidic conditions 
of o-nitronaphthalene-a-sulphonic acid when the 
sulphonic grot^ is replaced by chlorine (Arm- 
strong and Williamson, Proc. C.S. 1886, 2, 233 ; 
cj. KaEe, G.P. 343147). 

J‘ChIoro-a-nitronaphthaIene, m.p. 
116', is formed nitration of ^-chloronaphtha- 
lene_(Armstrong and Wynne, ibid. 1889, 5, 71). 
Q-V^l ®"^^!°''°‘“"'^'tronaphthalene, m.p. 
" * ' ^ obtained as chief product along with 5- 
chloro-l-nitronaphthalene when a-nitronaphtha- 


lene is chlorinated, using ferric chloride as 
catalvst, and crystallises from the reaction mass 
(Aktienges., G.P. 99758; Ullmarm and Con- 
sonno, Ber. 1902, 35, 280S). Another rnethod 
proposed for manufacture is by nitration of 
naphthalene dichloride and heating the nitro- 
naphthalene dichloride, when hydrogen chloride 
is sph't off giving S-chloro-a-nitronaphthalens 
(flatter, G.P. 317755). It is also produced by 
"aqueous chlorination of S-nitronaphthalene-a- 
ecdphom'c acid (Kalle, G.P. 343107; Voroschcov 
and Kozlov, Ber. 1936, 69 [B], 412). It is 
formed in small amount by nitration of a- 
chloronaphthalene. 

Riaciiont . — ^With sulphuric acid at _ 80°, 
S-chloro-a-nilronaphlhahne-o-eulphonic acid is 
formed whereas o-chloro-a-nitronaphthalenc 
remains unsulphonated (Aktienges., GJ*. 
1039S0). With water or aqueous alkali 8- 
chloro-a-nitronaphthalene is hydrolysed to 8- 
chloTO-a-naphtkol (\*oroschcov and Kozlov, l.c.). 

Dickdoronilronaphlhalcncc. 

(i) 4:7-DichIoro-c-nitronaphthalene, m.p. 
119°, is produced by nitration of l:6-dichloro- 
naphthalene with fuming nitric acid (Qeve, 
Bull- Soc. chim. 1878, [ii], 29, 499). 

(ii) 4:8 - Dichloro - c - nitronaphthalene, 
m.p. 142°, is formed by lutration of l:5-dichloro- 
naphthalene (Atterberg, Ber. 1876, 9, 928). 

(iii) 5:8 - Dichloro - a - nitronaphthalene, 
m.p- 94°, is produced by chlorination of c- 
nitronaphthalene at 66-80° with ferric chloride 
catalyst (Baeycr, G.P. 293318). It can also be 
produced by aqueous chlorination of 5-chloro-S- 
nitronaphthalenc-c-sulphonic add when the 
sulphonic-group is repbeed by chlorine (Kallc, 
G.P. 343147). Naphthalene tetrachloride by 
nitration and elimination of 2 moL of hydrogen 
chloride from the nitronaphthalene tetrachloride 
gives 5:S-dichloro-a-nitronaphthalcne (Matter, 
G.P. 317755; 34S0G9). 

ChloTod iTiHroT.apkXh.aV.v.fi’. 

(i) l-ChIoro-2:4-dinitronaphthaIene, m.p. 
m.p. 146-5°, is obtained by heating 2:4-dinitro- 
a-naphthol with tolnene-p-sulphonyl chloride 
in dimethybnflino (UUmann, G.P. lO'OSIS). 

Bfnclicms . — ^The chlorine group is very mobile, 
being of the same order of reactivitv as the 
chlorine in l-chloro-2:4-dinitTobenzene (Talen, 
Rcc. trav. chim., 1928, 47, 329; Manzini and 
FrengneUi, Gazzetta, 1937, 67, 35S, 373). With 
sodium azide there is formed 2:4-di>.i7ro-a- 
naphlhijlazide which, with sulphuric add, is 
converted to i-nUro-lfi-'lnaphthaquinonedioriTnc 
peroxide. Kelraann (Ber. 1923, 56 [B], 2385) 
describes a series of quinoneimide dyestuffs pre- 
pared from l-chloro-2:4-dinitronaphthaIene. 

(if) 1 - Chloro - 4:8 - dinitronaphthalene, 
m.p. 138°, is produced by nitration of dichloro- 
naphthalene (Atterberg,* fold. 1876, 9, 927) or 
by nitration of 8-chIoro-l-nitronaphthaIene 
(UUmann and Consonno, ibid. 1902, 35, 2810). 

Beaciiom . — ^With ammonia there is produced 
4:8~dinifro-a-nap?Jhyl'2Tnine and with aqueous 
sodium carbonate 4:S-dinilro-a-r.aphthol (UU- 
mann and Consonno, l.c.). 

(iii) 1 - Chloro - 4:5 - dinitronaphthalene, 
m.p. 180', is obtained by dinitration of o- 
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chloronaplitlialene (Atterberg, ihid. 1876, 9, 928) 
or by nitration of 6-chloro-a-naphthoic acid 
(Ekstrand, J. pr. Cbem. 1888, [ii], 38, 171). 

Dichlorodinilrov^iphthalenes. 

A mixture of dicHoro-l:6- and -l:8-dinitro- 
naphtbalenes is formed by dicblorination of the 
respective dinitronaphtbalene in a fused state in 
the presence of ferric chloride (PoUak, 6.P. 
■ 134306). 

4-ChlorO'l:3:8-trinitronaphthalene, m.p. 
143-144°, is obtained along with 4-chloro-l:3:6- 
trinitronaphthalene by trinitration of a-chloro- 
naphthaleno. By heating it with dilute caustic 
alkali 2-A-.^-trinitro-a-napMhol is formed (Hindi, 
J.C.S. 1913, 103, 1911). 

NAPHTHYLAMINES. 

Both a- and /3-naphthylamine and their sul- 
phonic acid derivatives are of considerable 
technical importance. Synthetic routes to the 
j3-naphthylaniine series are necessarily different 
from those to the a-series, since nitration of 
naphthalene derivatives rarely occurs in the 
jS-position. a-Naphthylamine is obtained by 
reduction of a-nitronaphthalene, and its sid- 
phonic acids by sulphonation of the amine, or 
by nitration of naphthalenesulphonic acids 
followed by reduction ; j3-naphthylamine is 
obtained from ^-naphthol, its sulphonic acids 
by sulphonation of the base or from /S-naphthol- 
sulphonic acids, e.g., by the Bucherer reaction. 
Only two |3-naphthylaminedisulphonio acids, 
namely the 4:7- and 4:8-acids, are obtained by 
nitration of naphthalenedisulphonio acids fol- 
lowed by reduction. 

The two naphthylamines and certain of their 
sulphonic acids are used as first, middle, or end 
components of azo-dyes; the sulphonic acids 
• are also used in the manufacture of naphtholsul- 
phonic acids, aminonaphtho] sulphonic acids, or 
dihjfdroxynaphthalenesulphonic acids, which 
find extensive employment in the production of 
azo-dyes. The differences in the mode of 
coupling with diazotised bases in the two series 
have already been discussed (see p. 212d). 

a-Naphthylamine. 

a-Naphthylamine (l-aminonapMhalene) can be 
obtained from a-nitronaphthalene by the action 
of many reducing agents of which iron with 
aqueous hydrochloric acid or ferrous chloride 
is as good as any. Several publications describe 
catal^ic hydrogenation (see Sabatier and 
Senderens, Compt. rend. 1902, 135, 225 ; Poma 
and PeUigrini, B.P. 227481 ; Parrett and Lowry, 
J. Amer. Chem. Soc. 1926, 48, 778 ; I.6., B.P. 
260186 ; Seldon Co., B.P. 304640). 

It can be obtained by the interaction of a- 
chloronaphthalene with ammonia solution and 
a copper catalyst (Groggin and Stirton, Ind. 
Eng. Chem. 1936, 28, 1051). It is also obtained 
when a-naphthol is heated with ammonia imder 
pressure at 150-160° for 60-70 hours (Badische, 
G.P. 14612). The yield may reach 70% of that 
calculated if the naphthol be heated with 
ammonisi-calcium chloride at 270° for 8 hours, 
but dinaphthylamine is also formed in quantities 
varying with the conditions employed (Benz, 


Ber. 1883, 16, 14). Substitution of acetamide 
at 270° for ammonia gives a 50% yield of acet-a- 
naphthalide, together with about 15% of di- 
naphthylamine (Calm, ibid. 1882, 15, 615), but 
replacement of ammonia by sodamide at 220° 
leads to the production of 5-amino-a-naphthol 
(Sachs, G.P. 181333). 

Manufacture. — The method of manufacture 
is essentially that which has been described by 
Witt (Chem. Ind. 1887, 10, 218 ; Paul, Z. angew. 
Chem. 1897, 10, 146), with improvements due to 
experience. a-Nitronaphthalene is reduced with 
iron borings and a small amount of hydrochloric 
acid in a cast-iron reduction pan with stirrer, 
condenser, and arrangements for controlling the 
temperature. Enough water is used to keep the 
mass stirrable. When reduction is complete, 
different methods may be used for separating 
the naphthylamine, after neutralising acid, e.g., 
vacuum distillation, steam distillation, or solvent 
extraction. The cnide a-naphthylamine is 
purified by distillation. Precautions must be 
taken to protect the workers from contact with 
a-naphthylamine. The product contains fi- 
naphthylamine from which it may be freed either 
by repeated crystallisation from warm light 
petroleum, in which the j8-base is the more 
soluble (Erdmann, Annalen, 1893, 275, 217, 
footnote), or warming it with 10% of its weight 
of xylene, allowing the homogeneous mixture to 
cool, breaking up the semi-solid mass and 
separating the pure crystalline a-base in a 
centrifuge (Weiler-ter-Meer, G.P. 205076; B.P. 
16446, 1907). The residue left after evaporation 
of the mother-liquor to dryness contains both 
bases : if it is dissolved in hot dilute hydro- 
chloric acid, most of the a-base separates as the 
ciystaUine hydrochloride on cooling, while from 
the filtrate the jS-base is precipitated as sul- 
phate by the addition of dilute sulphuric acid 
(Weiler-ter-Meer, l.c . ; cf. F. Beverdin and E. 
Nolting, “ Sur la constitution de la Naphtha- 
line,” ed. 1885, 35). 

Properties. — Pure a-naphthylamine has m.p. 
49-2-49-3° ; its f.p. is 48-61-48'63°. Technical 
a-naphthylamine has f.p. of 45-3-45-5° and con- 
tains not more than 95'5% a-naphthylamine, |3- 
naphthylamine always being present (Gubel- 
mann and WeUand, Ind. Eng. Chem. 1929, 21, 
1239 ; cf. Lenkhold and Ostroumov, A. 1930, 
1174; Lenkhold, ibid.). It boOs at 300° 
(Zinin, J. pr. Chem. 1842, 27, 141) and is only 
shghtly volatile in steam. It is easily soluble in 
alcohol, ether, or an ilin e but almost insoluble 
in water, of which 100 c.c. dissolve only about 
0'167 g. at the ordinary temperature (BaUo, 
Ber. 1870, 3, 288, 673). On exposure to the air, 
the technical product changes colour gradually 
to greyish- violet, owing possibly to the presence 
of a small quantity of l.-S-diaminonaphthalene 
(Witt, l.c.). Its odour is characteristic and 
unpleasant. 

The salts are for the most part sparingly 
soluble in water. The hydrochloride, B,HCI, 
and the sulphate, B 2 ,H 2 S 04 - 1 - 2 H 20 , form 
scales; platinichloride,“(^,HC\)^PiC\i, is a 
crj'staUine powder. The picrate, B,HA, forms 
sparingly soluble prisms, m.p. 161° (Smolka, 
Monatsh. 1886, 6, 923 ; cf. Suida, Ber. 1908, 
41, 1913). 
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iJeaciions.— Diazotised, it forms the first com- 
ponent of many azo-dyes. It also couples Avith 
diazotised bases forming the middle or ^ end 
component of disazo-dyes. From its diazo- 
compoimd, a-napMhol can be obtained, and is 
also formed when a-naphthylamine hydro- 
chloride or sulphate is digested with water at 
200°. By sulphonation, it furnishes a series of 
mono-, di-, and tri-sulphonic acids. Reduction 
in boiling amyl alcoholic solution with sodium 
converts it into ox.-tdrahydro-a-naphtliyiaminc. 
When heated with zine chloride or calcium 
chloride at 280° it imdergoes partial decom- 
position into aa'-dinapMhyJamine and ammonia 
(Benz, ibid. 1883, 16, 14). 

Oxidised by potassium dichromate and dilute 
sulphuric acid it yields [a-^naplithaquinonc and 
pJithaJic acid (Monnet, Reverdin, and Nolting, 
ibid. 1879, 12, 2306). but with oxidising agents j 
such as ferric chloride, silver nitrate, mercuric 
chloride, or chromic acid, its salts in aqueous 
solution produce an azure-blue precipitate of 
“ naphthamein," which rapidly becomes purple, 
dissolves in chloroform, and is not bleached by 
Btfiphinous acid (Piria, Annalen, 1851, 78, 64 ; 
Schiff, ibid. 1857, 101, 92 ; 1864, 129, 255). 

With excess of nitrous gases and subsequent 
warming, a-naphthylamine hj'drochlorido sus- 
pended in water gives rise to 2-ni(ro-a-nap}ithol 
(Varma and Krishnamurth}'', J. Indian Chem. 
Soc. 1926, 3, 326). It also forms blood-red com- 
pounds, m.p. 72° and 64-5°, with 1-chloro- and 
l-bromo.2:4:-dinitrobenzene (Buchlcr, Hisoy, and 
Wood, J. Amer. Chem. Soc. 1930, 52, 1939). 

Acyl Derivatives. 

N-Formyl-a-naphthylamine, obtained by 
boiling a-naphthylamino Avith 16'3% formic 
acid (d‘2 parts) for 1 hom, crystallises from Avnter 
in needles, m.p. 138-5° (Tobias, Ber. 1882, 15, 
2447). 

N-Acetyl-a-naphthylamine {accl-a-vaph- 
tJialide) is formed by heating a-naphthol with 
ammonium acetate at 270-280° (Calm, ibid. 
1882, 15, 615), and prepared by boiling a- 
naphthylamine Avith 1-25 times its weight of 
glacial acetic acid for 4—5 daj^s (Licbennann and 
Dittler, Annalen, 1876, 183, 229). It crystallises 
in needles, m.p. 159°, is easily soluble in alcohol 
and acetic acid, and dissolves moderately in hot 
Avater but is ataost insoluble in the cold (Liobor- 
mann and Dittler, l.c. ; Tommasi, Bull. Soc. 
chim. 1873, [ii], 20, 20). 

Reactions. — Nitration converts acet-a-vaphtha- 
lide into a mixture of 2-nitro- and 4:-niiro-accl-a- 
napMhalide and finally into 2:i-dinitroacct-a- 
naphthalide. By sulphonation AAuth Avarm 20— 
25% anhydro-acid it yields cliiefly acel-a- 
naphthalide-5-stdphonic acid, the 4-siilpIionic 
acid being the minor product, but with 35% 
anhydro-acid below 30° the Bil-disidphonic acid 
IS obtained. In acetic acid solution Avith 
cluonne it gives 2A-dichloroacet-a-napldlialide 
(Cleve, Ber. 1887, 20, 448), but Avith sodium 
cWorate and hydrochloric acid i-cldoroacel-a- 

1900^33^*682)^^^^^^*^^ Cr4pieux, ibid. 

N - chloroacet - a - napliihalide, dissolved in 
aqueous alcohol or acetic acid, is changed in the 
presence of hydrochloric acid to i-chloroacel-a- 
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naphihalidc as main product,' some of the 2- 
c/jloro-compound being also formed (Hoogevecn, 
Rec. trav. cliim. 1930, 49, 503). The effect of 
varying the acyl substituent on the 3 ’'ield of the 
nitration products has been studied by Hodgson 
and Wallcer (J.C.S. 1934, 180). 

Alkyl Derivatives. 

N-Methyl-a-naphthylamine, obtained by 
boiling a solution of formyl-a-naphthylanunc 
in xylene Avith sodium (1 at.), adding methyl 
iodide (1 mol.) and saponif 5 dng the methyl 
dcriA'ativc by dilute sulphuric acid, is an oil, 
b.p. 293° (Fischer, Annalen, 1895, 286, 159; cf. 
Landshoff, Ber. 1878, 11, 638). 

Reactions. — It has been proposed as end com- 
ponent in certain disazo-dj’cs {cf. CasscUa, G.P. 
71329). The i-snlphonic acid can bo prepared 
from a-naphthol-4-sulphonic acid bj' inter- 
action Avith metludamino and mcthj'lamino bi- 
sulphite at 150° (Badischc, G.P. 121683; B.P. 
18726, 1900). 

N-Dimethyl -a-naphthylamine, obtained 
by heating a-naphthj'laminc hj-drochlorido Avith 
nieth 5 d alcohol (2 mol.) during 6-8 hours under 
pressure at 170°, is an oil. b.p. 272-274°, p-” 
1-0423 (Fricdliindcr and Wclmans, Bor. 1888, 
21, 3124 ; cf. Pinnow, ibid. 1899, 32, 1406). It 
is prepared in 70% j’ield from a-naphthA-lamino 
and mcthjd sulphate in presence of caustic soda 
(Gokhlc and Mason, J.C.S. 1930, 1757), or in 
90-97% j-icld b}' heating a-naphthj-lamino AA'ith 
mcthj-l p-tolucncsulphonatc (2 mol.) at 155- 
160° (Rodinov and Vedenski, Bull. Soc. chim. 
1929, [iv], 45, 121). Its cliloro-, nilro-, and 
mVroso-dcrivatives have been described ; the 
hydrochloride of the nitroso-derivatiA’O decom- 
poses into nitroso-a-naphthol and dimctlnd- 
aminc in aqueous or alcoholic solutions. 

Reactions. — By sulphonation AA'ith 9.5% sul- 
phuric acid at 130° it furnishes dimethyl-a- 
naphthylaminc - 5 - sulphonic acid, HA-l-HoO, 
sparingly soluble scales, together with an easilj* 
soluble isomer (Fussgilngcr, Ber. 1902, 35, 977 ; 
cf. Friedliinder and Wclmans, l.c.). Reduction 
in boiling araj-l alcohol solution bj' sodium con- 
verts it into av-tetrahydrodimethyl-a-naphthyl- 
amine. 

N-Ethyl-a-nnphthylamine is an oil, b.p. 
303°/722-5 mm. (Fricdlundcr and Wclmans, l.c.), 
326-330°/770 mm., and 191°/10 mm. (Morgan 
and JlicldotliAA-ait, J.C.S. 1907, 91, 1516), AA-hich, 
on reduction in boiling amyl alcohol solution 
AA-ith sodium, furnishes nr-tctrahydrocthyl-a- 
naphlylaminc. It is used in the manufacture of 
Victoria Blue R. 

N-Diethyl-a-naphthylamine, obtained bj' 
heating a-naphthjdamino Avith caustic soda (2 
mol.), a little Avater, and ethjd bromide or iodide 
(2 mol.) at 110-120°, and separated easily from 
the quaternary compound, m.p. 98-100°, also 
formed, is an oil, b.p. 283-285°, p 1-005 (Fried- 
lander and Welmans, l.c.). 

Aryl Derivatives. 

N-Phenyl-a-naphthylamine can be ob- 
tained bj"- the interaction of a-naphthjdamino or 
a-naphthol with aniline in presence of suitable 
catalysts. The goncralty adopted method is to 
heat 250 g. a-naphthylamine, 300 g. aniline, and 
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5 g. sulphanilic acid in a pressure vessel for 24 
hours at 210-230°, the ammonia formed being 
released from time to time. The products of 
reaction are separated by vacuum distillation, 
a nilin e and a-naphthylamine coming over first 
and then the phenyl- a-naphthylamine at about 
224°/12 mm. The product is of good quality, 
m.p. 63°. Sulphanilic acid as catalyst gives a 
purer product than aniline hydrochloride and 
moreover is less corrosive, enabling an iron vessel 
to be used (Fierz-David and Blangey, Farben- 
Chem. 1938, Springer, 4th ed.). Alternative 
catalysts for this reaction are iodine (KnoU, 
G.P. 241853 ; Khoevenagel, J. pr. Chem. 1914, 
[ii], 89, 20) or, preferably, ammonium iodide 
(Hodgson and Marsden, J.C.S. 1938, 1181). 
Phenyl-a-naphthylamine has m.p. 62°, b.p. 
335°/258 mm. or 226°/15 mm., is insoluble in 
dilute acids, and couples with diazotised bases 
as end component in disazo-dyes (cf. Bayer, 
G.P. 48924; B.P. 14442, 1888). It is used in 
the manufacture of Victoria Blue B and has 
found application as an antiager in rubber. 

N-o-Tolyl-a-naphthylamine, obtained by 
using o-toluidine instead of aniline in the fore- 
going methods, forms needles, m.p. 94-95°, 
b.p. 198-202°/9mm.(Friedlander,l.c.; Knoll,Z.c.). 

N-p-Tolyl -a-naphthylamine, obtained 
similarly by the use of p-toluidine, has m.p. 
78-79°, b.p. 360°/258 mm., or 236°/16 mm. 
(Girard and Vogt, BuU. Soc. chim., 1872, [ii], 
18, 68 ; Friedlander, lx. ; Knoll, l.c.). It 
couples with diazotised bases as end component 
in disazo-dyes (cf. Bayer, G.P. 49808; B.P. 
14442, 1888). 

Aryl-a-napMhylaminesulphonic Acids. 

Of these derivatives, the phenyl- (or o- or p- 
tolyl-) 3-, 4-, 5-, 6-, 7-, and 8-sulphonio acids 
have been prepared by heating the corresponding 
a-naphthylaminesulphonic acids with aniline 
(or o- or p-toluidine) and its hydrochloride at 
160-170°. The acids are very sparingly soluble 
in Water ; the sodium salts crystallise in scales, 
and, with the exception of the 3-, 7-, and 8- 
srdphonates, are sparingly soluble (Bayer, G.P. 
70349; 71158; 71168; B.P. 7337a, 1892). The 
most important technically are phenyl- and p- 
iolyl-a-naphthylamine-8-sulphonic acids used in 
manufacture of disazo black and navy blue dyes 
for wool. 

Among the a-naphthylamine-di- and -tri- 
sulphonic acids, arylation has been confined for 
the most part to those which contain one of the 
sulphonic groups in the same nucleus as, and in 
either the 3- or 4-position relatively to, the 
amino-group. With these acids : 

(а) If the sulphonic group is present in the 

4-position, it can be exchanged for 
hydrogen. Thus the a-naphthylamine- 
4:6-, 4:7-, and 4:8-disulphonio acids by 
arylation furnish respectively the phenyl 
(or o- or p-tolyiya-naphthylamine-G-, 7-, 
and 8-monosulphonic acids (Aktienges., 
G.P. 168923; 169353; B.P. 16624, 
24669, 1904). 

(б) I the sulphonic group is present in the 

3-position, it can be exchanged for an 
arylated amino-group. Thus the a- 


naphthylamine-3:6-, -3:7-, and-3:8-disul- 
phonic acids by arylation yield respec- 
tively the diphenyl-(oT di-o- or di-p- 
tolyl)-l:3-diaminonaphthalene-8-, -7-, and 
-8-monosulphonic acids (Bayer, G.P. 
75296; 76414; B.P. 8898, 1893). 

a-NAPHTHYLAMnTBStrLPHONIO AoiDS. 

-Naphthylaminesulphonic acids can be pre- 
pared by the following general methods, of 
which the last two are technically unimportant : 

1. By sulphonation of a-naphthylamine. 

2. By nitration of naphthalenesulphonic acids 

and subsequent reduction. 

3. By sulphonation of a-naphthylaminesul- 

phonic acids obtained from nitronaptha- 
lenesulphonic acids. 

4. By heating a-naphtholsulphonic acids, 

other than those which contain sul- 
phonic acid groups in the 2- or 3- 
position, with ammonium sulphite solu- 
tion and ammonia at 100-150°, and 
afterwards acidifying the products. 

5. By heating a-chloronaphthalenesulphonic 

acids with ammonia under pressure. 

6. By partial hydrolysis of a-naphthylamine- 

di- or -tri-sulphonio acids. 

Two of the monosulphonic acids are obtained 
by methods applicable only to them : 

(a) a-Naphthylamine-4-sulphonio acid, one of 
the three monosulphonic acids formed 
from a-naphthylamine by sulphonation, 
is obtained mixed only with a small 
amoimt of the 6-sulphonio acid by 
“ baking ” the acid sulphate of a- 
naphthylamine at 180-200° : 



SO3H 


(b) a-Naphthylamine-2-sulphonic acid is the 
only monosulphonic acid formed when 
sodium a-naphthylsidphamate or sodium 
a-naphthylamine-4-sulphonate is heated 
at about 200° : 


NHSOoNa 
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The first general method, the sulphonation of 
a-naphthylamine, leads to the formation of 
three mono-, three di-, and three tri-sulphonic 
acids. The composition of the sulphonation 
product depends on the four factors, concentra- 
tion and relative quantity of the sulphuric acid, 
and temperature and dmation of the reaction ; 
but Erdmann has sho'wn that it is possible to 
obtain, as chief product, successively the 4-, 5-, 
and 6-monosulphonic acid by prolonging the 
reaction -vrithout altering the temperature or the 
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concentration of the sulphuric acid (Annalen, 
1893, 275, 192). From the scheme which 
indicates the constitution of the products 
obtained by sulphonating each of these three 
acids it will bo seen 

1. that the 2-position is not occupied in acids 

I, II. and III until trisulphonation 
occurs ; 

2. that entry of the sulphonio group into the 

3- or the 8-position does not take place : 



Although in the sulphonation of a-naphthyl- 
amine, its entry into the molecule is delayed 
until trisulphonation occurs, yet if introduced 
early (see supra) the 2-sulphonic group is retained 
in position when a-naphthylamlne-2-8ulphonic 
acid interacts with sulphuric acid 



The second and third general methods afford a 
means whereby several of the more important 
acids, those containing a sulphonic group in the 
8- or pen-position, can be obtained. For the 
production of such acids, nitronaphthalenesul- 
pnomc acids of corresponding constitution are 


reduced in weak add solution by iron, and in 
tmn these acids b^' sulphonation or dcsulphona- 
lion may furnish a-naphthylaraino sulphonic 
acids not obtainable in other waj'S. Thus the 
3-sulphonic acid, like tho 3:S-disulphonic acid, 
arises from a-nitronaphthnlono-3:8-disulphonic 
acid 



and can bo further sulphonated 
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The limit of sulphonation is reached for most 
of the a-naphthylaminesulphonic acids when tri- 
sulphonation has been effected. Two exceptions 
only have been observed to this rule and in each 
the trisulphonic acid •which undergoes further 
sulphonation 

(а) is prepared, not from a-naphthylamine, 

but by reduction of the corresponding 
a-nitronaphthalene-3:6:8- or 4:6:8-tri- 
sulphonic acid, and 

(б) contains one sulphonic-group in the peri- 

or 8-position relatively to the amino 
radical. 

The tetrasulphonation product from either 
som-ce is isolated from the sulphonation melt as 
a naphthasultamtrisulphonic acid : 


HO3S NO2 HO3S NHa 



o'wing to the formation of the pen‘-anhydride or 
sultam, dehydration in the peri-position being a 
property ■which characterises both tri- and tetra- 
sulphonic acids of this type. 

From solutions of the alkali monosulphonates 
the acids are precipitated, but from those of the 
di- and tri-sulphonates, acid salts separate on 
the addition of mineral acid. A comparison of 
the relative strengths of the monosulphonic acids 
sho-ws that the 2-acid is about 10 times as strong 
as the 4-, 5-, 6-, or 7-acid and about 2,000 times 
as strong as the 8-acid (Erdmann, ibid. 1893, 
275, 276). 

Naphthylaminesulphonic acids do not form 
arylamine salts o-wing probably to internal salt 
formation. If, however, the amino-group is 
acetylated — best effected in pyridine solution 
by acetic anhydride — ^the production of aryl- 
amine salts no longer presents difficulty (Forster 
and Watson, J.S.C.I. 1927, 46, 224t; Forster, 
Hanson, and Watson, ibid. 1928, 47, 156t, 
Forster and Mosby, ibid. 167t). 

The naphthylaminesulphonic acids can be 
converted into srdphonyl chlorides by the action 
of chlorosulphonic acid (I.G., B.P. 331696) or 
in some cases after substituting the amino- 
group (Attienges, G.P.a. 38511, Hochst, G.P. 
292357). 

The anilides of a-naphthylamine-4-, 5-, 6-, 
7-, and 8-sulphonic -acids have m.p. 190°, 171°, 
127-128°, 146-147°, and 139-140°, respectively 
(Heller and Sturm, J. pr. Chem. 1929, [ii], 121, 
193). 

The rates of diazotisation, of couphng and of 
decomposition of diazo-compounds of a-naph- 
thylamine and its seven monosulphonic acids 
have been measured, from which it appears that 


the presence of the sulphonic acid group 
decreases the stability of the amino-group 
towards nitrous acid, and that of the acids, the 
1:2- and 1:4- are most readily diazotised, 1:6- 
and 1:8- most tardily (Vendelstein, A. 1927, 
760). 

A volumetric method for estimating a-(or 
/3-)naphthylaminesulphonic acids, based on their 
dilferent capacity for absorbing bromine, has 
been devised by Vaubel (Chem.-Ztg. 1893, 17, 
1265). Most of these acids can be estimated 
accurately by titration with diazotised p- 
nitraniline (Bucherer, cf. J.S.C.I. 1907, 26, 818). 

a-Naphthylaminesulphonic acids are used for 
the following purposes : 

(i) Conversion into a-NapJitholsulphonic Acids. 
— ^The exchange of amino- for hydroxyl is 
effected not only by the diazo-reaction or by the 
bisulphite method but in certain cases by heat- 
ing the acids with water at 180-200° under 
pressure. This reaction takes place most 
readily when sulphonic groups are present in 
the same nucleus as, or in the 8-position relative 
to, the amino-group, and, as the example shows, 
the amino-group is replaced more readily than 
the a-sulphonic group by hydroxyl. 



H.O at 200°. 



HO OH 



An example of the use of bisulphite is the 
preparation of a-naphthol-4-sulphonic acid from 
naphthionic acid (see p. 3346). 

(ii) Conversion into a-AminonapMlwlsulplionic 
Acids. — The exchange of sulphonic for hydroxyl 
is achieved either by digestion of the sulphonic 
acid with concentrated caustic soda solution 
at 180-250° vmder pressure or by fusion with 
caustic soda at 180-260°. As is customary, sul- 
phonic groups in a- are more easily replaced than 
those in jS-positions, and of groups in a-positions, 
when there is a choice, that in the 8-position is 
the first to be exchanged. Acids containing a 
3-sulphonic group are decomposed by caustic 
soda at high temperatures furnishing hydroxy- 
toluic acids. 

(iii) Conversion into a - Naphtliylaminesul - 
phonic Acids Containing a Smaller Number of 
Sulphonic Groups. — The exchange of sulphonic 
for hydrogen is accomplished by the aid of 
sodium amalgam in the cold, or of zinc dust in 
boiling dilute caustic soda solution, or of boiling 
75% sulphuric acid. Groups in a-positions are 
the first to be eliminated. While the 8-sulphonic 
group is removed most readily by the first two 
of these desulphonating agents, hydrolysis by 
means of sulphuric acid leads preferentially to 
the elimination of the 4-sulphonic group. 

The reactions summarised in the three pre- 
ceding paragraphs may be illustrated in the case 
of a-naphthylamine-4:6:8-trisulphonio acid : 
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It may be noted that the a-naplitbylaminc- 
4:6-, 4:7-, and 4:8-disu]pbonic acids n’ben lieatcd 
with aniline or ^-toluidine at 180°, furnish aryl- 
a-naphthylaminemonosulphonic acids by elimi- 
nation of the 4-sulphonic group. 

(iv) Conversion into Diaminonaphlhalaiesnl- 
'phonic Acids. — ^The exchange of sulphonic for 
amino- takes place only when the acid contains 
a 3-8ulphonic group, the l:3-diaminonaphthaleno 
derivative being produced by interaction of the 
acid with ammonia at 180°. AnUino and p- 
toluidine furnish l:3-diaryl-dcrivatives under 
these conditions. 

(v) Production of Azo-dyes. — Diazotisation of 
the sulphonic acids proceeds normally, except 
in the case of a-naphthylamine-2-sulphonic acids 
which, as already indicated, yield diazo-oxides 
by exchange of the 2-sulphonic group for 
hydroxyl in the absence of mineral acid. For 
an account of the coupling of a-naphthylaminc- 
sulphonic acids with diazo-compounds, see 
p. 2726. 

(vi) Formation of Carbamides. — o-Naphthyl- 
aminesulphonic acids, particularly the 4:6:8- 
trisulphonic acid, have found application in the 
preparation of trypanocidal substances for com- 
bating sleeping siclmess. These are compounds 
of the type 

(XNH-C0-R'NH-C0-R"NH)2C0 

where R' and R" are phcnylene residues and 
X is sulphonated naphthalene (see Bayer, G.P. 
228273 ; 289107 ; 289270 ; 289272). 

a-Naphthylsulphamic Acid (a-naphthyl- 
amine-ti-sulphonic acid). — This acid is formed 
(■with naphthionic acid) by ammonium sidphite 
reduction of a-nitronaphthalene, from a- 
naphthylamine and sulphamic acid at 110-113° 
(Ruijter de Wddt, Bee. trav. chim. 1904, 23, 
183 ; Quilico, Gazzetta, 1926, 56, 620) or from 
a-naphthylamine and chlorosulphonic acid 
(Tobias, G.P. 79132). The free acid has not 
been isolated but the alkali salts are soluble and 
moderately stable in presence of free alkali. 
When heated the salts are converted to 1- 
naphthylamiae-4-sulphonates (low temperature) 
or l-naphthylamine-2-sulphonates (liigh tem- 
perature) (Ruijter de Wildt, l.c.). a-Napthyl- 
sulphamic acid is easily diazotised (Traube, Ber. 
1891, 24, 360 ; cf, I.G., B.P. 268789). It has 
been patented for use as the middle component 


in polyazo-dyes ns it is said to couple exclusively 
in tliD ^ara-position, whereas a-naphthylamino 
couples to some extent in the orf6o-position as" 
well. 

a-NArHTIIYI.AMlNEMONOSUI.PnOXIC AciUS. 

(i) a-Naphthylamine-2-sulphonic Acid is 
obtained b}' lieating sodium a-naphthylarainc-4- 
sulphonato (sodium naphthionate) at 200-2.')0°, 
but owing to the imperfect distribution of heat 
tliroughout the mass, the jdcld does not exceed 
50% (Lnndshoff, G.P. 5C5G3; B.P. 0195, 1890; 
cf. Erdmann, Annalcn, 1893, 276, 225). If, 
however, the sodium naphthionate, suspended 
in boiling naphthalene, be Imated at 180-230° 
for 2-3 hours, and the naphtlialcne afterwards 
removed by distillation until steam, the yield 
is almost quantitative, and the product contains 
ns impurity only a small quantity of a-najilithyl- 
amino (Bayer, G.P. 72833). This acid is also 
formed when a-naphthjdamino is heated with 
sulphnnilic acid or its homologues at 180-250° 
(Bayer, G.P. 75319) ; or with a-nnphth3’lamine- 
4- or /3-naphthjdnminc-8-sulphonic acid at 160- 
230° (Bayer, G.P. 77118; B.P. 21139, 1892); 
or when a-naphthylsulphamic acid is heated at 
170-240° (Tobins, G.P. 79132; B.P. 150C7, 
1894). 

It is also stated to bo obtained from a-naph- 
thylnmino in an indificrent solvent such ns 
tctrachloroethnno by the addition of clilorosul- 
phonic acid and subsequent heating for several 
hours at the boiling-point of the solvent (B.D.C., 
G.P. 3924C0). 

Identification . — ^Tho acid crystallises in needles, 
soluble in 244 parts of water at 20°, or in 3 1-3 
parts at 100° (Dolinski, Bor. 1905, 38, 1836). 
The barium, BaAo-l-HoO, and calcium, CaA,, 
salts form sparingl^'^ soluble scales; the potas- 
sium salt, KA, needles sparinglj’ soluble in cold 
water; the sodium salt, NaA, scales soluble in 
10 parts of boiling or GO parts of cold water. It 
is convertible into a-cMoronaphthalcnc.2-sul- 
phonyl chloride, needles, m.p. 80°, and 1:2- 
dichloronaphthalene (Clove, ibid. 1891, 24, 3472). 

Beaclions. — ^From its sparingly' soluble diazo- 
compound, a-naphthol-2-sulphonic acid has been 
obtained. Nitration converts it into 6-7it<ro-a- 
naphthylaminc-2-sulphonic acid. On sulphona- 
tion with 10% anhydro-acid in the cold it yields 
a.-naphthylamine-2:B-disulphonic acid. 
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(ii) a-Naphthylamine-3-suIphonic Acid 
{(Jleve's [y-]aci(Z) can be obtained by tbe reduc- 
tion of a-nitronapbtbalene-3-sulpbonic acid with 
ferrous sulphate {Cleve, Her. 1886, 19, 2181). It 
is also formed when sodium a-naphthylamine- 
3:8-disulphonate is boiled with 75% sulphuric 
acid (Kalle, G.P. 64979), or with zinc dust 
and dilute caustic soda solution (KaUe, G.P. 
233934), or is reduced either by sodium amalgam 
in the cold (Friedlander and Luoht, Ber. 1893, 
26, 3032; Bayer, G.P. 265724; B.P. 28172, 
1911) or electrolytically (Bayer, G.P. 248527 ; 
261099 ; B.P. 28173, 1911). 

Identification . — The acid forms sparingly 
soluble needles; the harium salt, BaAj-f-HjO, 
forms scales and, like the calcium, potassium, 
and sodium, NaA, salts, is very soluble in water 
(Cleve, Ber. 1888, 21, 3271). It is convertible 
into a-cliloronaphthalene-Z-sulphonyl chloride, 
prisms, m.p. 106°, and l:S-dichhronaphthalene 
(Cleve, l.c . ; Armstrong and Wynne, Proo. C.S. 
1896, 11, 240). 

Seactions . — It couples with diazotised bases as 
the middle component of disazo-dyes, but has 
been little used for this purpose. From its 
diazo-compound a-vaphthol-3-sulphonic acid has 
been obtained. Fusion with caustic alkali at 
260-260° gives 1-amino-Z-naphthol. Digestion 
with 60% caustic soda solution at 260-280° 
furnishes o-toluic acid (Kalle, G.P. 79028), but 
with ammonia at 180° gives l‘.3-diaminonaphtha. 
lene or with aniline at 170° diphenyl-l:3-di- 
aminonaphthalene. By aulphonation with 20% 
anhydro-acid in the cold, it 3delds a-naphthyl- 
amine-Z:5-disulphonic acid. 

(iii) a-NaphthYlamine-4-sulphonic Acid 
{Naphthionic acid), was first obtained by boiling 
a-nitronaphthalene with ammonium sulphite in 
alcoholic solution (Piria, Annalen, 1851, 78, 31). 
By using pressure, alcohol can be omitted 
(Ehrhardt and Hereward, B.P. 264402). It is 
formed when a-naphthylamine is sulphonated 
with “ fuming ” siphuric acid (c/. Erdmaim, 
Annalen, 1888, 247, 315), and constitutes the 
sole product when it is heated with sulphuric 
acid at 100-130° until the product is soluble in 
alkali (Witt, Ber. 1886, 19, 57, 578 ; cf. Verein, 
B.P. 2237, 1883) or with chlorosulphonic acid 
(Corbelliai,'A. 1927, 1179). It is manufactured 
from acid a-naphthylamine sulphate by the 
“ baking ” process at 180-200°, preferably in a 
vacuum (Nevile and Winther, J.C.S. 1880, 37, 
632 ; Verein, l.c. ; Paul, Z. angew. Chem. 1896, 
9, 685). It is also produced by heating a- 
naphthylamine with 3 times its weight of potas- 
sium bisulphate at 200° (Bischoff and Brodsky, 
Ber. 1890, 23, 1914). a-Naphthylamine sulphate 
oan also be “ baked ” with sodium sulphate 
(Langguth, Chim. et Ind. 1930, 24, 31) or alter- 
natively can be heated in a solvent such as 
transformer oil, the water of reaction being 
distilled off (I.C.I., B.P. 364201). It is also 
formed from a-naphthylamine-4:8-disulphonic 
acid by reduction with zinc dust and boiling 
dilute caustic soda solution (KaUe, G.P. 233934), 
or with sodium amalgam in the cold (Bayer, 
G.P. 256724; B.P. 28172, 1911), or electro- 
lyticaUy (Bayer, G.P. 248627; 251099; B.P. 
28173, 1911). 

This acid is also the product when the bisul- 


phite amination method is applied to sodium 
a-naphthol-4-sulphonate (Badisohe, G.P. 117471; 
B.P. 1387, 1900); or when sodium a-chloro- 
naphthalene-4-sulphonate is heated with 25% 
ammonia solution at 200-210° (Oehler, G.P. 
72336). 

Preparation . — ^Fused a-naphthylamine (60 kg.) 
is stirred into sulphuric acid (36-6 kg.) and the 
mixture heated at 170-180° imtil a homo- 
geneous mass is obtained. Crystallised oxalic 
acid (2-5 kg.) is then stirred in, and the frothy 
mass, spread on leaden trays, is heated in an 
oven at 170-180° diuing 8 hours. When cold, 
the porous grey product is ground to a powder, 
extracted by alkali and filtered, the filtrate 
acidified with hydrochloric acid and the washed 
precipitate converted into sodium salt (64 kg.). 
Should the salt still contain a-naphthylamine or 
the 5-sulphonate, the former may be extracted 
by solvent naphtha, and the latter removed by 
fractional crystallisation {cf. Schultz, “ Chem. 
d. Steinkohlenth.,” F. Wieweg u. Sohn, 3rd ed. 
i, 202). In a more modem method, a-naphthyl- 
amine sulphate is baked at a controlled tempera- 
ture in a rotating cylindrical drum. 

Identification . — ^The acid, HA-fJHgO, forms 
small lustrous needles, which dissolve in 3,225 
parts of water at 20°, or in 438 parts at 100° 
(Dohnski, Ber. 1905, 38, 1836). The barium 
salt, BaA2-l-8H20, scales, calcium salt, 
CaA2-l-8H20, monochnio tables, potassium 
salt, KA, scales, and sodium salt dissolve readily 
in water, and, like the acid, show marked blue 
fluorescence in dilute solution. It is convertible 
into a - chloronaphthalene • 4 - sulphonyl chloride 
(q.v.), and hi-dichloronaphthalene (Cleve, ibid. 
1887, 20, 73). 

Reactions. — Diazotised, it forms the first com- 
ponent of many azo-dyes. It couples with di- 
azotised bases, Congo Red and Benzopurpurin 
being familiar dyes in which it is used. 

From its sparingly soluble, micro-crystalline, 
yellow diazo-compound, a-naphthol-4:-sulphonic 
acid may be obtained. This acid is also the 
product when the sodium salt is digested either 
with sodium bisulphite solution at 86-90°, 
followed by acidification, or with 50% caustic 
soda solution at 240-260°. With sodium amal- 
gam in the cold it gives a-naphthylamine. By 
sulphonation with 25% anhydro-acid below 30°, 
it is converted into a mixture of a-naphthyl- 
oTOtne-4:6- and -i-.T -disulphonic acids. Prolonged 
heating with sulphuric acid at 130° converts it 
successively into the 5-sulphonic acid and the 
6-sulphonic acid, and it is the most easily 
hydrolysed acid of the three. Its sodium salt, 
when heated at200-250°,is convertedinto sodium 
a-naphthylamine-2-sulphonatc. On bromination 
it yields 2:4-dibromo-a-naphthylamine, the 4- 
sulphonic group being removed and the amino- 
group unaffected (Heller and others, Z. angew. 
Chem. 1930, 43, 1132). 

Acet - a - naphthaUde - 4 - sulphonic acid, the 
minor product of the sulphonation of acet- 
a - naphthalide with 20-25% anhydro - acid 
(Schultz, Ber. 1887, 20, 3161 ; see the 6-sul- 
phonic acid), is obtained as sodium salt by stir- 
ring acetic anhydride (7 parts) into a solution 
of sodium a-naphthylamine-4-sulphonate (16 
parts) at 60-70°, and salting out the product. 
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Both the acid and the sodium salt are crystalline 
and readily soluble in -water (Hochst, G.P. 
129000; B.P. 17366, 1898; Nietzki and 

Ziibelen, Ber. 1899, 22, 461). Nitration converts 
it into the 6-nitro-derivative. 

(iv) a-Naphthylamine-5-sulphonic Acid 
[Laurent's acid; Gleve's [a-^naplithalidinesul- 
phonic acid) is obtained by reduction of a- 
nitronaphthalene-6-sulphonic acid (Laurent, 
Compt. rend. 1850, 31 , 638 ; cf. Cleve, Forhandl. 
1876, 9 , 13 ; Bull. Soc. chim. 1876, [ii], 24 , 611 ; 
Erdmann, Annalen, 1893, 275 , 264 ; SchoUkopf, 
G.P. 40571 ; B.P. 16776, 1885). It constitutes 
the chief, -with the 4-sulphonic acid as sub- 
sidiary, product, -when a-naphthylamino is 
■warmed -with t-wice its -weight of " fuming ” 
sulphvu-ic acid (Cleve, Forhandl, 1876, 7 , 39 ; 
cf. Schmidt and Schaal, Ber. 1874, 7 , 1367 ; 
Erdmann, Annalen, 1888, 247 , 316) ; or -when 
a-naphthylamine hydrochloride is sulphonated 
in the cold with 20-25% anhydro-acid (Witt, 
Ber. 1886, 19 , 578; Schultz, ibid. 1887, 20 , 
3161 ; Mauzelius, ibid. 3403) ; or when acet-a- 
naphthatide is sulphonated -with 3-4 times its 
weight of 20-25% anhydro-acid and the product 
deacetylated by boiling the melt rvith water 
(Lange, ibid. 1887, 20 , 2940; Ewer and Pick, 
G.P. 42874; Schultz, Z.c.), but is the minor 
product obtained in the manufacture of the 8- 
Bulphonic acid from naphthalene-a-sulphonic 
acid by nitration and reduction. It is also 
formed when sodium a-chloronaphthnlone-5- 
sulphonate is heated with 25% ammonia solu- 
tion at 200-210'’ (Oehler, G.P. 72336). 

Preparation. — ^It can be readily prepared by 
nitrating naphthalene-a-sulphonic acid (see 
(vii), infra) or by sulphonation of a-nitronaph- 
thalene. The l-nitronaphthalene-5-srJphonio 
acid is less soluble than the accompanying 
isomers and can be purified by reciystallising 
either the sodium or calcium salt, the pm-ity 
being judged by the melting-point of the derived 
sulphonyl chloride, which shordd be 113°. The 
nitro-compound is reduced to the pure a- 
naphthylamine-5-sulphonic acid. Commercially 
this acid is obtained as a by-product from the 
manufacture of the l:8-i8omer (infra). 

Identification. — ^The acid crystallises in an- 
hydrous needles, soluble in about 940 parts of 
cold water. The barium salt, BaAj-kSHaO; 
calcium salt, CaAj-fQHjO, tables; “potassium 
salt, KA+HgO, needles ; and sodium salt, 
NaA-fHjO, aggregates of needles, dissolve 
readily in water; both acid and salts show 
greenish fluorescence in dilute aqueous solution 
(Cleve, BuU. Soc. chim. 1875, [ii], 24 , 611 ; Witt, 
l.c. ; Mauzelius, l.c.). It is convertible into a- 
cMoronaphthalene-6-sulphonyl chloride (q.v.) 
and l:5-dichIoronaphthaIene (Erdmann, An- 
nalen, 1888, 247 , 353). 

Reactions. — ^Diazotised, it forms the first com- 
ponent of several azo-dyes. It couples -with 
diazotised p-nitraniline, forming both the ortho- 
and the para-azo-dye. From its sparingly 
soluble, yellow, crystalline diazo-compound, a- 
naphthol-b-sidphonic acid may be obtained. 
Digestion with concentrated caustic soda solu- 
tion at 260° converts it into l-amino-5-naphthol. 
By the Bucherer reaction, a-napliihol-5-sulplionic 
acid can be obtained in 85% yield (Kogan and 
VoL. Vin.— 20 
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Nikolaeva, J. Appl. Chem. Russia, 1938, 11, 
652). By sulphonation -with 36% anhydro-acid 
at 90-120°, it yields a-naphthijlamine-2:5:l- 
tiisidphonic acid, the intermediate 5:7-disul- 
phonic acid being obtained by sulphonation of 
its acetyl derivative with 30% anhydro-acid in 
the cold, and subsequent deacctylation. On 
bromination it gives, besides a non-diazotisable 
bromo-compound, 2:‘k-dibromo-a-naphthylamine- 
5-sulpJionic acid (Heller et. al., Z. angew, Chem., 
1930,43,1132). 

(v) a-Naphthylamine-O-sulphonic Acid 
(Gleve's [p-^acid; Erdmann's [p-]aci(i), formed 
when a-naphthylaminc-4-sulphonic acid or 6- 
sulphonic acid is heated -with sulphuric acid at 
126-130°, for many hours (Erdmann, Annalen, 
1893, 275, 200), is prepared by reduction of 
a-nitronaphthalone-6-sulphonic acid by am- 
monium sulphide or by iron and dilute sul- 
phuric acid (Cleve, Ber. 1887, 20, 74). 

Preparation. — ^Tho product obtained by ni- 
trating naphthalcno-j3-sulphonic acid, which 
consists almost entirely of a mixture of the a- 
nitronaphthalcnc-6- and -7-sulphonic acids (q.v.), 
after dilution -with water, is neutralised by lime 
and the filtrate, rendered acid by acetic acid in 
small quantity, reduced at the boiling-point by 
soft-iron borings. The resulting solution is then 
freed from iron by milk of lime, concentrated, 
and either treated with sodium carbonate to 
obtain the greater part of the 7-isomer as 
sparingly soluble sodium salt, or the mi.xcd 
Clove acids precipitated from the concentrated 
solution by hydrocldoric acid. 

For many azo-dyes, mi.xcd 1:6- and l;7-ncids 
are used. If the pure acids are required, then, 
according to Fierz-David, enough magnesite is 
added to the diluted nitration melt to combine 
■with the calculated amoimt of sidphonic acid 
present, the excess of sulphuric acid neutralised 
by lime, and the reduction carried out as just 
described. "l^Ticn the boiling liquid has become 
colourless, it is neutralised by the addition of 
magnesite, and the filtrate after concentration 
to a small bulk precipitated by hydrochloric acid. 
The precipitate, 2-3 daj^ later, is collected on a 
filter (the filtrate being violet owing to the 
presence of hydroxylamino compounds) and 
washed rvith cold water until colourless. As 
much ns 28% of the calculated yield of Clove 
acids may bo lost in this filtrate. The acids, 
now free from impurities, isomers, and disul- 
phonic acids, are converted into sodium salts 
and finely powdered common salt stirred in the 
hot concentrated solution during ono day, to 
effect a complete separation of tho pure sodium 
7-8ulphonato. From tho mother-liquor on 
acidification, a precipitate of tho 6-sulphonic acid 
m nn almost pure state is obtained, tho romain- 
ing impurity being removable by retreatmont 
(H, E. Fiorz-David and L, Blangoy, “Far- 
bonchomio,” 4th ed., p. 129). 

Identification.— The acid, HA-f 2H„0, forms 
needles soluble in 1,000 parts of water at 10°. 
Tho barium salt, BaAa-j-HjO, needles, is only 
sparingly, but the calcium salt, CaAa-f-THjO, 
tablets, potassium salt, KA-(-H 20 , scales, and 
sodium salt, NaA-}-4JHoO, thin tablets, are 
easdy soluble in water (Cleve, Forhandl, 1876 
7, 64; Bull. Soc. chim. 1876, [ii], 26, 447,’ 
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Erdmann, l.c., p. 266). It is convertible into 
a-chloronapMhaUne-S-sulphonyl chloride {?.«.), 
and l:6-dichloronaphthalene (Erdmann, l.c.). 

Reactions . — It couples mth diazotised bases 
and is of importance as the middle or end com- 
ponent of disazo or trisazo-dyes. Erom its 
diazo-compound or by the bisulphite method, a- 
naphthol-6-svlphonic acid may be obtained. 
Eusion with caustic alkali converts it into 1- 
amino-Q-naphthol. By sulphonation with 10% 
anhydro-acid it yields a-naphthylamine-i-.G- 
disulphonic acid. 

(vi) a-NaphthYlamine-7-sulphonic Add 
(Cieve’s [j8-] or '[8-]ac!£Z; Cleve’s acid) obtained 
by the reduction of a-nitronaphthalene-7- 
sulphonic acid (Cleve, Ber. 1888, 21, 3264; 
Erdmann, Annalen, 1893, 275, 272), or by boiling 
a-naphthylamine-2:7-disulphonic acid with 80% 
sulphinic acid (KaUe, G.P. 62634), or from a- 
naphthol-7-sulphonio acid by the bisulphite 
method (Badische, G.P. 117471; B.P. 1387, 
1900). 

Preparation . — ^This acid is obtained, mixed 
with about an equal amount of the 6-sulphonic 
acid iq.v.) by reduction of the nitration product 
of naphthalene-^-sulphonic acid and easily 
separated frpm its isomer owing to the sparing 
solubility of its sodium salt in brine. 

Identificaiion . — ^The acid, HA-fHjO, forms 
scales soluble in 220 parts of water at 25°. The 
barium salt, BaAj, needles, is only sparingly, 
but the calcium salt, CaA 2 -f- 2 H 20 , potassium 
salt, scales, and sodium salt, NaA-f-JHjO, 
needles, are easily soluble in water (Cleve, l.c.). 
It is convertible into a-chloronaphthalene-i- 
sulphonyl chloride (q.v.) and 1:1 -dichloronaphtha- 
lene (Armstrong and Wynne, Proc. C.S. 1889, 
6, 49), 

Reactions . — ^It couples with diazotised bases, 
and is of much importance as the middle or end 
component of many disazo- and trisazo-dyes. 
Erom its diazo-compound or by the bisulphite 
method, a-naphthol-1 -sidphonic acid may be 
obtained. Digestion with 60% caustic soda 
solution at 250° converts it into l-amnio-l- 
naphthol. By sulphonation with 25% anhydro- 
acid at 50° it yields a-naphthylamine-i-.l-disul- 
phonic acid. 

(vii) a-Naphthylamine-8-sulphonic Acid 
{Schollkopf acid : usually known as peri-acid) is 
obtained by reduction of a-nitronaphthalene-8- 
sulphonic acid in acid solution with iron (SchoU- 
kopf, G.P. 40571 ; B.P. 16775, 1885) ; it is also 
formed when sodium l:8-naphthasultam-2:4- 
disulphonate is digested with 20% hydrochloric 
acid at 160° (Dressel and Kothe, Ber. 1894, 27, 
2140). 

Preparation . — ^Naphthalene is sulphonated to 
naphthalene-a-sulphonic acid by being stirred 
into sulphuric acid and allowing the temperature 
to rise not above 65°. The mass is then nitrated 
to a mixture of a-nitronaphthalene-5- and -8- 
sulphonic acids to which, after diluting with 
water, is added enough magnesium or am- 
monium sulphate to form the salt of the 
sulphonic acid and then lime to remove the sul- 
phuric acid as gjqjsum. The solution of nitro- 
naphthalenesulphonate (magnesium or am- 
monium salt) is then reduced by making faintly 
acid, nmning into a boiling water suspension of ! 


iron borings with ferrous sulphate as catalyst, 
and precipitating soluble iron by adding the 
appropriate alkali (magnesia or ammonia). 
The fitered solution now contains the mixed 
a-naphthylamine-8- and -5-sulphonic acids (peri- 
wad Laurent acids respectively) as soluble salts 
(the sodium salt of peri-acid is too sparingly 
soluble for this process). The two acids are 
separated by taking advantage of the fact that 
on acidification the peri-acid is precipitated 
before the Lamrent acid. The amount of acid 
to be added to precipitate only the former can 
be controlled by pH measurement (Du Pont, 
U.S.P. 1912639 ; Tinker, B.P. 389098 ; , Nat. 
Aniline and Chem. Cop). U.S.P. 1996822). The 
precipitated peri-acid is filtered off and from the 
filtrate Laurent acid is isolated in an impure 
form by completing the acidification. 

Identification . — ^The acid, HA-f-HgO, forms 
needles soluble in 4,800 parts of water at 21° 
or in 238 parts of boiling water ; the potassium 
salt, KA, scales, soluble in 280 parts of water at 
19° or in 67 parts at 100° ; the sodium salt, 
NaA, scales or tables, soluble in 886 parts of 
water at 24° or in 375 parts at 100° (Erdmann, 
Annalen, 1888, 247, 320). It is convertible into 
a-chloronaphthalene-8-sulphonyl chloride (q.v.) 
and l:8-dichloronaphthalene (Armstrong and 
Wynne, Proc. C.S. 1895, 11, 84). 

Reactions . — It couples with diazotised bases, 
and has been used as middle or end component 
in azo-dyes. Erom its sparingly soluble diazo- 
compound naphthasultone (the anhydride of 
a-naphthol-8-sulphonic acid) can be obtained. 
Digestion with water at 200° converts it into 
a-naphthol-8-sulphonic acid, and with 9% caustic 
soda solution at 220-260° into l:8-dihydroxy- 
naphthalene, but fusion with caustic alkali at 
200° fiunishes l-amino-8-naphthol. By de- 
hydration with phosphorus oxychloride at 130", 
it jdelds the anhydride, naphthasultam, and with 
40% anhydro-acid at 80-90° naphthasultam- 
2:A-disulphonic acid is formed, but with 10% 
anhydro-acid in the cold sulphonation alone 
occurs, a-naphthylamine-4::8-disulphonic acid 
being the product. If pen'-acid is stirred with 
excess of concentrated sulphuric acid for several 
horns at 76-80° it is converted into naphthionic 
acid (Wahl and Vermeylen, Compt, rend. 1927, 
184, 334). 

II-Phenyl-a-naphthylamine-8-sulphonic Acid 
{phenyl-peri-acid) is obtained when a-naphthyl- 
amine-8-sulphonic acid (1 part) is heated with 
a nilin e (3-5 parts) and aniline hydrochloride 
(1 part) .at 160-170° for 10 hours (Bayer, G.P. 
70349 ; 71168 ; B.P. 7337A, 1892)— iodine can 
also be used as catalyst (Hodgson and Marsden, 
J.S.C.I. 1939, 58, 164^159) — or when the acid 
sodium salt of a-naphthylamine-4:8-disulphonic 
acid (1 part) is heated with aniline (4 parts) at 
180° for 30 hours (Aktienges., G.P. 158923 ; 
B.P. 15624, 1904). The product, after being 
rendered alkaline, is freed from aniline by distil- 
lation with steam and the phenylated acid 
precipitated by hydrochloric acid, or salted out, 
or used in solution without isolation. The acid 
is only sparingly, but the sodium salt easily 
soluble in water. It couples with diazotised 
bases forming monoazo-dyes. It is used in the 
important azo-dye Coomassie Navy Blue 2RN. 
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a-NAPHTHYLAMINBDISlTLPHONIO AOIDS. 

(i) a - Naphthylamine - 2:4 - disulphonic 
Acid is obtained •when a-naphthylaniine-2:4:6- 
trisulphonic acid is reduced electrolytically, or by 
sodium amalgam (Bayer, G.P. 248527 ; 251099 ; 
256724; B.P. 28172; 28173, 1911) or, mixed 
with the 4-aulphonic acid in small amoimt, 
when a-nitronaphthalene is heated ■with sodium 
bisulphite solution at 100° (Hochst, G.P. 92082). 
Its sodium salt is easily soluble in "water. 

Beactions. — ^Its diazo-compound yields naph- 
thalene-l:d-disttlpJionic add by elimination of the 
amino-group, and 2:4i-di‘nilro-a-naphihol "when 
■warmed ■with dilute nitric acid (Hochst, l.c.). 
Fused with caustic alkali, it furnishes l-amino-2- 
naphtliol-i-stdplionic add, whilst its diazo- 
compound, oxidised by hj^ochlorite in sodium 
bicarbonate solution, furnishes the diazo-oxido 
of this acid (Badische, G.P. 160536 ; B.P. 4997, 
1904). 

(ii) a- Naphthylamine - 2:5 - disulphonic 
Acid is obtained from a-naphthylamine-2-aul- 
phonic acid by sulphonation with 10% anh3'dro- 
acid in the cold (Landshoff, G.P. 56563 ; B.P. 
6195, 1890). It is easily soluble, but its acid 
salts are only very sparingly soluble in water. 

Beactions. — It yields napltihalene-liG-disul- 
plionic add by elimination of the amino-group, 
and a-naphihylamine-5-sulplionic add by partial 
hj'drol3'sis uuth dilute sulphuric acid at 160° 
(Tobias, Ber. 1890, 23, 1631 ; Landshoff, l.c.). 
Digestion with 60% caustic soda solution at 
240-270° furnishes l-amino-5-naphthol-2-sul- 
phonic add. By sulphonation with 40% an- 
hydro-acid at 120° it is converted into a- 
naphthylamine-2:5:l-lrisulphonic add. 

(iii) a - Naphthylamine - 2:6 - disulphonic 
Acid, stated to be obtained when o-naphthyl- 
amine-2;4:6-trisulphonic acid is heated "with 
mineral acids, has not been described (Bayer, 
G.P.a. 31910). 

(iv) a - Naphthylamine - 2:7 - disulphonic 
Acid, obtained by partial hydrolysis of o- 
naphthylamine - 2:4:7 - trisulphonic acid "v^dth 
water at 230° under pressure (Kalle, G.P. 62634), 
is also formed when a-naphthylamine-2:6:7-tri- 
sulphonic acid is desulphonated either by sodium 
amalgam in the cold (Bayer, G.P. 255724 ; B.P. 
28172, 1911) or by boiling it "with zinc dust and 
dilute caustic soda solution (Kalle, G.P. 233934). 
It ciystalUses in needles ; its barium salt is very 
sparingly soluble in water, and solutions of its 
alkali salts show bluish-green fluorescence 
(Kalle, G.P. 62634). 

Beactionf. — ^It yields a-naphthol-2-J -disul- 
phonic add by the diazo-reaction, naphthalene- 
2‘Jl -disulphonic add by elimination of the amino- 
group, and a-naphthylamine-1 -sulphonic add by 
heating it "with dilute sulphuric acid or water 
tmder pressure (Kalle, l.c.). 

(y) a- Naphthylamine - 2:8 - disulphonic 
Acid is obtained from naphthasultam-2:4- 
disulphonic acid by partial hydrolysis "^vith 40% 
sulphuric acid at 110° (Cassella, G.P. 75710). 
It crystallises in moderately soluble long needles ; 
tne solutions of its alkali salts show green 
fluorescence. 

Beactions. — ^With nitrous acid (1 mol.) it does 
not give a reactive diazo-compound, but it 
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couples with diazotised bases forming azo-dyes. 
Fusion with caustic soda converts it into 1- 

amino-8-naph(hol-2-sulphonic add. 

(vi) a - Naphthylamine - 3:6 - disulphonic 
Acid is formed by sulphonating a-naphth3d- 
amine-3-sulphonic acid with 4 times its weight 
of 20% anhydro-acid in the cold. 

Identification. — The acid potassium salt, 
KHA-k2H„0, forms short needles convertible 
into a-chloronaphthalene-2:5-disulphonyl chloride, 
m.p. 130°, and l:3:5-trichloronaphthalcne (Arm- 
strong and Wynne, Proc. C.S. 1895, 11, 240). 

(vii) a- Naphthylamine - 3:6 - disulphonic 
Acid (Aldn's [a-Jacid; Freund's add) is obtained 
b3' reduction of a-nitronaphthnlenc-3:6-disul- 
phonic acid (Alen, Forhandl, 1883, 8, 3 ; Freund, 
G.P. 27346 ; B.P. 1069, 1883 ; Armstrong and 
Wynne, Proc. C.S. 1895, 11, 82), or by boiling 
a-nnphthyIaminc-3:6:8-trisulphonic acid with 
zinc dust and dilute caustic soda solution (Kalle, 
G.P. 233934 ; Ostroshinskaja, Anilinokras Prom. 
1935, 5, 138-143). 

Preparation. — ^Tho nitration product of sodium 
naphthalone-2:7-disulphonato diluted with water 
is reduced by soft-iron borings, tho iron and 
excess of sulphuric acid removed by lime, and tho 
filtrate, after precipitation b3' sodium carbonate, 
acidified and evaporated to obtain the acid 
sodium salt. 

Identif cation. — ^The acid forms needles, -and, 
like the barium, BaA-}-4H20, and calcium, 
CaA-f 6HoO, tablets, also tho add potassium, 
KHA-t-SbfoO, and add sodium, NaHA-f3HoO 
salts, needles, is easily soluble in water (Alen, 
?.c.). It is convertible into a-chloronaphthalcnc- 
3:0-disulphonyl chloride, and l:3:D-trichloro- 
naphthalene (Armstrong and Wynne, l.c.). 

Reactions. — From its diazo-compound, a- 
naphthol-3:3-disulphonic add can bo obtained. 
This acid is also formed when it is digested with 
water at 180°, but when it is boiled "with '<5% 
caustic potash solution tho product is a mixture of 
tho \-amino-3-naphlhol-3-sulphonicand l-amino- 
G-naphthol-3-sulphonic adds. Digestion with 
ammonia at 180° converts it into l:3-diami«o- 
naphthalenc-G-sulphonic add, and with aniline 
(or p-toluidino) at 150-100° into diphenyl- 
(or di-p- tolyl-) -1:3- diaminonaphthalcnc-G-sul- 
phonic acid). 

It has been used for tho iireparation of tr3*- 
panocidal substances (Bayer, G.P. 288273). 

(yiii) a- Naphthylamine - 3:7- disulphonic 
Acid {AUn's [f-'jadd), prepared by reduction of 
a-nitronaphthnlono-3:7-disulphonic acid (Freund, 
G.P. 27346; B.P. 1069, 1883; Cassella, G.P. 
67007; 68352; Levinstein, B.P. 2682, 1891) is 
also formed when a-naphthylamino-3:6-7-tri- 
Bulphonic acid is desulphonated cither bj" sodium 
amalgam in tho cold (Bayer, G.P. 255724 ; B.P. 
28172, 1911) or by boiling it with zinc dust and 
dilute caustic soda solution (Kalle, G.P. 233934). 

Identification. — It is easily soluble in water, 
and, like its salts, shows blue fluorescence in 
solution. Tho barium salt, BaA-fHjO, cuZ- 
cium salt, CaA-|-2H20, and acid potassium 
salt, KH A, form sparingly soluble needles (Alda. 
Forhandl. 1883, 8, 26). 

Beactions. — ^From its diazo-compound a- 
naphthol-3:7 -disulphonic add can bo obtained. 
This acid is also formed when it is digested witli 
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water at 180°, but with 40% caustic soda solu- 
tion at 200° the product is a mixture of l-amimo- 
l-naphtholS-sulpJionic acid with an isomeric acid 
(Cassella, G.P. 57007). Digestion with ammonia 
at 180° converts it into l:3-diamivonaphthalene- 
l-sulplionic acid, and with aniline (orp-toluidine) 
at 160-160° into dipTienyl-(ov di-p-tolyl)-l:3- 
diaminonaphlhalene-l-sulphonic acid. 

(ix) a - Naphthylamine - 3:8 - disulphonic 
Acid ([e-lacid) is obtained by reduction of a- 
nitronaphthalene-3:8-disulphonic acid in acid 
solution at the boiling-point by iron borings or 
on the small scale hy zinc dust (c/. Paul, Z. 
angew. Chem. 1896, 9, 662). 

Preparation . — ^The mixture of this acid with 
a-nitronaphthalene-4:8-disulphonic acid, and 
some jS-nitronaphthalenedisrdphonic acids, ob- 
tained by nitrating a disulphonation melt con- 
taining the naphthalene-l:5-and-l:6-(ii8ulphonic 
acids, is diluted with water, neutralised hy lime, 
acidified shghtly by sulphuric acid, reduced hot 
by soft-iron borings, again neutralised by lime 
and the filtrate converted into sodium salt. 
After concentration of the filtrate to a small bulk, 
the 4:8-disulphonic acid separates from the solu- 
tion in the course of several days as the normal 
sodium salt, the more soluble 3:8-salt being 
retained in the mother-liquor from which it is 
precipitated as acid sodium salt by the addition 
of hydrochloric acid. The final mother-hquor 
contains the highly soluble sodium /S-naphthyl- 
aminedisulphonates (Aktienges., G.P. 46776; 
B.P. 4626, 1888 ; Ewer and Pick, G.P. 52724 ; 
Bemthsen, Ber. 1889, 22, 3328; Schultz, ibid. 
1890, 23, 77). The separation may he acWved 
in the same way with the barium salts but more 
rapidly, as hot solutions may be used (S. Metro. 
Gas Co. and Stanier, B.P. 161859). 

Identification . — The acid, HgA-fSHjO, forms 
very soluble scales. The barium salt, 
BaA-|-4H20, forms needles sparingly soluble, 
and the acid barium salt, BaHgAg-hSHjO, 
microscopic needles almost insoluble in cold 
water; the normal sodium salt, NagA-f-SHgO, 
very soluble, and the acid sodium salt, 
NaHA-f2H20, soluble in about 30 parts of 
cold water, crystaUise in long needles or thin 
prisms (Bemthsen, l.c.). It is convertible into 
a-chloronaphthalene-3:8-disulphonyl chloride {q.v.) 
and l:3:8-trichloronaphthalene (Armstrong and 
Wynne, Pros. C.S. 1890, 6, 16). 

Reactions . — ^It couples with diazotised m- or 
p-nitroaniline (Aktienges., G.P. 170513 ; 174548), 
but not with diazotised aniline (c/. Bayer, G.P. 
75084). From the diazo-compound, naphtha- 
sultohe-3-sulphonic acid, but by prolonged 
boiling with dilute sulphuric acid a-naphthol- 
3:8-disulphonio acid is obtained. This disul- 
phonic acid is also formed when a-naphthyl- 
amine-3:8-disulphonic acid is digested with 
water at 180° ; desulphonation, however, 
occurs, and a-naphthylamine-3-sulph6nic acid 
is the product when it is boiled with 76% sul- 
phuric acid, or with zinc dust and dilute caustic 
soda solution, or is acted on by sodium amalgam 
in the cold. 

Fusion with caustic alkali below 210° furnishes 
\-amino-8-TMphthol-3-sulphonic acid, but when 
it is heated with 9% caustic soda solution at 
260° it 3 delds \-.8-dihydroxynaphthalene-3-sul- 


phonic acid. Digestion with ammorda at 180° 
converts it into h.3-diaminovaphthalene-8-snl- 
phonic acid and with aniline (or p-toluidine) at 
150-160° into dipJienyl-(oT di-p-tolylfihS-di- 
aminonaphthalene-8-sulphonic acid. When sul- 
phonated with 40% anhydro-acid at 80-90°, 
naphthasultamdisulphonic acid-e is the product. 

(x) a - Naphthylamine - 4:6 - disulphonic 
Acid (Dahl’s No. II acid) constitutes about 30% 
of the product obtained by srdphonating a- 
naphthylamine-4-sulphonic acid with 26% 
aiAydro-acid in the cold (see the 4;7-disulphonic 
acid), and is separated by extraction of the 
mixed calcium salts with 85% alcohol in which 
it is soluble (Dahl, G.P. 41597). 

It is formed when a-naphthylamine-6-sul- 
phonic acid is sulphonated with 10% (CasseUa, 
G.P.a. 4021) or 25% anhydro-acid (Bayer, G.P.a. 
7016; B.P. 16223, 1893) or when a-naphthyl- 
amine-4:6:8-trisulphonio acid is boiled for some 
hours with zinc dust and dilute caustic soda 
solution (KaUe, G.P. 233934), or when the bisul- 
phite method of amination is applied to a- 
naphthol-4:6-disulphonic acid (Ba&che, G.P. 
117471 ; B.P. 1387, 1900). 

Identification . — ^The calcium salt, CaA-t-SHgO, 
forms needles soluble in 85% but insoluble in 
96% alcohol (Erdmann, Annalen, 1893, 275, 
219), and, like the potassium and sodium salts, 
is very soluble in water ; the acid sodium salt, 
needles, is soluble in about 6 parts of water at 
20° (Dahl, l.c.). It is convertible into a-chloro- 
naphthalenc-i-.Q-disulphonyl chloride, m.p. 126- 
127°, and hiiQ-trichloronaphthalene (Armstrong 
and Wj^e, Proc. C.S. 1890, 6, 126). 

Reactions . — It couples with diazotised bases. 
Prom its moderately soluble diazo-compound 
or by the bisulphite method a-naphthol-4:-.8-disul‘ 
phonic acid can be obtained. Fusion with 
caustic soda at 180-200° converts it into 1- 
amino-8-naphthol-4c-sulphonic acid, and at 200- 
220° into l:8-dihydroxynaphthalene-i-sulphonic 
acid. Heated with aniline (or p-toluidine) at 
180°, it forms phenyl-(oT ■p-tolyl-)a-naphthyI 
amine-6-sulphonic acid by elimination of the 4- 
Bulphonic group. By sulphonation with 35% 
anhydro-acid at 80-90° a-naphthylamine-2:4::6- 
trisulphonic acid is obtained. 

(xi) a - Naphthylamine - 4:7 - disulphonic 
Acid (Dahl’s No. Ill acid) is obtained, mixed 
with about 30% of the No. II acid (see the 4:6- 
disulphonio acid), by adding sieved a-naphthyl- 
amine-4-sulphonic acid slowly to 3-6 times its 
weight of 26% anhydro-acid below 30° and 
stirring for 2-3 days, or until 6 drops of the 
melt added to 10 c.c. of water give a solution 
which remains clear at the end of 6 hours. The 
product converted into dry calcium salt and 
powdered is extracted with 10 times its weight 
of 86% alcohol to remove No. II salt, the 
residue being No. Ill salt (Dahl, G.P. 41957). 

It is also formed when a-naphthylamine-7- 
sulphonic acid is sulphonated with monohydrate 
at 100-160° (Cassella, G.P.a. 3939), or 25% 
anhydro-acid at 60-60° (Bayer, G.P.a. 6550; 
B.P. 16223, 1893) ; or when l:8-dmitronaphtha- 
lene is digested with 40% sodium bisulphite 
solution and 26% ammonia solution at 80-90° 
for 8 hours, the filtrate stirred with about one- 
third of its weight of concentrated hydrochloric 
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acid for half a day to decompose the sulphamino- 
acids -which residt, and the separation recrystal- 
lised from -water in -which the 4:7-disu]phonic 
acid is only sparingly, but the 2:4:7-tri3ulphonic 
acid so easily soluble as to need salting out from 
the solution (Hochst, G.P. 215338) ; or -when 
the bisulphite method of amination is applied 
to sodium a-naphthol-4:7-disulphonate (Badische, 
G.P. 117471 ; B.P. 1387, 1900). 

Identification. — ^Theiianw»i salt, BaA, needles, 
and calcium salt, CaA-fHjO, are sparingly 
soluble in -water ; the potassium salt, 
KjA-i-SHsO, efflorescent prisms, and sodium 
salt, NagA-fSHjO, efflorescent needles, arc 
rea^y soluble in water; the acid sodium salt, 
needles, is soluble in 140 parts of water at 20°, 
or 20 parts at the boiling-point, but like the cal- 
cium salt, is insoluble in 85% alcohol (Dahl, 
l.c. ; Erdmaim, Annalen, 1893, 275, 220). The 
solutions of the acid and salts show blue 
fluorescence. It is convertible into a-cTiloro- 
naphthaleneA'.I-disulphonyl chloride, m.p. 107°, 
and hi-.G-trichloronaphtlialcne (Armstrong and 
Wynne, Proc. C.S. 1890, 6, 17). 

Reactions. — ^It couples with diazotised bases. 
From its diazo-compound or by the bisulphite 
method, a-napMhol-dil-disxdphonic acid can bo 
obtained. Heated -with aniline (or ^-toluidinc) 
at 180°, it forms phenyl-{oT ■p-tolyl-)a-naphthyl- 
amine-l-sulphonic acid by elimination of the 4- 
sulphonic group. By sulphonation with 35% 
anhydro-acid at 80-90° it yields a-naplithyU 
mine-2:^:l-irisidplionic acid. 

(xii) a - Naphthylamine - 4:8 • disulphonic 
Acid ([8-]acid; disidpho-acid-S) is formed from 
a-naphthylamine-8-sulphonic acid by sulphona- 
tion with 3 times its weight of 10% anhydro-acid 
at first in the cold and aftenvards at 100° 
(SchoUkopf, G.P. 40571; B.P. 15776, 1885); 
also, mixed -with the 6:8-disulphonic acid, when 
acet-a-naphthaIide-8-sulphonic acid is sid- 
phonated -with 25% anhydro-acid in the cold, 
the product deacetylated by boiling -with water, 
and the sodium salt separated from the more 
soluble 6:8-isomer by fractional crystallisation 
(Bayer, G.P. 75084). From the o-naphthol- 
4:8-disulphonic acid it can be obtained by the 
bisulphite amination method (Badische, G.P. 
117471 ; B.P. 1387, 1900). 

Preparation. — It is obtained by reduction of 
a-nitronaphthalene-4:8-disulphonic acid, and is 
present therefore, -with the 3:8-disiJphonic acid 
\q.v.), in the product formed when the sul- 
phonation melt containing naphthalene-1 :6- and 
l;6-disulphonic acids is nitrated, and the nitro- 
acids are reduced (Aktienges., G.P. 45776; 
B.P. 4625, 1888; Bemthsen, Ber. 1889, 22, 
3327 ; Paul, Z. angew. Chem. 1896, 9, 563). 

Identification. — The normal sodium salt, 
N32^+2H20, forms needles readily soluble in 
water (Bemthsen, Ber. 1890, 23, 3090, footnote) ; 
the acid sodium salt scales sparingly soluble in 
cold water. It is convertible into a-chloronaph- 
thalene-4:8-disulphonyl chloride {q.v.) and 1:4:5- 
trichloronaphthalene (Armstrong and Wvnne 
Proc. C.S. 1890, 6, 126). ’ 

Beactions. — ^It couples easily -with diazotised 
bases. From the diazo-compmmd, or by the 
bisfflphite method, a-naphthol-4:8-disulphonic 
acid can be obtained. Fusion -with caustic soda 


309 

at 200° converts it into the important 1-amino- 
8-naphthol-4-sidphonic acid, but digestion -with 
60% caustic soda solution at 260° fimiishes 1:8- 
dihydroxynaphthalene-4-snlphonic acid. 

When heated -with aniline (or ^-toluidine) at 
180° it pelds phenyl-[or ■p-iolyl-)-a-naphthyl- 
amine-B-sulphonic acid by elimination of tho 4- 
snlphonic group, but this group is retained and 
the S-sulphonie group removed, a-naphthylamine- 
4-sidphonic acid being the product, when desul- 
phonation is effected by sodium amalgam in tho 
cold, or by zinc dust and dilute caustic soda 
solution at tho boiling-point. By sulphonation 
-with 40% anhydro-acid, it forms naphihasidtam 
2:4-disulphonic acid. 

(xiii) a-Naphthylamine - 5:7 - disulphonic 
Acid is obtained when a-naphthylaraino-6- 
stilphonic acid (1 part) after acetylation, is 
mixed with 30% nnhj'dro-acid (8 parts), or 
acet-a-naphthabdo (1 part) with 35% anhydro- 
acid (6 parts) at 0-5°; tho mixture kept at 
20-30° for 15-20 hours until a sample, boiled 
with water, shows no separation of monosul- 
j phonic acid in the cold ; and tho product, after 
dcacetylation by boiling tho melt ndth water 
(10 parts), converted into acid sodium salt bj- 
satiu-ating tho hot solution with common salt 
(Badische, G.P. 69555). Tho acid sodium salt, 
NaHjAg-f BHoO, needles, is verj’ soluble but 
tho acid barium salt almost insolublo in cold 
water. 

Iteaclions . — ^In alkaline solution it couples 
readily with diazotised bases. From its diazo- 
compound or by tho bisulphite method, a- 
naphihol-Bil-disidphonic acid can bo obtained. 
Digestion with 75% caustic soda solution at 170- 
180° converts it into l-amino-5-naphthol-l- 
sxdphonic acid. By sulphonation with 40% 
anhydro-acid at 120-130°, it gives a-naphlhyl- 
amine-2:l}-l-trisidphonic acid. 

(xiv) a-Naphthylamine - 5:8 - disulphonic 
Acid is obtained from a-nitronaphthalcnc-5:8- 
disulpfaonic acid by reduction in acid solution. 
Tho product, converted into sodium salt, gives 
in concentrated solution a precipitate of the acid 
sodium salt on acidification. Both tho acid and 
tho acid sodium salt, NaHA-fliHjO, form 
needles very sparingly soluble in" water, but 
easily soluble in allcaUs, gimng greenish-yellow 
solutions (Bayer, G.P. 70857 ; Gattormonn, Bor. 
1899, 32, 1166). 

Beactions . — ^It couples easily with diazotised 
bases. From its diazo-compound naphthalene- 
l:4:8-trisidphonic acid and napthasuUone-5- 
sulphonic acid can bo obtained, and by tho 
bisulphito method it yields tho corresponding 
a-naphthol-5:8-disidphonic acid. Digestion with 
75% caustic potash solution at 150-160° con- 
verts it into l-amino-8-naphthol-5.sidphonic acid, 
but with 60% solution at 260° into h8-dihydroxy- 
naphthalcne - 4 - sulphonic acid. With sodium 
amalgam, a-naphthylamine is obtained (Gattor- 
mann, Z.c.). By sulphonation with 40% an- 
hydro-acid at 80-90° it forms naphthasultam- 
disulphonic acid-D. 

(XV) a- Naphthylamine -6:8- disulphonic 

Acid can bo obtained from a-naphthylamino- 
4:6:8-trisulphonic acid by boiling with 76% 
sulphuric acid (Kalle, G.P. 83146); and is 
formed together with tho 4:8-diBulphonic acid 
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when acet-a-naphthalide-8-sulphonic acid is ' 
suiphonated with 25% anhydro-acid at the 
ordinary temperature, and the product hoded 
with water. The sodium salt is much more 
soluble than that of the 4:8-disulphonic acid, 
and, after removal of the latter by crystallisation 
from the concentrated solution, is separated as 
acid sodium salt from the filtrate by acidifica- 
tion. The salts in solution show green fiuorea- 
cence; the acid sodium salt, NaHA, needles, 
is easily soluble (Bayer, G.P. 76084). 

Reactions. — ^It couples easily with diazotised 
bases. From its very soluble diazo-compound, 
naphtJiasuUone-Q-sulplionic acid, and by elimina- 
tion of the amino-group, naphthalene-l:S-disul- 
phonic acid can be obtained. Digestion with 
60% caustic potash solution at 180-200° con- 
verts it into l-amino-S-naphthol-Q-sulphonic acid. 

0-NAPHTHYI-AMINETEISUI.PHOinO ACIDS. 

(i) a-Naphthylamine • 2;4;6 - trisulphonic 
Acid is formed when a-naphthylamine-6-sul- 
phonic acid, or 4:6-disulphonic acid, is heated 
with 25% anhydro-acid (3'5 parts) at 50-60°, 
and afterwards with 70% anhydro-acid (1 part) 
at 80-90°. The acid sodium salt forms needles ; 
it shows blue fluorescence in solution (Bayer, 
G.P.a. 7016 ; B.P. 16223, 1893). 

Reactions. — It does not couple with diazotised 
bases (Bayer, i.c.). Heated with mineral acids 
it is converted into a-naphthylamine-2:6-disul- 
phonic acid (Bayer, G.P.a. 31910), but with 
sodium amalgam in the cold it gives a-naphthyl- 
amine-2x4:-disulphonic acid. 

(ii) a-Naphthylamine - 2:4:7 -trisulphonic 
Acid, — To obtain this acid, a-naphthylamine-4- 
sulphonic acid is heated with 40% anhydro-acid 
at 120° (Hochst, G.P. 22645; B.P. 2178, 1882; 
c/. Armstrong and Wynne, Proo. C.S. 1890, 6, 
125), or a-naphthylamme-7-sulphonic acid (or 
4:7-disulphonio acid) is heated with 25% 
anhydro-acid (3-5 parts) at 50-60°, and after- 
wards with 70% anhydro-acid (1 part) at 80-90° 
(Bayer, G.P.a. 6560 ; B.P. 16223, 1893 ; Frisch, 
Helv. Chim. Acta, 1930, 13, 768). It is also 
formed when l:8-dinitronaphthalene is heated 
with sodium bisulphite solution and ammonia 
at 80-90°, and after removal of the less soluble 
sodium a-naphthylamine-4:7-disulphonate {y.v.) 
by crystallisation, the 2:4:7-trisulphonate is 
separated from the mother-Uquor by salting out 
(Hochst, G.P. 216338). The acid sodium salt 
forms small needles, shows blue fluorescence in 
alkaline solution, and does not couple with di- 
azotised bases. 

Reaciions. — From its diazo-compound, a- 
naphthol-2-.4::l -trisulphonic acid, and by elimina- 
tion of the amino-group, naphthalene-l:2:Q- 
trisulphonic acid are obtained. By digestion 
with water at 230° it yields a-naphthylamine-2-.'l- 
disulphonic acid, but when boiled with 75% sul- 
phuric acid, the 1-monosulphonic ac,id. 

(iii) a- Naphtylamine - 2:6:7 - trisulphonic 
Acid is obtained when a-naphthylamine-6- 
sulphonic acid is suiphonated with 35% anhydro- 
acid at 90—120° (Cassella, G.P. 188505), or when 
a-naphthylamine-2:5- or -6:7-disulphonio acid is 
suiphonated with 40% anhydro-acid at 120- 
130° (Bayer, G.P.a. 7001 ; B.P. 1714Lb, 1893). 
Its acid disodium salt, isolated from the diluted 


sulphonation product by salting out, forms 
needles easily soluble in water, and, like the acid, 
shows green fluorescence in solution. 

Reactions. — Digestion with 60% caustic potash 
solution at 180-200° converts it into l-amino-5- 
naphthol - 2:7 - disulphonic acid. When desul- 
phonated either by sodium amalgam in the cold 
or by boiling with zinc dust and dilute caustic 
soda solution it yields a-naphthylamine-2:l -disul- 
phonic acid. 

(iv) a-NaphthyIamine-3:5:7-trisulphonic 
Acid is prepared by reduction of a-nitronaph- 
thalene-3:5:7-trisulphonic acid (CasseUa, G.P. 
75432). Its salts are easily soluble and in 
solution show green fluorescence. 

Reactions. — ^From its diazo-compound naphtha- 
lene-l:3:7-trisulphon{c acid and a-naphthol-3:5:7- 
trisulphonic acid can be obtained. Fusion with 
caustic soda at 160-170° converts it into 1- 
amino-B-naphthol-S’.T -disulphonic acid. When 
desulphonated either by sodium amalgam in the 
cold or by boding with zinc dust and dilute 
caustic soda solution it gives a-naphthylamine- 
3x7 -disulphonic acid. 

(v) a- Naphthylamine- 3:6:8 -trisulphonic 
Acid, obtained by reduction of a-nitronaphtha- 
lene-3;6:8-tri8ulphonic acid (Koch, G.P. 66058 ; 
B.P. 9258, 1890), is also formed when sodium 
a-nitronaphthalene-3:8-disulphonate is warmed 
with sodium bisulphite solution (Fischesser, 
G.P. 76438 ; B.P. 7046, 1894). 

Preparation. — The product obtained by 
nitrating the trisulphonation melt consisting 
largely of naphthalene-l:3:6-trisulphonio acid, 
after dilution wth water, is neutralised by lime, 
converted into sodium salt and the filtrate after 
acidification reduced hot by iron borings. After 
removal of the iron, the filtrate is concentrated, 
saturated with salt, and acidified, whereby a 
complete separation of the 3:6:8-trisulphonic 
acid as acid sodium salt is achieved, the mother- 
liquor containing nothing of any technical value 
(Heumann, “ Amlinfarben,” 1898, ii, 539). 

Identification . — ^The acid disodium salt, 
Na^HA, forms needles, and the normal sodium 
salt, NagA-bSHjO, scales (Dressel and Kothe, 
Ber. 1894, 27, 2147). The solubilities of the 
acid and some of its salts in water at 18° 
are: the acid HgA-fSHgO, hair-fike needles, 
1:0-5 (1:8 in alcohol); NagA-f-SHgO, 1:3; 
Na2HA-f4H20, 1:16 (sparingly soluble in brine 
and in dilute hydrochloric acid); KgA-f-HgO, 
1:4; CagAg, 1:3. The di-aniline salt melts 
at 312° (Forster and Mosby, J.S.C.I. 1928, 47, 
157 t). 

Reactions. — From its diazo-compound, naph- 
thalene-\x3xG-trisulphonic acid (Dressel and 
Kothe, I.c.) and naphthasultone-3x6-disulphonic 
acid can be obtained. Digestion with water at 
180-250° converts it into a-naphthol-3x6x8-trisul- 
phonic acid, and with 30-40% caustic soda solu-. 
tion at 210° into l-amino-8-naphthol-3x6-disul- 
phonic acid (H acid) . 

Digestion with ammonia at 160-180° furnishes 
lx3-diaminonaphthalcne-Qx3-disulphonic acid, and 
with aniline (or i>-toluidine) at 150-160° diphenyl- 
(or di-p-tolyl-)lx3-diaminonaphthalene-6x3-disul- 
phonic acid. By sulphonation with 26% an- 
hydro-acid at 70-80° it yields naphthasultam- 
3x{4:)x6 -trisulphonic acid. When desulphonated 
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by boiling it with zinc dust and dilute caustic 
soda solution, a-naplithylamine-^iQ-disiilphonic 
acid is the product. 

(vi) a-Naphthylamine-4:6;8-trisuIphonic 
Acid is obtained by reduction of a-nitronapthn- 
lene-4:6:8-trisulpbonic acid (Bayer, G.P.a. 7006 ; 
G.P. 80741; B.P. 17141o, 1893; KaUe, G.P. 
82563 ; B.P. 515, 1894). 

Preparation. — ^Tbe nitration product obtained 
from the naphthalene-l;3:6-trisulphonic acid 
melt, after dilution with water, is neutralised by 
lime, and the filtrate, after acidification, reduced 
hot by iron borings, rendered alkaline by limo 
and converted into sodium salt. According to 
Swiss. P. 118720 the reduction is improved by 
presence of copper or nickel salts. From the 
concentrated solution, the acid sodium salt 
separates on the addition of hydrochloric acid. 

Eeactione. — It does not couple with diazotised 
bases. From its diazo-compound, naphlhahnc- 
l:3:5-irmilphonic acid (KaUe, Z.c.) and naptha- 
sidione-i:6-dis^dphonic acid, which is also formed 
by the bisulphite method, have been obtained. 
Boiled with 75% sulphuric acid it gives a- 
naphthylami}ie-6:8-disulpho7iicacid, and, digested 
with water at 160-220°, a-naphlhol-G-.S-disul- 
phonic acid, the 4-sulphonic group being 
eliminated in both reactions, but when desul- 
phonated by boiling with zinc dust and dilute 
caustic soda solution it is converted into a- 
naphthylaminc-i:G-disidphonic acid. Fusion with 
caustic alkali gives l-amino-8-naphthol-i:G-disul- 
phonic acid (K-acid). 

a-NaphthyIamine-4;6;8-trisulphonic acid, con- 
densed with 2-nitro-p-toluyI chloride, the pro- 
duct reduced, condensed with m-nitrobcnzoyl 
chloride and, after reduction, converted into the 
carbamide by interaction with phosgene, pro- 
vides the trypanocidal drug known ns No. “ 309 ” 
or Bayer-205 (Foumeau, Trefouel, Trcfoucl, and 
Yallee, Ann. Inst. Pasteur, 1924, 38, 81 ; cf. 
Compt. rend. 1924, 178, 675 ; Balaban and Eng, 
J.C.S. 1927, 3068). 

Naphthastjltam Derivatives. 

When warmed with anhydro-acid, a-nnphthyl- 
aminesulphonic acids, in which one of the sul- 
phonic groups occupies tho perj-position 
relatively to the amino-radical, may undergo 
dehydration, forming naphthasultams, in addi- 
tion to further sulphonation. Contrasted with 
the Bultones the stability of the sultanis is 
remarkable. Neither by boiling a sultam with 
caustic alkali solutions nor by heating it with 
ammonia is the anhydride ring attacked, al- 
though disruption of this ring (accompanied 
usually by partial desulphonation) can bo 
effected if mineral acids be employed. These 
naphthasultamsulphonio acids, although not di- 
azotisable, can be coupled with diazotised bases 
provided the 4-position be free. The salts arc of 
two types : 




Those of tj-pe I are colourless, but those of typo 
II are yellow and give yellow solutions, which 
show intense green or yellovrish-green fluores- 
cence. 

Not on!}' naphthasultam, but its N-methyl 
ether, can couple with diazo-compounds, a fact 
which suggests that coupling is not necessarily 
due to the assumption of tho cnolic form 
(Konig and Kohler, Bcr. 1922, 55 [B], 2139). In 
studying the analog}- between naphthasultam 
and a-naphlhol, Konig and Wagner have pre- 
pared a series of naphthasultam derivatives 
(ibid. 1924, 57 [B], 1056). 

Naphthasultamsulphonio acids, containing a 
sulphonic group in position 3, are decomposed 
on heating with an aromatic amino and hydro- 
chloric acid, the — NHR — group replacing tho 
3-sulphonic group (I.G., G.P. 442610). 

(i) Naphthasultam has been obtained from 
a-naphthylamine-S-sulphonic acid by dehydra- 
tion with phosphonis oxychloride. It melts at 
177-178°, and in its behaviour towards chlorine 
presents many analogies with a-napbthol. On 

I nitration, it }’ic]d3 2'.i-dinilfonaphlliasidtam, 
pale yellow prisms soluble in caustic alkalis or 
alkali carbonates but almost insoluble in water 
(Dannerth, J. Amer. Chem. Soc. 1907, 29, 1320 ; 
Bayer, G.lb 210222; cj. Zincko and Jiilichcr, 
Annalcn, 1916, 411, 195 ; Zincko and Schur- 
mann, ibid. 1918, 416, 75). 

(ii) Naphthasul1nm-4-sulphonic Acid, ob- 
tained by the sulphonation of naphthasultam 
with monohydra tc at 45°, crystallises in pale 
red needles easily sohiblc in water. Both tho 
acid and its anilido arc less reactive towards 
diazo-compounds than naphthasidtam (K6nig 
and Kcil, Bcr. 1922, 55 [B], 2149). 

(Hi) Naphthasultam - 2:4 - disulphonic 
Acid-S is obtained when a-naphthylamine-S- 
sulphonic acid or 4:8-disulphonic acid is sul- 
phonated with 25-40% anhydro-acid at 80-90°, 
tho operation being continued until a sample of 
tho product diluted with water neither reacts 
with nitrite nor couples with diazotised bases 
(Bayer, G.P. 79566; B.P. 4979, 1893; 

Aktienges., G.P.a. 3346; B.P. 2984, 1893; 
Dresscl and Kotho, Ber. 1894, 27, 2139). Tho 
corresponding a-naphthylamino - 2:4:8 - trisul - 
phonic acid is unknown. 

Identification. — Tho acid disodittm salt, 
NaoHA-fZHjO, forms colourless needles, 
soluble in water without fluorescence, and 
the trisodium salt, N ag A 8IH ,0, yellow scales, 
easily soluble in water with green fluorescence. 

Peactions. — Fusion with caustic soda at 170- 
180° converts it into l-amino-8-naphtltol~2i4:. 
disulphonic acid. Digestion with 40% sulphurio 
acid at 110° furnishes a-naphthylamine-2i8-disul. 
phonic acid, but with 20% hydrochloric acid at 
140-160° a - naphthylaminc - 8 - sulphonic acid. 
IVhen heated in 50% sulphuric acid solution at 
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76-80° mth nitric acid p 1-2, it is converted 
successively into nitroiia^hthasultamsulphonic 
acid and 2-A-dinitronaplithaMUam (Bayer, 6.P. 
210222). 

(iv) Naphthasultam-3:6-disulphonic Acid 
is prepared by boiling the acid sodium salt of 
naphthasultam-3:(4):6-trisulpbonic acid with 
20% sulpbmic acid. The trisodium salt, 
Na3A+4H20, forms easily soluble, small, 
yellow prisms (Bayer, G.P. 84139 ; Dressel and 
Kothe, Ber. 1894, 27, 2149). 

Eeactions. — ^Fusion with caustic soda at 180° 
converts it into l-amino-8-'naphthol-3:6-disul- 
pTionic acid. When boiled with 60% sulphuric 
acid, it gives a-nap7ithylamine-3:8:8-trisulphonic 
acid. 

(v) Naphthasultamdisulphonic Acid-e is 
obtained by heating sodium a-naphthylamine- 
3;8-disulphonate with 40% anhydro-acid at 80- 
90° (Bayer, G.P. 79666 ; B.P. 4979, 1893). 

(vi) Naphthasultamdisulphonic Acid-D, 
obtained by heating sodium a-naphthylamine- 
6:8-disulphonate with 40% anhydro-acid at 
80-90°, yields l-amino-S-napMholdisulphonic 
acid-D on fusion with caustic soda at 170° 
(Bayer, G.P. 79666 ; 80668; B.P. l.c.). 

(vii) Naphthasultam-3:(4):6-trisulphonic 
Acid is formed when the acid sodium salt of a- 
naphthylamine-3;6;8-trieulphonio acid is heated 
with 26% anhydro-acid at 80° imtil a test no 
longer reacts with nitrite. The acid sodium salt, 
Na3HA-}-4H20, and the yellow sodium salt, 
Na4A-l-4H20, are easily, but the yellow barium 
salt is only sparingly soluble (Bayer, G.P. 
84139 ; Dressel and Eothe, Ber. 1894, 27, 2147). 

Eeactions. — Digestion with 76% caustic potash 
solution at 130° converts it into l-amino-8- 
nap7ithol-3:Q-disulphonic acid. When boiled with 
20% sulphuric acid it yields ruiphthasultam-3-.8- 
disulpTionic acid ; and with 60% sulphuric acid 
a-naphthylamine-3:G:8-trisuIphonic acid (Bayer, 

l. c. ; Dressel and Kothe, l.c.). 

(viii) Naphthasultam- (2):4:6-trisulphonic 
Acid is obtained when the acid sodium salt 
of a-naphthylamine-4:6:8-trisulphonic acid is 
heated with 26% anhydro-acid at 80-90° until 
a test no longer reacts with nitrite (Bayer, G.P. 
84140). The acid sodium salt forms easdy 
soluble needles ; the sodium salt, Na^A-bSHnO, 
easily soluble, minute yellow prisms. When 
heated with caustic alkali at 160-160°, it is 
converted into l-amino-8-napft{ftol-(2);4;6-<nsMl- 
phonic acid (Bayer, G.P. 84697). 

GuLOEO-a-NAPHTHYIiAMINES. 

8-Chloro-a-naphthylamine can be ob- 
tained from l:8-diaminonaphthalene by allow 
ing its azimino derivative to interact with 
copper powder or with cuprous salts and hydro- 
chloric acid at 30°. The base forms needles, 

m. p. 98° (Badische, G.P. 147852; cf. Atterberg, 
Ber. 1876, 9, 1730). 

6:8-Dichloro-a-naphthyJamine, obtained 
by reduction of 6:8-dichloro-a-nitro-naphtha- 
lene, forms needles, m.p. 104° (Widman, Bull. 
Soc. chim. 1877, [ii], 28, 610; Bayer, G.P. 
293318). 

8-Chloro-a-naphthylamine- 6- sul phonic 
Acid is formed from the azimino derivative of 
1:8 - diaminonaphthalene - 4 - sulphonic acid by 


interaction with copper powder (Badische, l.c.). 
When digested with 50% caustic soda solution at 
190-195° it yields \-amino-8-naphtliol-G.sul~ 
phonic acid (Badische, G.P. 112778). 

Several a - chloro - a- naphthylaminesulphonio 
acids, prepared by nitrating a-chloronaphtha- 
lenesulphonic acids and reducing the products, 
have been used in making azo-dyes, but not 
described in detail (Read, Holliday and Sons, 
B.P. 13999, 1897; 11736, 1898). 

8- Chloro - a- naphthylamine-3:6-disul- 
phonic Acid is prepared from the azimino 
derivative of l:8-diaminonaphthalene-3:6-disul-- 
phonic acid by interaction with copper powder 
(Badische, G.P. 147852), or from a-naphthyl- 
amme-3;6-disulphonic acid by conversion into 
the chloro-acid with subsequent nitration and 
reduction (Bayer, G.P. 289107). It crystallises 
from acid solution in needles. 

Eeactions. — ^It couples with diazotised bases. 
Fusion with caustic alkali converts it into 1- 
amino-8-naphthol-3:G-disulphonic acid, but when 
heated with dilute sulphuric acid under pressure 
it yields 8-chloro-a-naphihol-3:6-disulphonic acid. 

Acylated by interaction with m-nitrobenzoyl 
chloride, followed by reduction and condensation 
with phosgene, it furnishes carbamide deriva- 
tives (Bayer, Z.c.). 

2:4-Dichloro-a-naphthylaminesulphonic 
Acid is formed when 2;4-dichloro-acet-a-naph- 
thalide is sulphonated with 23% anhydro-acid 
below 46°, and the product deacetylated by 
boiling it with water. It is sparingly soluble in 
water ; its sodium salt forms scales, and its zinc 
and magnesium salts long needles. When its 
sparingly soluble, crystalline diazo-compound 
is heated with sodium carbonate solution at 60°, 
it is converted into the diazo-oxide o/4-cAZoro-l- 
amino-^-naplitholsulphonic acid (Badische, G.P. 
163298; B.P. 16995, 1903). 

NlTEO-a-NAPHTHYLAMINES. 

Direct nitration of a-naphthylamine in con- 
centrated sulphuric acid leads normally to the 
production of tarry impurities, but these can be 
avoided by working at —9° to —1° and stirring 
vigorously. The 5- and 8-nitro-a-naphthyl- 
amine sulphates thus formed can be separated 
by utUiBing the sparing solubility of the 5- 
derivative in H.- to 3N.-sulphuric acid. The 
free amines can be used as components in dyes 
(Morgan and Jones, J.S.C.I. 1923, 42, 341 t). If 
the amino-group is acetylated before nitration, 
a mixture of the 2-nitro- and 4-nitro-isomers is 
obtained, which can be separated by passing dry 
hydrogen chloride into a nitrobenzene solution 
of the bases, when 4-nitro-a-naphthylamine 
hydrochloride is precipitated (Hodgson and 
Kilner, J.C.S. 1924, 807 ; Hodgson and Walker, 
ibid. 1933, 1205). On the other hand if the 
amino-group is protected by phthaUc anhydride 
or substituted phthaUc anhydrides, the com- 
pound is nitrated mostly in the 8-position 
(Hodgson and Crook, ibid. 1936, 1844). Pro- 
tection of the amino-group by using its ethyl 
carbamide or carbamate derivative leads, on 
nitration followed by hydrolysis, to the for- 
mation of 2:4-dinitro- or 2:4:6-trinitro-a- 
naphthylamine (Groeneveld, Eec. trav. chim, 
1931, 50, 681). 1:6- and l:8-Nitronaphthyl- 
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amines can also be obtained by selective reduc- 
tion of tbe dinitronapbtbalenes (Ruggli and 
Knapp, Helv. Cbim. Acta, 1930, 13, 763 ; 
Voroscbcov and Kulev, B. 1929, 934; I.C.I. 
and Hodgson, B.P. 392414). 

Prom the 2- and 4-nitro-a-naphthylamines, 
derivatives of dinaphthj’lmethane have been 
obtained by condensation Tvith formaldehyde 
(MorgauMnd Jones, l.c., p. 92 t). With methyl 
sulphate, the beha^dour of nitro-a-naphthyl- 
amines varies, the 2-nitro- not being methy- 
lated, but the 8-nitro- giving the methyl deriva- 
tive and the 3- and 5-nitro- the dimethjd 
derivative (Vesely and Vojtech, A. 1929, 437). 

(i) 2-Nitro-a-naphthylamine is obtained 
as acetyl derivative, mixed rvith 4-nitroacet-a- 
naphthahde, by nitrating acet-a-naphthalide 
in acetic acid solution. By limited hj’drolj’sis 
of the product vdth aqueous alcoholic caustic 
potash, 4-nitro-a-naphth3'lamino can bo sepa- 
rated from the 2-nitroacet-a-naphthalidc, which 
is most conveniently hydrolysed bj' boiling ndth 
alcoholic hydrochloric acid (Lellmann and Rcmy, 
Ber. 1886, 19, 797; LeUmann, ibid. 1887, 20, 
892). It is also formed by aminating 1-chloro- 
2-nitronaphthalene in alcohol wth ammonia 
at 180° (Hoogeveen, Rec. trav. chim. 1931, 50, 
37), and in 80% yield by the action of hj'drox}'!- 
amine in alcohoh'c aUcaUno solution on 2-nitro- 
naphthalene (Meisenheimer and Patzig, Ber. 
1906, 39. 2541). 

Identification, — It crystallises from alcohol in 
reddish-yellow, monoclinic prisms, m.p. 144°, 
and its acetyl derivative in yellow needles, m.p. 
199° (Lellmann, ibid. 1884, 17, 112). When 
boiled with excess of caustic potash solution it 
is converted into 2-nitro-a~naphlh6l. 

2-Nitro-l-methijJaminonaphthalcnc, m.p. 144°, 
and the ethylamino -compound, m.p. 77°, arc pre- 
pared from l-chloro-2-nitronaphthaIonc by 
Hoogeveen’s method (l.c.). 

(ii) 3-Nitro-o-naphthylamine is produced 
when l:3-dinitronaphthalene is reduced with 
hydrogen sulphide and alcoholic ammonia 
(Vesely and DvorSk, Bull. Soc. chim. 1923, [iv], 33, 
319) or with sodium siilphido in methjd alcohol 
in presence of sodium bicarbonate (Hodgson 
and Bntwell, J .C.S. 1944, 75). At the same time 
4-mtro-)3-naphthylamine is formed, the ratio 
being about 6 parts of the former to 1 part of 
the latter. The two amines can be separated 
by takmg advantage of the more ready acetjda- 
tion of 4-nitro-2-naphthj’lamine. 

Identification . — 3-Nitro-a-naphthylamino cry- 
stallises from 50% aqueous alcohol in orange 
yellow needles, m.p. 137° ; formyl derivative, 
m.p. 216°, acetyl, 259°. Bromination gives 2:4- 

dibromo - ^ - nitro - 1 - napTithylamine, m.p. 182° 
(Hodgson and Hathaway, J.C.S. 1944. 21 

fjocr * * 


(hi) 4-Nitro-a-naphthylamine, prepared 
from 4-mtroacet-a-naphthalide (see supra) by 
hydrolysis with alcoholic potash (Liebermann, 
Annalen, 1876, 183, 232), can also be obtained 
by mixing a-naphthyloxamie acid with nitric 
acid (p 1-36) at 30-^0°, and hydrotysing the 
prMuct with alkalis or mineral acids (Lance, 
heating a-chloro-4-nitro- 
alcoholic ammonia at 150- 
170 (Gnesheim, G.P. 117006 ; B.P. 7692, 1900) ; 


or by oxidising 4-nitroso-a-naphthylamino with 
potassium permanganate. 

Identification . — ^It crystallises from alcohol in 
orange needles, m.p. 196°, and its acetyl deriva- 
tive in yellow needles, m.p. 190°. When boUed 
with aqueous caustic potash, it is converted 
into i-nitro-a-naphtliol. 

d-Nitro-a-naphtliylaminc-S-siilphonic acid, ob- 
tained when a-naphthylaminc-5-sulphonic acid, 
dissolved in 20 times its weight of sulphuric acid, 
is nitrated below 10°, forms sparingly soluble, 
small needles, and its sodium salt yellow scales 
(Bayer, G.P. 133951; B.P. 9498, 1899; c/. 
Levinstein, B.P. 13178, 1899). 

4^-Nitro-a-naplithylaminc-G-sulpItonic and 7- 
sitlphonic acids are obtained bj' the nitration of 
the corresponding a-naphtlndaminesulphonic 
acids or their acetyl derivatives in sulphuric acid 
solution. The 6-sulphonic acid and its salts, 
respectively, arc less soluble than the 7-isomers 
(Cassclln, G.P. 73502 ; 74177; B.P. 15444, 1803). 
Diazotised, these acids, singlj' or mixed, have 
been used ns first component in nzo-dj'cs. 

(iv) 5-Nitro-a-naphthyIamine can bo pre- 
pared bj-^ partial reduction of l:5-dinitronnph- 
thalcno with alcoholic hj’drogcn sulphide (Boil- 
stein and Kulilborg, Annalen, 1873, 169, 87) ; 
or by hj’drolj'sis of fi-nitro-Q-nnphthidaminc-l- 
sulphonic acid (Nietzki and Zfibolen, Bor. 1889, 
22, 452), or, mixed with the 4- and S-compounds, 
bj' nitration of a-naphthjdamine dissolved in 
10 times its weight of sulphuric acid (Jlcldola 
and Strcatfcild, J.C.S. 1893, 63, 1055). The 

‘ separation of the 4-, 5-, and 8-nitro-corapounds 
can bo effected bj’ a method depending on the 
diffcrcnco in solubilities of the salts (Hodgson 
and Crook, J.C.S. 1930, 1844). 

Identification . — ^It crj’stalliscs in small, red 
needles, m.p. 119°, and its acetyl derivative in 
large, b^o^vn prisms, m.p. 220° (Badischc, G.P. 
145191). Its sulphate is less soluble than that 
of the 4- or 8-isomor. 

5-Nitro-a-naphthylaminc-2-sulphonic acid can 
bo prepared bj’ nitrating a-naphthjdamine-2- 
sulphonic acid in sulphuric acid solution below 
15°. The acid and its diazo-compound are 
sparingly soluble (Cassclln, G.P. 70890). 

5-Nitro-a-naphlhylaminc-4-sulphonic acid is 
formed when ncct-o-imphthnlidc-d-sulphonio 
acid, mixed with sulphuric acid, is nitrated in the 
cold, and the product dcacetylnted bj' boiling 
it with dilute acid. The acid, HA, crj’stalliscs in 
needles. 

A nitro-a-naphthjdamincsulphonic acid, pro- 
bablj'^ isomeric with these acids, is obtained by 
reduction of l:5-dinitronaphthnlenc-3-sulphonio 
acid vitli sodium sulphite or bisulphite (Hoclist, 
G.P. 117268). 

(v) 8-Nitro-o-naphthylamine is prepared 
by nitrating phthalo-a-naphtUylimido with 
nitric acid, p 1-4, below 15°. The mixed nitro- 
compounds are hydrolysed with aqueous am- 
monia at 105°. The 5- and 4-isomcrs hydrotyso 
and are extracted with nitrobenzene. The 
remaining 8-nitro-compound is then hydrolysed 
similarly but at 120-130°. It CTystallisos from 
90% formic acid (Hodgson and Crook, J.C.S. 
1936, 1844) in red needles, m.p. 96-97°, picrate 
m.p. 139-141°, acetyl derivative m.p. 187-188°, 
benzoyl derivative m.p. 181°. 
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(vi) 2:3-Dinitro-a-naphthylamine is formed 
■when 3-nitroacet-a-napIitIialide is nitrated ■with 
nitric acid p 1-50 belotr —3°, and the resulting 
2:3-dinitroacet-a-naphthalide, m.p. 276°, hydro- 
lysed. It forms deep red needles from methyl 
alcohol-acetone, m.p. 160-161° (Hodgson and 
Turner, J.C.S. 1943, 635). 

(■sdi) 2;4-Dinitro-a-naphthylamine can be 
obtained from dinitroacet-a-naphthalide by 
hydrolysis "with 50% sulphuric acid at 100° 
(Liebermann, Annalen, 1876, 183, 274 ; Meldola 
and Eorster, Proc. C.S. 1893, 9, 8) ; or from 2:4- 
dinitro-a-naphthol by heating it -with alcoholic 
ammonia under pressure at 190-200° (Witt, 
Ber. 1886, 19, 2033 ; Morgan and Evens, J.C.S. 
1919, 115, 1129). It crystallises in yeUo'w 
needles, m.p. 237°, and its acetyl derivative in 
yeUo-w needles, m.p. 250°. 

Seactions . — When heated -with aqueous alkalis, 
it is converted into 2-A-dinitro-a-napMhoh Di- 
azotisation in concentrated sulphuric acid solu- 
tion converts the base or its acetyl derivative 
into 4-vitro7mpMha.lene-l-diazo-2-ox{de (Fried- 
lander, Ber. 1895, 28, 1951 ; Morgan and Evens, 

I.C.). 

(viii) 4:5 - Dinitro - a - naphthylamine is 
formed by the nitration of 6-nitroacet-a- 
naphthalide suspended in sulphuric acid, and 
hydrolysis of the product by boiling 'with dilute 
acid. It crystallises in orange scales, m.p. 236°, 
and its acetyl derivative in yellow needles, m.p. 
244° (Badisohe, G.P. 145191 ; 158499). 

^-Naphthylamine. 

The only practicable process for preparing 
^-naphthylamine is by the action of ammonia 
on )3-naphthol, and this developed into a con- 
venient manufacturing process after the dis- 
covery that, in presence of ammonium sulphite, 
the reaction took place at a lower temperature 
and more quickly than with ammonia alone. 
Some j8)3'-dinaphthylamine is formed as a by- 
product. 

Preparation. — )S-Naphthol (114 parts) is heated 
■with 22% ammonium sulphite solution (600 
parts) and 20% ammonia (125 parts) at 100-105° 
in an autoclave provided ■with a stirrer, rmtil in 
the course of about 8 hours the conversion is 
complete. Above 150°, /3)3'-dinaphthylaniine 
begins to be formed. \^en cold, the )3-naph- 
thylamine is removed by filtration, the filtrate 
being used for a subsequent operation. It is 
then extracted by hot dilute caustic soda solu- 
tion to remove /8-naphthol, dissolved in dilute 
hydrochloric acid in which )S)3'-dinaphthylamine 
is insoluble, recovered from solution by the 
addition of alkali and finally distilled in a 
vacuum. The yield is almost quantitative 
(Badische, G.P. 117471; B.P. 1387, 1900; 
Bucherer, J. pr. Chem. 1904, [ii], 69, 88). The 
manufacturing process is based on this descrip- 
tion, but less ammonium sulphite, more am- 
monia, and a higher temperature may be used. 

CatalyticaUy, ^-naphthylamine is obtained in 
90-95% yield by passing )S-naphthol and am- 
monia over alumina at 430-450° (Howald and 
Lo'wy, U.S.P. 1449423 ; Ind. Eng. Chem. 1923, 
15, 397). 

Identijication . — It crystallises from alcohol in 
colourless, lustrous scales, melte at 112°, boils 


at 294° (Liebermann and Jacobson, Annalen 
1882, 211, 41), is moderately volatile ■with steam’ 
and dissolves easily in hot but only sparingly 
in cold water. The solutions of the base show 
blue fluorescence; those of its salts are non- 
fluorescent. The hydrochloride, B,HC1, forms 
non-fluorescent scales, easily soluble, and the 
nitrate, B.HNOg, and sulphate, Bj.HjSO^, 
scales, sparingly soluble in wa'ter. The platini- 
chloride crystallises in scales, and the picrate, 
from alcohol, in long yellow needles, m.p. 195°. 
Unlike a-naphthylamine it gives no colour re- 
actions ■with ferric chloride, chromic acid, bleach- 
ing powder, or nitrous acid. 

Reactions . — ^It couples ■with diazotised bases 
as the end component of azo-dyes. From its 
diazo-compound, fi-naphthol can be obtained 
(Liebermann, ibid. 1876, 183, 268). Its nitrate, 
by nitration, gives a mixture of 5-nitro- and 8- 
nitro - p - naphthylamine. On sulphonation, it 
furnishes a series of mono-, di-, and tri-sulphonic 
acids. When heated alone, or ■with calcium or 
zinc chloride, it is converted partially into )3)3'- 
dinaphthylamine and ammonia, but ■with soda- 
mide, mixed ■with naphthalene at 230°, it gives 
l:6-diaminonaphthalene. With excess of nitrous 
gases and subsequent warming below 50°, P- 
naphthylamine hydrochloride suspended in 
water gives 1-nitro-p-naphthol (Varma and 
Krishnamurthy, J. Indian Chem. Soo. 1926, 3, 
326). It also forms red compounds, m.p. 66-3° 
and 61-7°, ■with 1-chloro- and l-bromo-2:4- 
dinitrobenzene, respectively (Buehler, Hisey, and 
Wood, J. Amer. Chem. Soc. 1930, 52, 1939). 
Its reduction is described under tetrali 
derivatives. 

Analysis . — Commercial jS-naphthylamine is a 
distilled product, and is marketed as a coarse, 
powder, not darker than pink-grey in colour. 
It should, be at least 98-5% pure by titration 
■with sodium nitrite solution, and should not 
begin to melt below 109°. 

^-Naphthylamine in the presence of ^-naph- 
thol, )3;8'-dmaphthylamine, and a-naphthylamine 
can be determined by titration ■with sodium 
nitrite after the jS-naphthol has been sul- 
phonated (Lee and Jones, J. Ind. Eng. Chem. 
1922, 14, 961). 

Acyl Derivative. 

Acetyl - jS-naphthylamine (acet-)S-naph- 
thalide), is best prepared by boiling jS-naphthyl- 
amine ■with l-25-l'5 times its weight of glacial 
acetic acid for 12 hours, the )3)3'-dinaphthylaniine 
(about 10%) formed being readily separated by 
ciystaUisation from alcohol, in which it is only 
sparingly soluble (Liebermann and Jacobson, 
Annalen, 1882, 211, 42). 

Properties . — It crystallises in lustrous scales, 
m.p. 132° (Cosiner, Ber. 1881, 14, 59), dissolves 
readily in alcohol, but only sparingly in water, 
is more easily hydrolysed by dilute acids than 
by alkalis (Cahn, ibid. 1882, 15, 610). 

Reactions . — On chlorination, it 3delds 1- 
cMoroacet-P-naphthalide. It is converted by 
bleaching powder at 0° into the N-chloro-com- 
pound, but at 20° into 1-chloroacet-P-naphthalide 
(Hoogeveen, Bee. trav. chim. 1930, 49, 1093 ; 
1931, 50, 37). Nitration converts it into 1-nitro- 
acet-P-naphthalide. By sulphonation with sui- 
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phuric acid, it furnishes acet-P-naphtlialide-5- 
siilplionic acid at 20-30°, or acet-^-naphthalide- 
l-sulphonic acid at 160-160° (Itinzlberger, 
G.P.a. 5732), but -with chlorosulphonic acid 
acet-j3-naphthalide-4-sulphonyl chloride, m.p 
192° (Hochst, G.P. 292357). 

Alkyl Derivatives. 

Alkyl derivatives are convenientty prepared 
by interaction of the base with the appropriate 
ester of p-toluenesulphonic acid in the presence 
of alkali (Slotta and Eranke, Ber. 1930, 63 [B], 
678 ; Eodionov and Vedenski, A. 1932, 51). 

N-lVlethyl-;8-naphthylamine, obtained by 
by heating )5-naphthol (100 g.), methylamine 
hydrochloride (75 g.), and 6K.-caustic soda 
solution (190 c.c.) under pressure at 200-220°, 
is an oil, b.p. 317°/7C6 mm. or 207°/G0 mm., 
which yields a niirosamine, needles, m.p. S3°, 
and an acetyl compound, prisms, m.p. 50-51° 
(Morgan and Evens, J.C.S. 1919, 115, 1141 ; cf. 
Pechmann and Heinze, Ber. 1897, 30, 1785; 
Pschorr and Karo, ibid. 1906, 39, 3142). The C- 
siilphonic acid +HoO, m.p. 192°, is obtained 
by the interactioii of meth5damino h3'dro- 
chloride with sodium 2-naphthol-6-sulphonato at 
200° in presence of sodium hydroxide (Morgan 
and Eooke, J.S.C.1. 1922, 41, It). 

N-Dimethyl-^-naphthylamine, prepared 
by heating ^-naphthylamino (1 mol.) with methyl 
iodide (3 mol.), caustic soda (2-5 mol.), and water 
(6 mol.) at 120° for 5-6 hours, converting the 
quaternary iodide into chloride or h3*droxido and 
evaporating the aqueous solution of cither to 
dryness (Morgan, J.C.S. 1900, 77, 822; cf. 
Bamberger and Muller, Ber. 1889, 22, 1300), 
forms scales, m.p. 46°, b.p. 305°. 

N'Ethyi-/3>naphthylamine, obtained by 
boiling a solution of )5-naphthylnmine (10 parts) 
in alcohol (30 parts) urith ethyl bromide (8-6 
parts) during 12 hours (Fischer, Ber. 1893, 26, 
193), is an oU, b.p. 305°/716 mm., 191°/26 mm. 
(Bamberger and Muller, ibid. 1889, 22, 1297), 
or 315-316°/760 mm. (Vaubel, Chem.-Ztg. 1903, 
27, 278). 

Beactions . — It couples with diazotised bases 
furnishing azo-d3'es. On sulphonation with 
weak anh3Mro-acid at a moderate temperature, 
the 5-sulphonic acid, mixed Avith a small quantit3' 
of the 8-sulphonic acid, is formed ; with mono- 
hydrate at 140° the 7 -sidphonic acid is obtained ; 
and with 20% anhydro-acid at 110-120°, the 
5:7 -disulphonic acid is produced. 

N-Diethyi-jS-naphthylamine, obtained by 
heating ^-naphthylamine (39 g.), caustic soda 
(22 g.), water (22 c.c.), and ethyl iodide (85 g.) 
at 120° during 7-8 hours (Morgan, l.c.), is an oil, 
b.p. 316°/717 mm. 

N - Benzyl - naphthylamine has m.p. 
67-5°, b.p. 405° (Ciusa and Cremonim', Gazzotta, 
1928, 58, 153). 

Aryl Derivatives. 

Phenyl-, tolyl-, and other aryl-^-naphthyl- 
ammes can be prepared by heating ^-naphthol 
with the respective base (or its hydrochloride) 
under pressure at 200-210° for 10 hours either 
r u 1^80, 13, 1850; Badische, 

Oehler, B.P. 2516 (prov. spec,), 
1880), or with the addition of ammonia-zinc 


chloride (Merz and Weith, Ber. 1880, 13, 1300). 
The yield is almost quantitative when ^-naphthol 
(1 mol.), the base (2 mol.), and anhydrous cal- 
cium cUoride (1 mol.), are heated together at 
280° under pressure for 9 hours (Friedlander, 
ibid. 1883, 16, 2077), or when )3-naphthol and 
the base are heated together tvith 1% of iodine 
at 180-190° during several hours (ICnolI & Co., 
G.P. 241853; ICnoovenagel and Sakow, J. pr. 
Chem. 1914, [iij, 89, 17), or with aniline h3'dro- 
chloride at 230° for 4 hours (Tschomtzov and 
Drozchov, J. Appl. Chem. Eussia, 1934, 7, 785). 
They can bo obtained from )3-naphthol or P- 
naphth3’lamino by interaction with an aromatic 
amine in the presence of sodium bisulpliito 
(I.G., B.P. 282111), These products dissolve 
in the ordinary organic solvents, and, when 
heated with hydrochloric acid under pressure 
at 240°, regenerate ^-naphthol and the base 
(Friedlander, l.c.). Thc3' are used for making 
dyes for acetate silk (I.G., l.c.), and phonyl-p- 
naphthylamine is an important constituent of 
rubber antioxidants. 

N-Phenyl-/S*naphthylamine is obtained 
when /5-naphthol (144 parts), aniline (170 parts), 
and iodine (1-2 parts) arc heated together at 
180-190° during 7 hours, and the product, after 
successive extractions b3' dilute acid and b3’’ 
dilute caustic soda solution, is distilled in a 
vacuum (Ivnoll & Co., l.c.). 

Identification . — It forms needles, m.p. 108°, 
b.p. 395° (Crafts, Annalcn, 1880, 202, 5) or 
237°/16 mm. (Knoll & Co., l.c.), is modcratol3* 
.soluble in cold solvents and in solution shows 
blue fluorescence. Tlio hydrochloride is a cr3'8tal- 
linc powder, decomposed b3’ water. The aedyl 
derivative, m.p. 9,3° (StrcilT, ibid. 1881, 209, 167) 
has been used ns a stabiliser for nitrocellulose 
powders (E3'an and Hrumm, Proc. Eoy. Irish 
Acad. 1918, 34 [B], (8), 165). Tho 7iitroso 
derivative forms prisms, m.p. 93° (Streiff, l.c.). 
Tho tohicnc-p-sulphonyl derivative, m.p. 133°, 
readily furnishes 1-uitro- and ItO-rfiuitro-^- 
naphthylaminc (ilorgan and Jlicklcthwait, J.C.S. 
1912, 101, 148; Aktionges., G.P. 1G4130; B.P. 
27497, 1904). 

Beactions . — It couples with diazotised bases 
forming azo-dyc.s. When sulphonatcd with 4 
times its weight of 010110113^^010 below 50° it 
yields a mixture of tho 5- and 8-monosulphonic 
acids (Zimmer, G.P. 45940; B.P. 13798, 1888; 
Clayton Aniline Co., G.P. 53649 ; B.P. 10934, 
1889 ; Lesser, Bor. 1894, 27, 2364 ; Ba3’cr, G.P. 
70349 ; B.P. 7337a, 1892). 

N-o-Tolyl-^-naphthylamine, prepared simi- 
larly to tho phcn3’l derivative, forms scales, 
m.p. 95°, b.p. 236-237°/14 mm. (Knoll & Co., 
G.P. 241863). On sulphonation below 50° it 
gives a mixture of tho 6- and 8-monosulphonic 
acids (Clayton Aniline Co., G.P. 67370; B.P. 
5165, 1890 ; cf. Bayer, l.c.). 

N-j)-Tolyl-j3-naphthylamine, forms scales, 
m.p. 103°, showing in solution blue fluorescence ; 
its acetyl derivative, needles, m.p. 85° (Fried- 
Iftndor, Ber. 1883, 16, 2079). 

^^'-Dinaphthylamine is obtained in almost 
quantitative ^eld, by boiling a solution of 
^-naphthylamine (1 part) in alcohol (6 parts) 
wdth sodium bisulphite solution of 40° B6 (6 
parts) in a reflux apparatus for 24 hours (Bayer, 
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G.P. 114874 ; B.P. 22804, 1899), or by heating 
fi-naphthylamine ■with 0-5% of iodine at 230° 
during 4 hours (Knoll & Co., G.P. 241853 ; 
Knoevenagel, J. pr. Chem. 1914, [ii], 89, 23). 

Properties. — ^It crystallises in scales, m.p. 171°, 
b.p. 471° (Eis, Ber. 1887, 20, 2619). Dissolved 
in alcohol or benzene, it shows intense blue 
fluorescence. When heated •with hydrochloric 
acid at 240°, it yields fi-naphthylamine and fi- 
naphthol quantitatively (Ris, ibid. 1886, 19, 
2017), and, with sulphuric acid, mixtures of the 
isomeric fi-naphthylamine- and fi-naphthol-sul- 
phonic acids (Sandoz, G.P. 64859). Heated 'with 
sulphur it gives fi-naphthathiazine (Fang, Sci. 
Rep. Tsing Hua Univ., 1937, 21). 

Aryl-fi-naphthylaminesulphonic Acids. 

Of the phenyl-(or o- or p-tolyl-)^-naphthyl- 
aminesulphonic acids, the 5-, 6-, 7-, or 8-sul- 
phonic acid, and the 3:6- or 6:8-disulphonic acid 
can be obtained by heating the corresponding 
jS-naphthylaminesulphonic acid ■with aniline (or 
o- or p-toluidine) and its hydrochloride at 160- 
170° (Bayer, G.P. 70349 ; 71168; 71168; B.P. 


7337a, 1892). Less satisfactory results follow 
when the corresponding jS-naphtholsulphonic 
acid is heated -with the base and its hydrochloride 
at 190-200° (Aktienges., G.P. 38424), but if the 
bisulphite method is used good yields are ob- 
tained (Badische, G.P. 122570; B.P. 18726, 
1900). The acids are moderately soluble in hot 
water ; the sodium salts may be separated from 
solution by salting out. When coupled -with 
diazotised bases they form azo-dyes which are 
bluer in shade than those from aryl-a-naphthyl- 
aminesulphonic acids. 

fifi'-I)inaphthylamine-7:7'-disulphomc acid has 
been prepared from /S-naphthylamine-7-sul- 
phonic acid by the bisiflphite method (Bayer, 
l.c.) ; the 5:5'-dihydroxy-7-.7'-disulphonic acid 
from 2-ammo-5-naphthol-7-sulphonic acid by 
the bisulphite method (Bayer, l.c.) or by heating 
it with water under pressure at 200° ; and the 
8:8"-dihydroxy-6:6'-disulphonic acid by the latter 
method (Bayer, G.P. 121094; B.P. 24296, 
1899). The dihydroxy-compounds couple -with 
diazotised bases, yielding azo-dyes (cf. Bayer, 
G.P. 114841; 221124; B.P. 24296, 1899). 
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j9-Naphthylaminestjlphonio Acids. 

jS-Naplitliylaininesulphonic acids are obtained 
by the following methods : 

1. By sulphonation of jS-naphthylamine or of 

the derived ;8-naphthylaminesulphonic 
acids. The product in most cases is a 
mixture of acids, from which the more 
soluble constituents cannot easily bo 
obtained pure. jS-Naphthylamine- 1 -sul- 
phonic acid is obtained by sulphonation 
with chlorosulphonic acid in an organic 
solvent, other isomers being also formed. 

2. By heating the sodium salts of the corre- 

sponding ]3-naphtholsulphonic acids with 
ammonia under pressure, preferably with 
ammonium sulphite present which 
enables a much lower temperature to be 
used. The process is applicable to all 
acids which do not contain a 4-sulphonic 
group, and is of value for the production 
of the l-,6-,7-, or 8-monosulphonic acid, 
as each of the corresponding /3-naphthol- 
sulphonic acids is obtained in a pure 
state much more easily from ^-naphthol 
than is the ^-naphthylamincsulphonic 
acid from the mixed acids of the sul- 
phonation melt (c/. Bucherer, J. pr. 
Chem. 1904, [ii], 70, 357). 

3. By reduction of /S-nitronaphthalcnesul- 

phonic acids. Only two acids arc 
obtained in this way, viz. the 4:7- and 


the 4:8-disulphonio acids, but for the 
production of the latter no other mode 
of preparation has been described. 

Pour monosulphonio acids, all of them hetero- 
nucleal, are Imown to bo formed by the sul- 
phonation of p-naphthylamine with sulphuric 
acid ; six disulphonic acids by the sulphonation 
of monosulphonio acids ; and six tristJphonic 
acids by the sulphonation of disulphonic acids. 
For the sulphonation of j3-naphthy]amine, sul- 
phuric acid may bo used, but for that of the 
monosulphonio acids, anhydro-acid is required. 
The effects of concentration of the acid, of 
temperature, and of duration of the reaction on 
the nature of the product, correspond vdth those 
traced out in other cases of sidphonation. It 
should bo noted that sulphonation in the 1- 
position with sulphuric acid and oleum occurs 
only when at least one other sulphonic group is 
present in the molecule, and that the 1-sulphonic 
group when present is tho first to bo eliminated 
by hj'drolysis. 

Tho schemes given opposite illustrate the order 
in which sulphonic groups are introduced into tho 
molecule of tho isomeric monosulphonic acids. 

Tho transformation into tho 3:5:7-trisuIphonic 
acid which )3-naphthylnrainc-l;5:7-trisul phonic 
acid undergoes in tho presence of 40% anhydro- 
acid at 140° is only less remarkable than that 
which has been shown to occur with the 1:3:7- 
trisulphonic acid under similar conditions : 



(Final products.) 


^-Naphthylaminemonosulphonic acids are ver3' 
sparingly soluble in water. The di- and tri- 
sulphonic acids dissolve easily in water, but 
their acid salts are less soluble, and are precipi- 
tated instead of the acids when a mineral acid 
is added to solutions of their alkali salts. 

As somces of azo-dyes, the j3-naphthylaminc- 
sulphonic acids are less important than tho a- 
compounds. Many of the dyes obtained by 
coupling them with tetrazo derivatives arc of 
Httle value (cf. CasseUa, G.P. 46711) ; moreover, 
the ^-sulphonic acids cannot be used as middle 
coinponents in polyazo-dyes, as tho amino- 
radical, after coupling has taken place in tho 
ortto-position relatively to it, does not interact 
with nitrite to form a diazo-compound,' but an 
azimino-like derivative which is incapable of 
ifiOQi ® (c/- Bayer, G.P. 79816; B.P. 9972, 


j3-NnphthyIamincsulphonic acids containing 
cither 1- or 8-sulphonio groups do not form azo- 
dyes, but yield diazoamino-corapounds when 
coupled with diazotised bases. Those containing 
a 1-sulphonic group oxchango it for hydroxyl, 
giving tho diazo-oxides of 2-nmino-l-naphthol 
derivatives when diazotised and. afterwards 
warmed at 60-60° with excess (2 mol.) of sodium 
carbonate solution {cf. Badische, G.P. 148882). 

^-Naphthylaminesiilphonic acids containing a 
4-8u1phonio group, lilco tho »B-sulphonic acids 
from a-naphthylamino, yield liydroxytoluio acids 
by prolonged heating with caustic aUcali solu- 
tion at 280°, but, unliko them, are not converted 
into diaminonaphthaloncs when heated under 
pressure with ammonia. 

Unlike a-naphthylaminesulphonic acids which, 
when digested with caustic allmli solution, ex- 
change the amino- for a hydroxyl radical, )S- 
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naphthylaminesulphonic acids, under similar 
conditions, retain the amino-group, exchanging 
an a-sulphonic for a hydroxyl radical, thus 
furnishing aminonaphtholsulphonic acids of 
which they are an important source. 

From /3-naphthylamine-3:6- and 5:7-disul- 
phonic acids, carbamide derivatives have been 
obtained by methods similar to those employed 
with a-naphthylaminesulphonic acids (Bayer, 
G.P. 288273). 

)3-Naphthylaminemonosulphonio Acids. 

(i) j8-Naphthylamine-l-sulphonic Acid 
(Tobias add) is manufactured by heating JS- 
naphthol-l-sulphonate with ammonia and am- 
monium sulphite (Bucherer, J. pr. Chem. 1904, 

[ii], 70, 357; Badische, G.P. 117471; B.P. 
1387, 1900). It is also obtained by sulphonating 
jS-naphthylamine with chlorosulphonic acid 
(B.D.C., B.P. 175019, 1920) or with sulphur 
trioxide (Du Pont, U.S.P. 1969189) in an inert 
solvent. 

Identification. — The acid separates in sparingly 
soluble anhydrous scales from hot, or in efflores- 
cent hydrated needles from cold water; the 
sodium salt, NaA+HgO, in easily soluble scales, 
which give a non-fluorescent solution (Tobias, 
G.P. 74688). It is convertible into P-chloro- 
naphthalene-l-sulphonyl chloride, m.p. 76°, and 
l:2-dichloronttphthalene (Armstrong and Wynne, 
Proc. C.S., 1895, 11, 238 ; Tobias, B.P. 15404, 

1893) . 

Beactions. — Diazotised, it forms the first com- 
ponent in certain important azo-dyes (c/. 
Badische, G.P. 112833; B.P. 25511, 1899). 
From its sparingly soluble, crystalline diazo- 
compound, ^-naphthol-l-sulphonic acid has 
been obtained (Tobias, l.c.). When heated at 
230° in a dry neutral atmosphere, its sodium salt 
is converted into sodium ^-napMhylsulphamate 
(Tobias, l.c.). On sulphonation with 20% an- 
hydro-acid it yields p-naphthylamine-l:5-disul- 
phonic acid. 

(ii) )3-Naphthylamine-4-sulphonic Acid 
is obtained when ^-naphthol-4-sidphonic acid 
is heated with ammonia under pressure 
(Kalle, G.P. 78603), or, mixed with the 8-suI- 
phonic acid, when |3-naphthylamme-4:8-disul- 
phonic acid is boiled with zinc dust and dilute 
caustic soda solution (Kalle, G.P. 233934). 

Identification. — The acid, HA-fHjO, ciystal- 
lises in sparingly soluble, long, white needles; 
the potassium salt, KA-fllHgO, in small 
needles; and the sodium salt, NaA-f4H20, in 
scales. The solution of the sodium salt shows 
violet fiuorescence. 

Reactions. — It couples with diazotised bases 
forming azo-dyes. Its diazo-compound is only 
sparingly soluble. Digestion with 60% caustic 
soda solution at 230-280° c6nverts it into o- 
toluic acid (Kalle, G.P. 79^28; B.P. 16559, 

1894) . , ^ 

(iii) jS-Naphthylamine-6-sulphonic Acid 
originally prepared by Dahl''(Z)a^rs y-acid) is 
the main product, the minor product being the 
8-8ulphonic acid, of sulphonating j8-naphthyl- 
amine with sulphuric acid (or oleum) at low 
temperature, the proportion formed varjdng 
with the temperature and amount of acid (Dahl, 
G.P. 32276, Green and Valdl, J.C.S. 1918, 113, 


38) or acet-jS-naphthalide can be similarly sul- 
phonated and deacetylated (Kinzlberger, G.P.a. 
6732). It is most conveniently prepared from 
2-naphthylamine-l:6-disulphonic acid (easily 
obtained from Tobias acid) by heating with 
dilute sulphuric acid to remove the 1-sulphonic 
acid group. 

Identification . — ^The acid, HA, forms needles 
or scales, soluble in 260 parts of boiling or 3,000 
parts of cold water. The salts dissolve easily in 
water, and, like the acid, show reddish-blue 
fiuorescence in dilute solution. The barium salt, 
BaAj-f 2^H20, forms granular aggregates ; the 
calcium salt, CaA2-f11H20, needles, soluble 
in 11 parts of cold water; the potassium salt, 
KA-t-H20, small rhombohedra; the sodium 
salt, NaA-|-5H20, prisms, soluble in 10 parts 
of boiling 95% alcohol; the ammonium salt, 
plates (c/. Forsling, Ber. 1887, 20, 2103). It is 
convertible into ^-chlororMphthalene-S-sulphonyl 
chloride, prisms, m.p. 70°, and l:&-dichloro- 
naphthalene (Armstrong and Wynne, Proc. O.S. 
1889,5,48; Cleve, Ber. 1892, 25, 2481; Forshng, 
l.c.). 

Reactions. — From its sparingly soluble diazo- 
compound, ^-naphthol-5-sulphonic acid has been 
obtained. Fusion with caustic potash at 260- 
270° converts it into 2-amino-B-naphthol. On 
sulphonation with 20% anhydro-acid in the cold 
it yields a mixture of p-naphthylamine-5:T - 
disuVphonic acid with the 1:5 -disulphonic acid as 
minor product. 

(iv) ^-Naphthylamine-6-sulphonic Acid 
([/3-]acid ; Bronner acid) occurs to the extent of 
about 50% in the product formed when jS- 
naphthylamine sulphate, or |S-naphthylamine-6- 
or 8-sulphonic acid is heated with three times its 
weight of sulphuric acid at 160-170° for 2 hours 
{see the 7-sulphonic acid). It is also produced, 
mixed with a small proportion of the 7-sulphonic 
acid (Bayer and Duisberg, Ber. 1887, 20, 1429), 
when ^-naphthylamine hydrogen sulphate is 
baked at 200-210° for 2 hours (Liebmann, 
G.P.a. 3205) ; or when jS-naphthylamine is 
heated with three times its weight of potassium 
bisulphate at about 230° (Bischoff and Brodsky, 
Ber. 1890, 23, 1914). 

Preparation. — ;8-Naphthylamine-6-sulphonic 
acid and its salts, being much less soluble in 
water than the 7-compounds, can be separated 
without much difficulty by fractional crystal- 
lisation from the products obtained either by 
sulphonating )5-naphthylamine under the con- 
ditions just described, or by heating impure 
/3-naphthol-6-sulphonic acid, containing the 7- 
isomer, with ammonia (c/. Green, J.C.S. 1889, 
55, 37 ; B.P. 15849, 1888). 

The pure acid is obtained when )S-naphthol-6- 
sulphonic acid is heated with aqueous ammonia 
in presence of ammonium sulphite (Bucherer, 
J. pr. Chem. 1904, [ii], 70, 357, Badische, G.P. 
115336; 117471; B.P. 1387, 1900). 

Identification. — The acid, HA-1-H20, crystal- 
lises in scales, soluble in 630 parts of boiling 
water (Weinberg, Ber. 1887, 20, 2909) or in 
7,000 parts cold water (Waterman and Groot, 
Chem. Weekblad, 1928, 25, 40), and, like its 
salts, shows blue fiuorescence in solution. The 
lead salt, PbA2+2H20, forms scales, soluble 
in 670 parts of water at 1° ; the barium, salt. 
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BaAg+GHjO, long needles, soluble in 460 
parts of cold ■water ; the colciun salt, 
CaA^+GHgO, scales, soluble in 226 parts of 
■water at 5°; the potassium salt, KA+H«0, 
silky needles, soluble in 40—50 parts of cold 
■water; the sodium salt, NaA+2HoO, sillcy 
needles, soluble in about 40 parts of cold ■water, 
and easdy in hot 90% alcohol (c/. Porsling, Her. 
1887, 20, 77; Limpricht, quoted by Schultz, 
“ Chemie des Steinkohlenth,” 3rd ed., i, 209). 
The ammonium salt, NH4A+H2O, large thin 
plates, is the least soluble of the ammonium 
j3-naphthylaminesulphonates in cold ■water 
(Green, l.c.). It is convertible into ^-chloro- 
7 iaphthalene-G-sulphonyl chloride, prisms, m.p. 
109°, and 2\G-diMoronaphthalene (Forsling, l.c . ; 
c/. Armstrong and Wynne, Proc. C.S. 1889, 6, 
52). 

Reactions . — ^It couples ■with diazotised bases 
forming the end component of some disazo-dycs. 
lYom its moderately soluble yellow diazo- 
compound or by the bisulphite method, /5- 
naphthol-G-sulpIionic acid can be obtained. On 
sulphonation ■with 20% anhydro-acid at 20°, it 
yields a mixture of ^■naphthylamineii'.G-disuh 
phonic acid ■with about 20% of the G-.S-disulphonic 
acid. 

Substitution derivatives in ■which meth3'l, 
phenyl, and fuchsin radicles respectively occur 
in the amino-group of )3-naphthjdaminc-C-sul- 
phonic acid can be obtained by the Buchcrer 
method if methylamino, aniline, and fuchsin are 
used in place of ammom'a (Badische, G.P. 
121683; 122670; 126589; B.P. 18726, 1900), 

(v) |3-Naphth'ylamine-7-sulphonic Acid 
([8-] acid ; F-acid) is obtained, mixed with 
about an equal quantity of the 6-sulphonio acid 
(Schultz, Ber. 1887, 20, 3169), when p-naphthjd- 
amine is heated ■vvith sulphuric acid at tempera- 
tures above 150° (Bayer, G.P. 39925; 41505; 
B.P. 5846, 1886). It is also said to be the pro- 
duct when acet-^-naphthalido is heated udth 
6 times its weight of sulphuric acid at 150-160° 
for 1-1^ hours, and the product deacct^datcd 
by pouring the hot melt into water (Kanzlbcrgcr, 
G.P.a. 5732). The pure acid is obtained when 
sodium j6-naphthol-7-sulphonato is heated with 
ammonia and ammonium sulphite (Buchcrer, 
J. pr. Chem. 1904, [ii], 70, 357 ; Badische, G.P. 
117471 ; B.P. 1387, 1900). 

Identification . — ^The acid, HA-fH„0, forma 
slender, voluminous needles soluble in 350 parts 
of boiling water or 6,000 parts cold water 
(Waterman and Groot, l.c.). When boiled ■with 
a quantity of water insufScient to dissolve it, the 
crystaUine acid changes into a veiy sparingly 
soluble, anhydrous, sandy powder. The barium 
salt, BaAg-l-SHgO, forms thin scales, soluble 
in 400 parts of cold water; the calcium salt, 
CaAg-l-SHgO, scales, soluble in 270 parts of 
cold water ; the potassium salt, needles, soluble 
in 40, parts of cold water; the ammonium salt, 
small plates; the sodium salt, NaA+4HgO, 
small needles, soluble in hot 90% alcohol and 
in 70 parts of cold water. The solutions of the 
salts show reddish-violet fluorescence. It is 
convertible into ^-cliloronaphthalene-l -sulphonyl 
cMoride, prisms, m.p. 86° (Armstrong and 
Proc. C.S. 1889, 5, 49; Cleve, Ber. 
1892, 25, 2484), and 2-.'l -dichloronaphthalene 
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(Erdmann, ibid. 1888, 21, 638; Armstrong and 
Wynne, l.c.). 

Reactions . — ^It couples with diazotised bases, 
being the end component of some disazo-dj'cs. 
From its orange-red diazo-compound, or by the 
bisulphite method, p-naphthol-I-sulphonic acid 
can bo obtained. Digestion with 50% caustic soda 
solution at 260-280° converts it into 2-amino-l- 
naphthol. Heated with 20% sodium bisulphite 
solution at 90-100° for 24 hours,_its sodium salt 
is converted into sodium pp'-dinaphlkylaminc- 
7:l'-disnlphonatc. On sulphonation ■with 20- 
26% anhydro-acid at the ordinaiy tomporaturo, 
it yields three ^-naphthylamincdisulphonic acids, 
viz. the 1:7-, 4:7-, and 6:7-isomors. 

The dimethyl derivative, obtained by heating 
the acid with dimcthylamino under pressuro 
at 220°, is converted into 2-diineihylamino-l- 
naphlhol by fusion ■with caustic allrali (Gcigy, 
G.P. 90310). 

{vi) j3-Naphthylamine-8-suIplionic Acid 
([«-) acid; Badische acid) is formed (39^44%), 
together ■with the fl-sulphonic acid and about 1% 
of tbo mixed 6- and 7-isomcrs, when )3-naphtIiyl- 
amino is heated 'U'ith three times its weight of 
sulphuric acid at 100-105° for about 6 hours 
(Badische, G.P. 20760 ; Dahl, G.P. 29084 ; B.P. 
1112, 1884; Green and Vakil, J.C.S. 1918, 113, 
38; Green, ibid. 1889, 55, 36). The proportion 
of the 8-sulplionic acid docs not exceed 45% 
when jS-naphthj'lainine sulpiiatc is sulphonatcd 
witli three times its weight of sulphuric acid at 
16-20°, wliilc it amounts onlj' to 30% when p- 
nnphthjdaminc is sulphonatcd with tiircc times 
its weight of 20% anhydro-acid at 70-80° (Dahl, 
l.c.% Green, l.c.). The acid is also obtained 
when j3-naphthol-8-sulphonic acid is healed with 
ammonia under pressure (Baj'er, G.P. 42273 ; 
Pfitzinger and Duisberg, Ber. 1889, 22, 397), 
or when the bisulphite reaction is applied to it 
(Buchcrer, J. pr. Cliom. 1904, [ii], 70, 358 ; 
Badische, G.P. 117471; B.P. 1387, 1900). 

Preparation . — ^The product obtained 1)3' sul- 
phonating j3-naphthylninino sulphate with three 
tijues its weight of sulphuric acid at 15-20° is 
converted into sodium salt, 'which, ns a dry' 
powder, is extracted with 90-95% alcohol to 
remove the isomeric salts, the rcsiduo. consisting 
of the pure sodium ^-naiflitlylnminc-S-sul- 
phonato (Dahl, l.c . ; Green, l.c. ; sec the 6-sul- 
phonic acid). An alternative method of separa- 
tion is preferential precipitation from sodium 
salt solutions, tho 2:8-ncid i)rccipitating lirst 
(Levi, Giorn. Chim. Ind. 1921, 3, 97). 

Identification . — Tho acid forms slender needles, 
soluble in 200 parts of boiling or in 1,700 parts of 
cold water. Tho salts, like tho acid, show blue 
fluorescence in dilute solution (c/. Forsling, Bor. 
1887, 20, 2100). Tho barium salt, BaA2-{-4H20, 
forms prisms, soluble in 23 parts of cold wafer ; 
the calcium salt, CaAg-l-GHgO, prisms, soluble 
in 11 parts of cold water; tho potassium salt, 
KA-fJHoO, six-sidod prisms; tho sodium salt, 
NaA (Erdmann, Annalen, 1893, 275, 281), largo 
prisms, insoluble in alcohol; tho ammonium 
salt (Green, l.c.), large solid prisms. It is con- 
vertible into ^ - chloronaphthalene - 8 - sulphonyl 
chloride, needles, m.p. 129°, and \-.l -dichloronaph- 
thalene (Armstrong and Wynne, Proc. C.S. 1888, 
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4, 105 ; 1889, 5, 53 ; Eorsling, l.c. ; Her. 1888, 
21,2803; 1889,22, 619). 

Eeactions. — ^It does not fomisli azo-dyes by 
coupling -vritb diazotised bases, but ^ soluble 
yellow diazoamino-compoimds (Witt, ibid. 1888, 
21, 3483 ; Erdmann, l.c.). Erom its sparingly 
soluble diazo-compound or by tbe bisulphite 
method ^-naphthol-8-sulphonic acid can be 
obtained. Fusion with caustic alkali at 260- 
270° converts it into 2-amino-8-naphthol. On 
sulphonation in the cold with 20% anhydro-acid, 
it gives p-napMhylamine.6:8-disulpJionic acid. 

^-NaphtuvlaminedisuIjPHONio Acms. 

(i) jS - Naphthylamine - 1:5 - disulphonic 
Acid is obtained when )S-naphthylamine-l- 
sulphonic acid is sulphonated with 20% anhydro- 
acid in the cold (Armstrong and W3mne, Proc. 
C.S. 1895, 11, 238) ; or (as minor product) mixed 
with the 5:7-disulphonic acid when ]3-naphthyl- 
amine-6-su]phonic acid is sulphonated under 
similar conditions (Armstrong and Wynne, 
ibid. 1890, 6, 129). 

Identification. — The normal potassium salt is 
moderately soluble in water, and convertible 
into P-cMoronaphthalene-l:5-disulpTionyl chloride, 
prisms, m.p. 158°, and h2:5-trichloronaphthalene 
(Armstrong and Wynne, l.c.). 

Eeactions. — Prom its sparingly soluble diazo- 
compound, the diazo-oxide of 2-amino-\-naphthol- 
5-sulphonic acid is obtained either by addition 
of sodium carbonate at 50-60° to remove free 
mineral aeid, or by oxidation with sodium 
hypochlorite in alkaline solution (Badische, 
G.P. 145906; B.P. 6615, 1902; G.P. 160536; 
B.P. 4997, 1904). Fusion with caustic alkali at 
210-230° converts it into 2-amino-5.naphthol-l- 
sulphonic acid. )3 - Naphthylamine - 1:5 - disul - 
phonic acid, when heated with 75% sulphuric 
acid, is hydrolysed to give a mixture of J3- 
naphthylamine and its 5-sulphonic acid. With 
stronger acid at 100°, ^-naphthylamine-S-sul- 
phonic acid only is produced, above 100°, the 
G-sulphonic acid and, above 130°, the 6- mixed 
with the 1 .sulphonic acids (Bucherer and Wahl, 
J. pr. Chem. 1921, [ii], 103, 129). On sulphona- 
tion with 40% anhydro-acid at 100°, it 3delds 
P-naphthylami7ie-l:5:T-trisulphonic acid. 

(ii) p - Naphthylamine - 1:6 - disulphonic 
Acid is obtained as -cjubf product, with about 
20% of the 6:8-disulphonic acid, when jS-naphthyl- 
amine-6-sulphonic acid is sulphonated with 20% 
anhydro-acid at a temperature below 20° 
(Armstrong and Wynne Proc. C.S. 1890, 6, 130 ; 
cf. Forshng, Ber. 1888, 21, 3495) ; or, pure, by 
applying the bisulphite reaction to sodium /?- 
naphthol - 1:6 - disiphonate (Badische, G.P. 
117471 ; B.P. 1387, 1900). 

Identification. — ^The normal potassium salt, 
KjA-J-SHaO, large crystals, the sodium salt, 
long needles, and the ammonium salt, 
(NH^laA-hHgO , triclinic forms, are very soluble; 
but the acid potassium salt, KHA-fHgO, and 
acid sodium salt, NaHA-j-2H20, long needles, 
are only sparingly so, and in dilute solution 
show blue fluoreseence (Forsling, l.c.). It is 
convertible into P-chloronaphthaleve-l:6-disul- 
phonyl chloride, prisms, m.p. 124-5°, and 1:2:6- 
trichloronaphthalene (Forsling, l.c. ; Armstrong 
and Wynne, l.c.). 


Eeaction. — ^Its sparingly soluble, crystalline 
diazo-compound, when Warmed with excess of 
sodium carbonate solution, yields the diazo- 
oxide of 2-amino-l-naphthol-6-sulphonic acid 
(Badische, G.P. 148882 ; B.P. 6615, 1902). 

(iii) p - Naphthylamine - 1:7 - disulphonic 
Acid, formed (29%), together with the 4:7- 
and 5:7-disulphonic acids, when jS-naphthyl- 
amine-7-sulphonic acid is sulphonated in the cold 
with 20-25% anhydro-acid, is separated from 
the product by converting it into normal potas- 
sium salt, and coUecting the least soluble portion 
by fractional crystallisation (Bayer, G.P. 
79243 ; Dressel and Kothe, Ber. 1894, 27, 1194). 
It is also obtained when potassium ^-naphthol- 
l:7-disulphonate is heated with ammonia and 
ammonium sulphite (Badische, G.P. 117471; 
B.P. 1387, 1900). 

Identification. — The normal barium salt, 
moderately soluble needles, the potassium salt, 
KjA-fSHjO, large monos5Tnmetric crystals; 
and the acid potassium salt, sparingly soluble 
slender needles, give solutions showing violet- 
blue fluorescence (Dressel and Kothe, l.c.). 

Eeactions. — ^In acetic acid solution it does not 
couple with diazobenzene (Bayer, G.P.a. 7274). 
From its easily soluble diazo-compound, jS- 
naphfhol-l-Jl -disulphonic acid can be obtained, 
and, when warmed with sodium carbonate solu- 
tion, the diazo-oxide of 2-amino-l-naphthol-T- 
sulphonic acid (Badische, G.P. 148882; B.P. 
6615, 1902). Prolonged boiling with 20% 

hydrochloric acid converts it into p-naphthyl- 
amine-T -sulphonic acid (Dressel and Kothe, l.c.). 

(iv) p- Naphthylamine - 3:6- disulphonic 
Acid {P - naphthylamine - [a] - disulphonic acid ; 
amino-'R-acid) is obtained from sodium p- 
naphthol-3:6-disulphonate by heating under 
pressure with a mm onia and ammonium sulphite 
(Badische, G.P. 117471; B.P. 1387, 1900). It 
is also formed when sodium jS-naphthylamine- 
3:6:8-trisulphonate is boiled with zinc dust and 
dilute caustic soda solution (KaUe, G.P. 233934). 
It is convertible into p-chloronaphthalene-3:G- 
disulphonyl chloride, needles, m.p. 165°, and 
2:3:6 - trichloronaphthalene (Armstrong and 
Wynne, Proc. C.S. 1890, 6, 12). 

Eeactions. — ^It couples with diazotised bases as 
end component in azo-dyes. Digestion with 
75% caustic scfda solution at 230-250° converts 
it into 2.amino-3-naphthol-G-sulphonic acid. 

(v) p- Naphthylamine - 3:7 - disulphonic 
Acid {p-naplithylamine-lS-)disulphonic acid), is 
formed when sodium )?-naphthol-3:7-disul- 
phonate is heated with ammonia and ammonium 
sulphite imder pressure (Badische, G.P. 117471 ; 
B.P. 1387, 1900). It is also obtained when p- 
naphthylamine-l:3:7-trisulphonic acid is boiled 
with dilute mineral acids (Dressel and Kothe, 
Ber. 1894, 27, 1199). 

Identification . — ^The acid barium salt forms 
very sparingly soluble microscopic crystals, the 
acid potassium salt, sparingly soluble scales; 
the acid sodium salt dissolves in 12-5 parts of 
bofling water, or in 50 parts of water at 20°, the 
solutions showing blue fluorescence (Dressel and 
Kothe, l.c.). It is convertible into p-chloro- 
naphthalene-8-Sl-disulphonyl chloride, needles, 
m.p. 176°, and 2:3:6-trichloronaphthalene (Arm- 
strong and Wynne, Proc. C.S. 1890, 6, 127). 
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Beactions. — ^It couples vath diazotised bases 
as end component in disazo-dyes. On sulpbona- 
tion ■with 40% anbydro-acid at 80-90°, it is 
converted into p - napMhylamine - 1:3:7 - trisul - 
phonic acid. 

(vi) P - Naphthylamine - 4:7 - disulphonic 
Acid {Andresm's acid) is obtained when P- 
nitronapbthalene-4:7-disulpbonic acid is reduced 

(Schultz, Per. 1890, 23, 77) ; or (26%) when 
j3-naphthylamine-7-sulpbonic acid is sulphonated 
with 20-26% anhydro-acid in the cold, and, after 
removal of the l:7-disulphonic acid as potassium 
salt, is separated as normal sodium salt from the 
more soluble 6:7-disulphonate (Bayer, G.P. 
79243; Dressel and Kothe, Ber. 1894, 27, 
1196 ; see the 6:7-disulphonio acid). 

Identification, — ^The normal barium and sodium 
salts, crystalline crusts, and the acid soditim 
salt, NaHA+HjO, needles, in dilute solution 
show intense blue fluorescence (Dressel and 
Kothe, I.C.). It is convertible into p-chloro- 
naphthahneA-Il -di sulphonyl chloride, needles, 
m.p. 174°, and l:3i6-trichloronaphthalcnc (Arm- 
strong and Wynne, Proc. C.S. 1891, 7, 27). 

Eeactions. — Diazotised, it furnishes P-naphlhol- 
d-n -disulphonic acid when boiled uith watur. 
Digestion with 35% caustic potash solution at 
180-200° converts it into 2-amino -A-naphthol-l- 
sulphonic acid. When heated with nnUino and 
aniline hydrochloride at 160-170° it yields 1:3- 
dianilinonaphthalene-G-sulphonic acid. 

(vii) p- Naphthylamine - 4:8- disulphonic 
Acid is obtained by the reduction of ^-nitro- 
naphthaIene-4:8-disuIphonic acid (CassoUa, G.P. 
66997; Fischer, cf. J.S.C.I. 1898, 17, 837). 

Identification . — ^The acid forms prisms; the 
acid barium salt, BaHnAj, minute needles ; the 
acid sodium salt, needles, easily soluble in hot 
water. The alkaline solutions show deep blue 
fluorescence. It is convertible into naphthalono- 
l:6-disulphonic acid (CassoUa, l.c.). 

Eeactions. — ^It does not couple with diazotised 
bases (CasseUa, l.c.). From its moderately^ 
soluble diazo-compound, p-naphtholAi8-disul- 
phonic acid has been obtained. Fusion with 
caustic alkali at 216° converts it into 2-aOTtno-4- 
naphthol-8-sulphonic acid. By digestion with 
water or 10% sulphuric acid at 180°, it yields 
p-naphthol-4:-sulphonic acid. 

When boiled with zinc dust and dilute caustic 
soda solution it furnishes a mixture of the P- 
naphthylamine-i- and -8-sulphonic acids (KaUe, 
G.P. 233934), hut with sodium amalgam in the 
cold the products are P-naphthylamine-8-sul- 
phonic acid (Bayer, G.P. 266724 ; B.P. 28172, 
1911) and P-naphthylamine (Friedlandcr and 
Lucht, Ber. 1893, 26, 3033). Nitration converts 
ite acetyl derivative into the 6-nt<ro-compound 
(Hochst, G.P.a. 31417). When heated with 
aniline and aniline hydrochloride at 160-170° 
l-^-dianilinonaphthalene-5-sulphonic 
sulphonation with 40% anhydro-ncid 
at. 80-120°, P-naphihylamine-i\Q-.8-trisulphonic 
acid IS obtained. 

. ^-Naphthylamine-6:7-disulphonic 
Acid.-— This acid is formed as the minor pro- 
preparation of j3-naphthylamine- 

:8-ai8ulphonic acid by the sulphonation of 
p-naphthylamine. The sulphonation is carried 

VoL. vm.— 21 


out at first in weak oleum at low temperature 
(65°). AU four heteronuclear monos^phonic 
acids are formed. The sulphonation is carried 
further with more strong oleum, and at higher 
temperature (85°) the /9-naphthylamino-G-su]- 
phom'c acid and the jS-naphthylamino-8-sul- 
phonic acid are converted to |3-naphthylaraine- 
6:8-disulphonic acid whilst the jS-naphthylamine- 
6- and 7-sulphonio acids become ^-naphthyl- 
amine-l:6:7-trisulphonio acid. The separation 
is ofTocted by suitably diluting the sulphonation 
mass, which precipitates the /3-naphthylamino- 
6:8-disulphonio acid in 44% yield. The filtrate 
containing the easily soluble trisulphonio acid is 
heated to 126° to remove the 1 -sulphonic acid 
group. Tho^-naphthylnniino-6:7-8ulphonic acid 
is precipitated on cooling and is obtained in 37% 
yield (H. E. Fiorz-David and L. Blangoy, 
“ Farbonchomio,” 4th cd. 1938). 

The maximum yield of ^-naphthylamino- 
l:5:7-trisulphonic acid is obtained in 16 hours 
at 95° using oleum containing 12% excess free 
sulphur trioxido. Yields: 49% )3-naphthyl- 
amino.6:8-disulphonio acid, 30'6% /S-naphth}'!- 
nminc-6:7-diBulphonio acid (Ofitzorov, Anilino- 
kras Prom. 1934, 491-497). 

Identification . — ^Tho acid potassium salt is 
convertible into P-chloronaphthalcnc-5:7-disul- 
phonyl chloride, prisms, m.p. 166°; and 1:3:6- 
Irichloronaphthalenc (Armstrong and Wjmne, 
Proc. C.S. 1890, 6, 131). The solubilities of the 
acid and some of its salts, expressed ns parts 
per 100 parts of the saturated solution at 20° are 
ns follows: HjA.BH.O, 22-97; Na,A,6H,0, 
72-2; NaHA,4HjO, 7-9; K,A,2H;0, 63' 9; 
KHA,4H„0, 2-58; MgA'8H,0', 2M ; 
CaA,4Hg'0, 40-2; BaA.SHg'O, 22-7; 
ZnA,8HjO, 39-4; PbA.BHjO, 48-1 (Fiorz- 
David and Braunschweig, Holv. Clum. Acta, 
1923, 6, 1146). 

Eeactions . — By the bisulphite method, it 
furnishes P-naphthol-5:7 -disulphonic acid. Diges- 
tion with 60% caustic soda solution at 190“ 
converts it into 2-amino-5-naphthol-7-sulphonic 
acid (J-acid). On sulphonation with 40% 
anhydro-acid at 100°, it yields p-naphthylaminc- 
1:6:7 -irisulphonic acid. When desulphonatod 
by sodium amalgam in the cold, P-naphthyl- 
amine-7 -sulphonic acid is the product (Bayer, 
G.P. 256724; B.P. 28172, 1911). 

Converted into the tolueno-p-sulphonyl deriva- 
tive, it gives the 1-c/iforo-compound on chlorina- 
tion, from which l-chloro-2-amino-5-naphlhol-7- 
sulphonic acid can bo prepared. 

(ix) p- Naphthylamine - 6:8- disulphonic 
Acid. — ^The technical preparation of tins acid 
has already been described (sec jS-naphthyl- 
amino-6:7-di8ulphonio acid). The pure acid can 
also bo obtained from sodium p-naphthol-G:8- 
disulphonato by heating with ammonia and 
ammonium sulphite under pressure (Badischo, 
(G.P. 117471; B.P. 1387, 1900; Bucherer, 
J. pr. Chem. 1904, [ii], 70, 368). 

Identification . — The solubilities of the acid 
and some of its salts, expressed ns parts in 
100 parts of the saturated solution at 20°., nro 
as follows: HgA.AHoO, 9-24; Na2A,3H„0, 
69-0; NaHA,4H„0, 7-6; K2A,2HjO, 61-6; 
KHA,2H20, 2-6; MgA,8H„0, 8-7; 

CaA,3H20, 29-1; BaA,3H2b, 12-0; 
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ZnA.SHaO, 34-5; PbA,H„0, 44-5 (Fierz- 
David and Bratmsclrvreig, Z.c.). 

It is convertible into ^-chloronap7itJialene-6:8- 
disulpJionylcHoride,Tieedles, m.p. 170°, and 1:3:7- 
trichloronaphthalene (Armstrong and Wynne, 
Proo. C.S. 1890, 6, 13). 

Eeactions. — It does not couple witb diazotised 
bases (c/. Witt, Per. 1888, 21, 3487). Digestion 
Tvith 75% caustic soda solution at 230-250° 
converts it into 2-amino-8-napMhol-6-sulp7tonic 
acid (Hochst, G.P. 81281). On sulpbonation 
■vrith 40% anbydro-acid at 80-90°, it yields p- 
napJithylsulpJtamino-QiS-disulpTionic acid (Dressel 
and Eotbe, Per. 1894, 27, 2153), but at 120- 
130°, p-napJtthyJamine-3:6:8-trisulplionic acid. 

jS-XAPHTHTijiiiiirE’rBistrLPHOifio Acids. 

(i) p- Naphthylamine - l:3:7-trisulphonic 
Acid is formed rrlien j3-napbthylaniine-3:7-disul- 
pbonic acid is sulphonated rritb 40% anbydro- 
acid at 80-90° (Payer, G.P.a. 7036 ; Dressel and 
Kotbe, Per. 1894, 27, 1199); also vben p- 
napbtbol-l:3:7-trisulpbonic acid is heated rritb 
25% ammonia solution under pressure at 190° 
(Payer, G.P.a. 7003; P.P. 17141, 1893; 
Dressel and Kotbe, l.c.). The acid barium salt 
and acid sodium salt, Na2HA-f4H20, scales, 
are easily soluble, and in solution show violet 
blue fluorescence. 

Reactions. — When boiled rvitb dilute mineral 
acid it yields P-naphthyiamine-3:7-disulphonic 
acid. On sulpbonation Tvitb 40% anbydro-acid 
at 130°, it is converted into a mixture of the 
3:5:7- and S-.B-.'i-trisulphonic acids vrith the 
l:3:6:7-tetrasulphonic acid. 

(ii) )3- Naphthylamine- l:5:7-trisuIphonic 
Acid is formed vben )S-napbthylamine-5-snl- 
pbonic, or l:5-disulpbonic, or 6:7-disuipbonic 
acid is sulphonated vith 40% anbydro-acid at 
100° (Payer, G.P. 80878; P.P. 20580, 1893). 

The barium, acid potassium, and acid sodium 
salts dissolve easily, giving solutions vrhich 
shovr fluorescence. 

Reactions. — It does not couple vith diazo- 
benzene chloride (Payer, l.c.). Prom its easily 
soluble diazo-compound, the diazo-oxide of 2- 
amino-l-naplifhol-5'Jl-disulpTionic acid is obtained 
when the solution is rendered alk alin e by sodimn 
carbonate (Hochst, G.P.a. 16863; P.P. 23993, 
1902). Digestion vrith 65% caustic soda solu- 
tion at 160-220° converts it into 2-amino-5- 
napTithol - 1:7 -disulphonic acid. By partial 
hydrolysis with boiling dilute mineral acids it 
yields p - naphthylamine - 5:7 - disulphoiiic acid. 
When heated with 30% anbydro-acid at 140- 
160° it rmdergoes change into the isomeric p- 
naphthylamine-SiSiT-frisulphonic acid. 

(iii) jS-Naphthylamine- 3:5:7- trisulphonic 
Acid is formed, together vrith the 3:6:7-trisul- 
phonic acid and the l:3:6:7-tetrasulphonic acids, 
when )S-naphthylamine-3:7-disulphonic acid is 
heated with 40% anbydro-acid at 130°. By 
boiling the product with water, the tetrasul- 
phonic acid is hydrolysed to the 3:6:7-trisul- 
^horde acid, which is then converted into 
sodium salt, and, after acidification, separated 
as the sparingly soluble acid sodimn salt. Prom 
the concentrated mother-liquor the easily 
soluble acid sodium salt of the 3:5:7-isomer can 


be separated (Bayer, G.P. 81762 ; P.P. 17141a, 
1893 ; Dressel and Kotbe, Per. 1894, 27, 1202)'. 
It is the sole product of the change which occurs 
when )3-naphthylamine-l:5:7-trisulphonic acid 
is heated with 30% anhydro-acid at 140-160° 
(Bayer, G.P. 90849). 

Identification. — The sodium salt, 

Na3A-f5JH20, 

from dilute alcohol, the acid sodium salt. 
Nag HA, and the acid barium salt are very 
soluble, and in solution show intense green 
fluorescence. 

Reactions. — Prom its very soluble diazo- 
compound, P-naphthdl-3:5'Ji -trisulphonic acid has 
been obtained (Dressel and Kotbe, l.c.). Diges- 
tion with 30% caustic soda solution at 190° con- 
verts it into 2-amino-5-naphthol-3:l-disulphonic 
acid. 

(iv) )3-Naphthylamine- 3:6:7- trisulphonic 
Acid is formed when )S-naphthylainine-3:7- 
disulphonic acid is heated with 40% anhydro- 
acid at 130°, being separated by means of its 
sparingly soluble acid sodium salt from the 
3:5:7-trisulphonic acid also produced {q.v.); 
or when ^-napthylamine-l:3:6:7-tetrasulphonic 
acid is boiled with dilute mineral acids (Bayer, 
G.P. 81762; B.P. 17141a, 1893) ; or when ]3- 
naphthol-3:6:7-trisulphonic acid is heated with 
25% aminonia solution (3 parts) and am- 
monium chloride (0-5 part) during 8 hours at 
30-40 atm. (Bayer, G.P.a. 7019; P.P. 17141, 
1893). 

Identification . — ^The sodium salt is easily, 
the barium salt and acid sodium salt, 
NagHA-fSHgO, long silky needles, are spar- 
ingly soluble in cold water, the solutions showing 
intense blue fluorescence. 

Reactions. — Prom its sparingly soluble diazo- 
compound, P-naphthol-3i6:7 -trisulphonic acid 
has been obtained. Digestion with 55% caustic 
soda solution at 180-240° converts it into 2- 
amino-I-naphthol-3\8-disidphonic acid. On sul- 
phonation with 40% anhydro-acid at 100-130°, 
it yields p-naphthylamine-\:3:Gi'l-telrasidphonic 
acid. 

(v) J5- Naphthylamine -3:6:8 -trisulphonic 
Acid is obtained when jS-naphthol-3:6:8-trisul- 
phonic acid is heated with ammonia at 200-250° 
(Landshoff, G.P. 27378 ; cf. Dressel and Kotbe, 
Per. 1894, 27, 2154) ; or when jS-naphthylamine- 
6:8-disulphonic acid is heated with 40% anhydro- 
acid at 120-130° (Dressel and Kothe, l.c.); or 
when sodium a-nitronaphthalene-3:6:8-trisul- 
phonate is heated with ammonia solution under 
pressure at 150-170°, nitrogen being eliminated 
(Kalle, G.P. 176621). 

Identification. — The acid potassium salt, 
KgHA-flJHgO, forms needles, soluble in 40 
parts of water at 20°; the acid sodium salt, 
easily soluble needles ; the solutions show in- 
tense sky-blue fluorescence. 

Reactions. — ^Digestion with 80% caustic soda 
solution at 220-260° converts it into 2-ami7io-8- 
naphthol-3:6-disulphonic acid. By desulphona- 
tion with zinc dust and boiling dilute caustic 
soda solution, it yields p-naphthyla7nine-3:G-di^l- 
phonic acid. 

(vi) jS-Naphthylamine -4:6:8 -trisulphonic 
Acid is obtained when sodium )S-naphthylamine- 
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4:8-disulphonate is heated with 40% anhydro- 
acid at 80-90°, and finally at 120°. 

Meadion . — ^When heated with 60% caustic 
soda solution at 170-180°, it is converted into 
2-amino-4:-napJithol-6:8-disulpJion{c acid (Bayer, 
G.P.a. 8164; G.P. 89242). * 

The condensation products corresponding with 
those obtained' from a-naphthylaniine-4:6;8- 
trisulphonic acid (ff.a.) have not the same 
trypanocidal effects (Morgan and Mitchell, 
J.C.S. 1932, 1910). 

j8-NAPHTHYLAMIHETETEAStriJHONIO AOID. 

)S- Naphthylamine - l:3;6:7-tetrasulphonic 
Acid occxu^ in the product formed when P- 
naphthylamine-3:7-disulphonic acid is heated 
with 40% anhydro-acid at 130° (see the 3:6:7- 
trisulphonic acid). It is obtained when fi- 
naphthylamine-3:6:7-trisulphonic acid is heated 
with 40% anhydro-acid at 100—130° (Dressel and 
Kothe, Ber. 1894, 27, 1203), or when sodium ^- 
naphthol-l:3:6:7-tetrasuIphonate is heated with 
25% ammonia solution at 180° under pressure 
(Bayer, G.P.a. 7003 ; B.P. 17141, 1893 ; Dressel 
and Kothe, l.c.). 

Salts. — The harium salt, Ba2A-f6H20, 
sparingly soluble microscopic crystals, and the 
easily soluble sodium salt show, in dilute solu- 
tion, violet-blue fluorescence. Acid salts have 
not been obtained, and acid solutions when 
boiled undergo partial hydrolysis, giving rise to 
P-naphthylamine-8:Gi'I4risulplionic acid. 

HALOOEKO-jS-NAEnTHYLAMINES. 

The chlorination of )3-naphthylamino and its 
functional derivatives has been comparatively 
little studied, but more complete investigation 
of bromination has been made. Bleaching 
powder oxidises ^-naphthylamine to dinaphtha- 
zine; chlorination of the sulphate in strong 
sulphuric acid gives 6:8-dichloro-^-naphthyl- 
amine, the amino-group having no orientating 
effect under these conditions. l-Chloroacet-^- 
naphthalide is obtained by chlorinating acet-^- 
naphthaUde. Bromination of acyl or benzyl- 
idene derivatives of j3-naphthylamino causes 
bromination successively in the 1-, G-, and 3- 
positions, the 1 -bromine being readily removed 
by reduction from the mono-, di-, and tri- 
br omo - compounds . 

I-Chloro-j3*naphthylamine obtained by 
chlorinating acet-j3-naphthalido in acetic acid 
solution, and hydrolysing the product with hot 
hydrochloric acid, forms needles, m.p. 69°. 
The hydrochloride, B,HCI-l- HjO, forms needles ; 
the acetyl derivative, needles, m.p. 147° (Cleve, 
Ber. 1887, 20, 1989). 

1 “ Chloro - p - naphthylaminesulphonic 
Acids. — ^When sulphonated with 2% anhydro- 
acid at 70°, 100°, and 160°, 1-chloro-jS-naphthyl- 
amine 3delds as chief product respectively the 
6-, 6-, and 7-sulphonic acids (Armstrong and 
Wynne, Proc. C.S. 1889, 5, 36, 48). These acids 
when diazotised and heated in solution with 
excess of sodium carbonate at 60-60°, are con- 
verted into the diazo-oxides of the corresponding 
2-amino-a-naphtholsulphonic acids (Badischo, 
G.P. 145906; 148882; B.P. 6615, 1902). 

4-Chloro-j5-naphthylamine, m.p. 68°, has 


been prepared starting from 2-nitro-l-naphthyl- 
amine (Hodgson and Elliott, J.C.S. 1935, 1850). 

Bromo-/3-naphthyiamines. — ^Tho bromina- 
tion of )3-naphthylamino (in the form of func- 
tional derivatives) has been studied by Pranzen 
and collaborators (J. pr. Chem. [ii], 1913, 88, 
765; 1917, 95, 160; 1921, 101, 69) and the 
following have been described : 1-bromo-P- 
naphthylamine, m.p. 63° (acetyl, m.p. 140°) ; 
G-bromo-P-napiithylaminc, m.p. 128° (acetyl, m.p. 
192°); \\Q-dibromo-p~naphlhylamine, m.p. 119- 
120°; 3:G-dibromo-P-napJithylamine, m.p. 187° 
(acetyl, m.p. 195°); i-bromo-P-naphthylamine 
has m.p. 71-6° (acetyl, m.p. 189°) (Fries and 
Schimmolschmidt, Annalcn, 1930, 484, 269) and 

5-(or 8-)-broino-P-naphlhylainine, m.p. 35° (acetyl, 
m.p. 168°) (von Braun ct al., Ber. 1922, 55 [B], 
1698). 

NlTBO-jS-NAPHTIIYI-AMINES. 

Nitration of jS-nnphthylamino in sulphuric 
acid gives the 6- and S-mononitro derivatives, 
but when acyl derivatives of the base are nitrated 
a different course is followed. Thus acot-jS- 
naphthahdo gives first mainly tho 1-nitro 
(about 60%) along with the 6- and 8-nitro 
derivatives (about 15% each), and on dinitration 
the 1:6- and l:8-dinitro derivatives (Vcsol;^ and 
Jakes, BuU. Soc. chim. 1923, [iv], 83, 942) and 
some l:G-dinitro derivative (Bell, J.C.S. 1929, 
2784). When, however, p-toluonc3tilphon-)S- 
naphthalido is nitrated, tho l-nitro-derivativo 
is first formed, and by further nitration only tho 
l;6-dinitro-compound (Jlorgan and IMicIde- 
wait, ibid. 1912, 101, 148; Bell, i.c.). Bell 
obtained tho 1:5 and l:8-dinitro derivatives bj' 
nitrating respectively 5- and 8-nitro-p-toluono- 
sulphon-jS-naphthalido. Ho found that nitration 
of m-nitrobonzcncsulphon-)5-nnphthnlido gave 
successively tho l:6-dinitro and l;6:8-trinitro- 
dcrivatives. IWion N-/8-nnphthyl - N' - cthj-l - 
carbamide or mothyl ^-naphthylcarbaraato is 
nitrated, 1-, G-, and 8-nitro derivatives are 
formed, followed by 1:6- and l:8-di- and finally 
l;0:8-tri-nitro derivatives (Grooncvold, Bee. trav. 
chim. 1932, 51, 783). 

6- and 8-Nitro-j3-naphthylnminoswhon coupled 
with diazo-compounds form l-azo derivatives 
which on oxidation give nitronaphthatriazolcs, 
reducible to aminonaphthatriazolcs such ns 



Such compounds have been patented ns azo- 
dye intermediates (Holliday and iMorgnn, B.P. 
191797 ; Morgan and Cliaznn, J.S.C.I. 1922, 41, 
1t; Morgan and Gilmour,t6id.,p.6lT). Morgan 
and Jones have also described condensation 
products of 1-, G-, and 8-nitro-)5-naplithylamino 
with formaldehyde (ibid. 1923, 42, 92t). 

The nitration of j8-naphthylamine-6-suIphonio 
acid (Bronnor’s acid) to the 8-nitro.dorivativo 
and_ of ^-naphthylamine-4:8-di8ulphonic acid 
(amino-C-acid) to the 6-nitro-dorivativo have 
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been carried out by Voroscbcov and Gribov 
(A. 1923, i, 919). 

Vesely and DvSrak, by nitrating l-bromoacet- 
/S-naphtbalide obtained l:8-dinitroacet-)3-naph- 
thalide with some S-nitro-l-bromoacet-jS-naph- 
thalide. Both 6- and 8-nitroacet-;8-naphthalide 
brominate in the 1-position (Chem. Listy, 1923, 
17, 163). The colour of the nitronaphthylamines 
in relation to their possible structure has been 
discussed by Hodgson and H. S. Turner (J. Soc. 
Dyers and Col. 1943, 59, 218). 

(i) l-Nitro-^-naphthylamine.— The pre- 
paration of this compound by nitrating acet-jS- 
naphthaUde in acetic acid is described by 
HeUpem and Spielfogel (J.S.C.I. 1898, 17, 836). 
Vesely and Jakes used acetic anhydride as 
medium. They dissolved 30 g. of acet-fi- 
naphthalide in 40 g. of warm acetic anhydride, 
and after cooling added 20 g. of 60% nitric 
acid to the fine suspension, at 26-30°. The 
whole was then dissolved by warming, cooled 
and seeded with l-nitroacet-^-naphthafide. The 
mass of crystals separating was filtered and 
recrystaUised from alcohol. l-Nitroacet-P-naph- 
thalide has m.p. 126° ; 1-nitro-P-naphthylamine 
obtained by hydrolysing the acetyl compound 
forms orange-yeUow crystals, m.p. 126-127° 
(BuU. Soc. chim. 1923, [iv], 33, 942). From its 
diazonium compound Voroschcov has prepared 
l-nitronapTitlmlenesulphinic acid (J. Gen. Chem. 
Russ. 1939, 622). By mercuric acetate it is 
converted into the Z-mercuriacetate, whence 
3-iodo~l-‘nitro-2-napMhylamine is obtained 
(Hodgson and Elliott, J.C.S. 1939, 346). 

1 - Nitroacet - ^ - naphthalide gives 1 - nitro- 
p-naphthol when boiled with aqueous caustic 
soda (Jacobson, Ber. 1881, 14, 1792). 

(ii) 3-Nitro-)S-naphthylamine is obtained 
by reduction of 2:3-dinitronaphthalene with 
sodium sulphide in methyl alcohol in presence 
of sodium bicarbonate. It forms red needles, 
m.p. 86-5°; picrate, m.p. 171-172°; acetyl 
derivative, m.p. 191-5-192-6° (Hodgson and 

H. S. Turner, J.C.S. 1943, 636). The base is 
soluble in dilute hydrochloric acid. 

(iii) 4-Nitro-j8-naphthylamine is produced 
together with 3-nitro-l-naphthylamine {q.v.) 
when l:3-dinitronaphthalene is reduced. It 
crystallises from 50% aqueous alcohol in red 
needles, m.p. 98'5° (Hodgson and Hathway, ibid. 
1944, 386) ; formyl derivative, m.p. 205° ; acetyl 
derivative, m.p. 241° (Hodgson and BirtweS, 
ibid. 1944, 76). 

(iv) 6-Nitro-;8-naphthyIamine is formed 
as chief product, together with the 8-isomer, 
when jS-naphthylamine nitrate (1 part) is 
stirred into monohydrate (4 parts) at 0°, 20% 
anhydro-acid (2 parts) being added gradually 
during the operation, and separates in the cold 
as sulphate when the nitration product is 
diluted with water (50 parts), the more soluble 
sulphate of the 8-isomer being retained in the 
mother-liquor (Hirsch, G.P. 67491 ; B.P. 9768, 
1890; Friedlander and Szymanski, Ber. 1892, 
25, 2076). It forms red needles, m.p. 143-6°; 
its acetyl derivative yellow needles, m.p. 185-5° ; 
p-toluenesulphonyl derivative, m.p. 158° (Bell, 

I. C.). 

Reactions . — From its diazo-compound 5-nitro- 
P-nap7ithol has been obtained. By reduction 


with iron and acetic acid it yields l:6-diamino- 
naphthalene (Friedlander and Szymanski, l.c.); 
but when boiled with sodium sulphite or bisul- 
phite solution it is converted into a l:6-(Ztomino- 
naphthalenesulphonic acid (Read, Holliday and 
Sons,’B.P. 26020, 1896). 

(v) 6 - Nitro - p - naphthylamine, orange 
fiakes, m.p. 203° ; acetyl derivative, yellow 
needles, m.p. 224° (Vesely and Jakes, BuU. Soc. 
chim. 1923, [iv], 33, 942). It forms Q-nitro-2- 
naphthylarsinic acid (Sweet and Hamilton, 
J. Amer. Chem. Soc. 1934, 56, 2408). 

6-Nitro-P-naphthylamine-8-8ulphonic Acid, ob- 
tained by nitrating j3-naphthylamine-8-8ul- 
phonic acid dissolved in sulphuric acid (Immer- 
heiser, G.P. 67023), gives a barium salt, 
BaA2-f4i[H20, and ammonium salt, NH^A, 
in red crystals (Jacchia, Annalen, 1902, 323, 
119), and yields 2:6-diaminonaphthalene on re- 
duction with sodium amalgam (Friedlander and 
Lucht, Ber. 1893, 26, 3033). 

The iA-disulphonic acid is obtained by 
nitrating acet-j8-naphthalide-4:8-disulphonio acid 
in sulphuric acid solution and hydrolysing the 
product (Hochst, G.P.a. 31417). 

(vi) 7-NItro-]8-naphthylamine, m.p. 184-6°, 
is obtained by mono-reduction of 2:7-dinitro- 
naphthalene (Hodgson and Ward, J.C.S. 1945, 
690) 

(vii) 8- Nitro -j3- naphthylamine (see 5- 
nitro-jS-naphthylamine) forms red needles, m.p. 
103-6°, and its acetyl derivative, yellow needles, 
m.p. 195-5°; p-toluenesulphonyl derivative, 
m.p. 139° (BeU, l.c.). From its diazo-compound 
8-nitro-P-naphthol can be obtained, and it gives 
li7-diaminonaphthalene on reduction (Ekied- 
ISnder and Szymanski, ibid. 1892, 25, 2081). 

(viii) 1:6- Dinitro - j?- naphthylamine has 
m.p. 191° ; it is yeUow in colour ; acetyl deriva- 
tive, m.p. 200-201° (Vesely and Jakes, l.c.); 
p-toluenesulphonyl derivative, m.p. 182° (BeU, 

I.C.). 

(ix) l:6-Dinitro-i3-naphthylamine, m.p. 
246°, gives an acetyl derivative, m.p. 230° 
(BeU, l.c.). 

(x) l:8-Dinitro-)J-naphthylamine forms 
both yeUow and orange crystals, m.p. 221- 
222° ; acetyl derivative, m.p. 237-238° (Groene- 
veld, l.c.) ; p-toluenesulphonyl derivative, m.p. 
221° (BeU, l.c.). 

(xi) l:6:8-Trinitro-j8-naphthylamine, m.p. 
300° (decomp.), is described by BeU (l.c.). 

DIAkHNONAPHTHALENES. 

The ten possible diaminonaphthalenes are aU 
known. The methods employed in their pro- 
duction involve usuaUy either replacement of 
hydroxyl by amino- in aminonaphthols or di- 
hydrox 3 maphthalenes, or reduction of dinitro- 
naphthalenes or nitronaphthylamines or of azo- 
dyes. They are not in themselves technicaUy 
important except for the identification of azo-dye 
components. 

For the preparation of the 1:2- or l-.4-diamino- 
naphthalene, reduction of the o- or p-azo-dyes 
of the naphthalene series by stannous chloride 
can be employed ; and for that of the 1:3- 
derivative use is made of the naphthylamine- or 
naphthol-3-sulphonic acids, as these exchange 
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the sulphonic-groTip in the »ncfa-position for an 
amino-gronp when heated with ammonia. 
These homonucleal compounds respectively 
resemble in properties the ortho-, para-, and 
?neto-diamines of the benzene series. 

Of the heteronucleal compounds, the 1:6 
derivative has been used for the production of 
disazo-dyes, but the interest attaching to the 
1:8- derivative is due less to its property of 
coupling with diazotised bases than to the 
readiness with which — like the 1:2- and 2:3- 
diamines — ^it forms a third sLs-membered ring. 
Some of these peri-condensation products are 
coloured, others colourless, and, according to 
Sachs, colour or its absence is associated with 
the presence or absence of an imsaturated linking 
in the new ring (Annalen, 1909, 365, 53) : 



CCH, 



Colourless. Green. 

N 



Hed. 


The diaminonaphthalenes crystallise well, 
but, as a rule, are less stable, and therefore less 
siutable for the production of dyestuffs, than the 
respective diaminonaphthalcnesulphonic acids. 
With nitrous acid, the 1:2-, 2:3-, and 1 :8-dinmincs 
furnish azimino-compounds, but the l:4-dinmino 
is oxidised to [a-]naphthaquinono ; the hetcro- 
nucleal diamines other than the l:8-i8omer give 
tetrazo derivatives, of which that from the 1:6- 
diamine furnishes substantive disazo dyes for 
cotton (Badische, G.P. 39954). 

Voroshcov (A. 1922, i, 956) considers that the 
analogues of benzidine in the naphthalene series 
are the 1:4-, 1:5-, 1:6-, and 2;6-diaminonaphtha- 
lenes which likewise furnish substantive azo- 
dyes. Substantive azo-dyes have also been 
obtained from the diacetoacetyl derivatives of 
the 1:4-, 1:5-, and 2:6-diammonaphthalenes — 
these melt respectively at 197°, 249-250°, and 
203-204° with decomposition (Griesheim, B.P. 
211772). 

(i) l:2-DiaminonaphthaIene is obtained 
by reducing azo-compounds derived from )3- 
naphthylamine by coupling with diazotised 
bases (Griess, Ber. 1882, 15, 2193; Lawson, 
1885, 18, 800, 2423 ; Sachs, ibid., p. 3128; 
Witt, ibid. 1886, 19, 2795; 1888, 21, 3482); 
or [^-]naphthaquinonedioxime (Koreff, ibid. 

2-nitro-a-naphthylamine 
(Lellmann and Remy, ibid., p. 803) ; or 1-nitro-S- 
naphthylamine (Lawson, l.c.; Lellmann and 
Kemy, lx.) with stannous chloride in hydro- 
chlonc acM solution. It can also be obtained 


from l;2-diaminonaphthalene-4-sulphonic acid 
(Eriedlander and Kielbasinski, ibid. 1896, 29, 
1978) or 3- or S-sulphonic acid (Gattermann and 
Schultze, ibid. 1897, 30, 53, 65) by interaction 
with sodium amalgam. 

Preparation. — On the laboratory scale, 10 g. 
of benzoneazo-^-naphthylamino, dissolved in 
300 g. of boiling dilute acetic acid (1:5), are 
reduced by adding zinc dust in small quantities 
until the colour of the solution changes to bright 
yellow. The sulphate, obtained by_ filtering 
the boiling solution into dilute sulphuric acid, is 
then boiled with sodium carbonate solution until 
dissolved (Bamberger and Schieffelin, ibid. 

1889, 22, 1376). 

Identification. — ^It separates from hot water in 
silvery rhombic scales, m.p. 95-96°, and is 
oxidised rapidly, becoming brown on exposure 
to the air. The hydrochloride, B,2HCi, forms 
short prisms easily soluble in water, and with 
ferric chloride gives an olive-green coloration, 
changing to brown and yellow; the sulphate, 
Bj.HoSOj, scales; the diacc/yl-compound, 
needles, m.p. 231° (Lawson, l.c.). With benzil, 
[/3-]naphthnquinonc, phenanthraquinonc (Luav- 
son, l.c. ; Witt, he.), or glyoxal (Hinsberg, Ber. 

1890, 23, 1394), it jnclds quinoxalines, and with 
nitrous acid a mixture of the two azimino- 
compounds (hlorgan and Godden, J.C.S. 1910, 
97, 1718). 

The 1-acctyV derivative has been obtained, not 
by acetylation but mixed with the l:4-compound 
{q.v.), by nitration of acct-a-naphthalido and 
reduction of the product (G.P.a. 6503). 

2-Phenylamino-a-naphihylaminc, broad needles 
or scales, m.p. 138-140°, forming vorj’^ sparingly 
soluble salts (Witt, ibid. 1887, 20, 573, 1184; 
Zincke and Lawson, ibid., p. 1170) ; and the 
2--p-tolyl derivative, needles, m.p. 146-147° 
(Fischer, ibid. 1892, 25, 2846), have been 
obtained by reduction of azo derivatives of 
phenyl- and p-tolyl-j3-naphthylnmino. - 

(ii) l:3-Diaminonaphthalene is formed 
when l:3-dinitronaphthnlcno is reduced Avith 
tin and hydrochloric acid (Urban, ibid. 1887, 
20, 973). It is also produced Avhon sodium a- 
naphthylaminc- or a-naphthol-3-sulphonato is 
heated Avith ammonium chloride and 22% 
ammonia imdcr pressure at 160-180° (Kallo, 
G.P. 89061; B.P. 9103, 1895); or Avhon 1- 
amino-3-nnphthol (Friedlfinder, Bor. 1895, 28, 
1953) or l:3-dili3'dro.x3Tiaphthnleno (Fried- 
lander and Riidt, ibid. 1896, 29, 1612) is heated 
Avith concentrated aqueous ammonia \mdcr 
pressure at 150°. 

Identification . — It crystaUics from Avater in 
scales, m.p. 96°; its hydrochloride, B,2HCI, and 
sidphate, in easUy soluble needles, which in 
solution give a dark brown coloration Avith 
ferric chloride ; the diacetyl compound in 
sparingly soluble needles, m.p. 263° (Fried- 
lander, l.c.). With diazotised bases it gives 
chrysoidines, and with nitrous acid a deep 
yeUoAV coloration (Urban, l.c.). 

l:2-Dianilinonaphthalcne is obtained when a- 
naphthyIamine-3-sulphonic acid (Bayer, G.P. 
75296; B.P. 8898, 1893), phenyl-a-naphthyl- 
amine-3-sulphonic acid (Bayer, G.P. 78854; 
B.P. 19623, 1893), or a-naphthol-3-Bulphonicacid 
(Bayer, G.P. 77866 ; B.P. 16780, 1893) is heated 
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■with aniline and a nilin e hydrochloride at 15(K- 
170°. It is insoluble in and its hydrochloride 
is decomposed by 'water. The corresponding 
ditolyl, d^lyl, and phenyltolyl derivatives have 
also been prepared. 

(iii) l:4-Diaminonaphthalene is formed by 
reducing azo derivatives of a-naphthylamine 
■with tin or stannous chloride and hydrochloric 
acid (Perkin, J.C.S. 1865, 18, 173 ; Griess, Ber. 
1882, 15, 2192; Eriedlander, ihid,. 1889, 22, 
590) or -with sodium hydrosulphite (Grand- 
mougin, ibid. 1906, 39, 3561) ; or by reducing 
4-iiitro-a-naphthylamine -with tin and hydro- 
chloric acid (Liebermann and Dittler, Annalen, 
1876, 183, 238). It is also formed by hydrolysing 
l:4-diaminonaphthalene-6-sulphonic acid (Cas- 
seUa, G.P. 74177; B.P. 15444, 1893). 

Preparation . — On the laboratory scale, ben- 
zeneazo-a-naphthylamine is boiled 'with zinc 
dust and water, the colourless solution filtered 
into dilute sulphuric acid, and the crystalline 
sulphate warmed ■with aqueous sodium carbonate 
for about 5 minutes (Bamberger and Schieffelin, 
Ber. 1889, 22, 1381). 

Identification . — ^It crystallises from water in 
needles or small prisms, m.p. 120°, which when 
moist rapidly become coloured green and decom- 
pose. The hydrochloride, B,2HCI, forms readily 
soluble scales, and in neutral solution ■with ferric 
chloride gives a green coloration, changing to a 
bro-wn precipitate of impure [a-]naphthaquinone 
(Griess, l.c .) ; the sulphate, B,H 2 S 04 , sparingly 
soluble needles ; the diacetyl derivative, needles, 
m.p. 305° (Kleemann, ibid. 1886, 19, 334 ; Bam- 
berger and Schieffelin, l.c.). 

Reactions . — By nitrous acid (Grandmougin 
and Mchel, ibid. 1892, 25, 977) or by dilute 
chromic acid solution, or ferric chloride, it is 
oxidised to [a-lnaphthaquinone. 

MonoacetyUhi-diaminonaphthalene is ob- 
tained, mixed ■with the 1:2- derivative, when 
acet-a-naphthalide is stirred "with four times its 
weight of 40% nitric acid at 0° during about 18 
hours and the product reduced by iron. To 
separate the isomers, the' mixttue (1 mol.) is 
either heated ■with dilute hydrochloric acid (1 
mol.) at 80° when the hydrochloride of the 1:4- 
derivative passes completely into solution and 
can afterwards be salted out, or boiled ■with 
dilute sidphuric acid (J mol.) when the sulphate, 
being only sparingly soluble in the cold, can be 
freed from the 1:2- derivative which remains in 
solution (Dahl, G.P.a. 6503). Unlike the di- 
amine, which is not diazotisable, this compound 
can be used in the production of disazo-dyes, as 
the free amino-group can be diazotised and 
coupled before the acetylamino -group is 
deacetylated. 

(iv) 1:5 - Diaminonaphthalene ([a-]dt- 
aminonaphthalene ; semi-naphthalidam) is ob- 
tained from l:5-dinitronaphthalene by reduc- 
tion. It is also formed when l:5-dihydroxy- 
naphthalene is heated ■with ammonium bisul- 
phite solution and ammonia at 125° (Badische, 
G.P. 117471 ; B.P. 1387, 1900) ; or when 1:5- 
diaminonaphthalene-2-sulphonio acid is heated 
with dilute mineral acid (Eriedlander and Kiel- 
basinski, Ber. 1896, 20, 1983); or when a- 
naphthylamine is heated ■with naphthalene and 
sodamide at 230° (Sachs, ibid. 1906, 39, 3021). 


Identification . — It ciystaUises in needles, m.p. 
189'5°, sublimes ■without decomposition, and 
with ferric chloride gives an intense blnish- 
■violet coloration. The hydrochloride, B,2HCI 
and the sulphate, B,H 2 S 04 , form moderately 
soluble needles ; the monoacetyl compound has 
m.p. 164° (Ruggli and Knapp, Helv. Chim. Acta, 
1930, 13, 763) ; the diacetyl compound, m.p! 
360°, unlike the diamine, causes serious irritation 
of the skin (Kunckell and Schneider, Chem.- 
Ztg. 1912, 36, 1021, 1226 ; c/, Chem. Eabr. E. 
Scheuble & Co., ibid., p. 1226). It is convertible 
into l:5-dichloronaphthalene (Erdmann, An- 
nalen, 1888, 247, 360). 

Reactions . — With nitrous acid it yields a 
letrazo-compound, and, by coupling ■with di- 
azotised bases, azo- or disazo-dyes. By the 
bisulphite reaction, l-amino-S-naphfhol is the 
product. On sulphonation, its sulphate yields 
l:5-diaminonaphthalene-2-sidphonic acid. 

(v) l:6-Diaminonaphthalene, prepared by 
heating l:6-dihydroxynaphthalene ■with am- 
monia under pressure at 150-300° (Ewer and 
Pick, G.P. 45788), or )S-naphthylamine ■with 
sodamide and naphthalene at 230° (Sachs, Ber. 
1906, 39, 3022), can be obtained pure by 
reducing either 5-nitro-jB-naphthylamine with 
iron and acetic acid (Eriedlander and Szymanski, 
ibid. 1892, 25, 2080; cf. Hirsch, G.P. 57491; 
Dawson and Hirsch, B.P. 9768, 1890), or 1:6- 
dinitronaphthalene -with tin and hydrochloric 
acid (Kehrmann and Matis, Ber. 1898, 31, 2419). 

Identification . — ^It crystallises from water in 
short needles, m.p. 77'6°, darkens on exposure 
to air, shows blue fluorescence in solution, and 
gives with ferric chloride a dark bro'wnish-'violet 
coloration. The hydrochloride, needles, is easily, 
but the sulphate, B,H 2 S 04 , needles, only 
sparingly soluble in water ; the diacetyl deriva- 
tive needles, m.p. 257°, ^solves sparingly in 
alcohol. The tetrazo-compormd is convertible 
into IS-dichloronaphthalene (Eriedlander and 
Szymanski, l.c.). 

(vi) 1:7 - Diaminonaphthalene is pre- 
pared by reducing 8-nitro-j3-naphthylamine in 
alcoholic solution with tin and hydrochloric 
acid (Eriedlander and Szymanski, ibid. 1892, 25, 
2082), or by heating l:7-dihydroxy-)S-naphthoic 
acid with ammonia under pressure at 200- 
210° (Eriedlander and Zinberg, ibid. 1896, 29, 
40). 

Identification . — It crystallises from water in 
needles, m.p. 117-5°, gives ■with ferric chloride a 
■violet coloration, and forms a diacetyl derivative, 
rhombohedra, m.p. 213°. The telrazo-compoimd 
is convertible into l:I-dichloronaphthalene (Eried- 
lander and Szymanski, l.c.). 

(■vii) l:8-DiaminonaphthaIene (peiinaph- 
thylenediamine) can be obtained by reducing 
l:8-dinitronaphthalene with tin and hydro- 
chloric acid (Ladenburg, ibid. 1878, 11, 1651; 
Erdmann, Annalen, 1888, 247, 363). It is also 
formed when l:8-dihydroxynaphthal6ne is 
heated ■with ammonia under pressure at 250- 
300° (Erdmann, l.c.). • 

Identification . — ^It crystallises from aqueous 
alcohol in needles, m.p. 67°, and in aqueous 
solution gives, ■with ferric chloride, a dark 
chestnut-brown coloration. The hydrochloride. 
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B,2HCI, forms very soluble scales, m.p. 280° 
(Ekstrand, Ber. 1887, 20, 1353) ; the sulphate, 
B,H 2 S 04 , sparingly soluble needles; the 
dibemoyl derivative, needles, m.p. 311-312° 
(Sachs, ibid. 1906, 39, 3027) ; and the oxalate, 
either needles, m.p. 271° (Sleyer and Muller, 
ibid. 1897, 30, 775), or BA+ 2 H 2 O, decomp. 
270°; B„A, m.p. 205° (Sachs, Annalen, 1909, 
365, 101)." 

Beactions. — ^Many condensation products can 
be obtained from this diamine. Eor example, 
ivith acetic anhydride it forms a green anhydro- 
compound, m.p. 210° (Sachs, Ber. 1906, 39, 
3027) ; vTith ethyl oxalate, a red ciyatalUne 
“ perimidine'" derivative (Aguiar, ibid. 1874, 
7, 306 ; Meyer and Muller, l.c. ; Sachs, ibid. 
pp. 69, 96) ; with phthalic anhydride a yellow 
perimidylbenzoic acid or red phthaloperinone, 
needles, m.p. 227-228° (Sachs, ibid., p. 117; Bayer, 
G.P. 202354 ; B.P. 7575, 1908) ; with acetone a 
colourless dimeihyldihydroperimidinc (cf. Sachs, 
ibid., p. 151 ; Badische, G.P. 122475) ; with 
phosgene or alliyl carbonates, colourless perimi- 
dones (Sachs, ibid., p. 135). 

With nitrous acid, it yields a red azimino 
derivative, and can be converted into a tdrazo- 
compound (Ruggli, Helv. Chim. Acta, 1935, 18, 
1414). Its acid sulphate, when baked in a 
vacuum, is converted into l:8-diavunonaphtha- 
leneA-sulphonic acid. Boiled with sodium bi- 
sulphite solution and afterwards with alkali, it 
gives 1-amino-B-naphtkol ; but when heated with 
17% hydrochloric acid at 180° the product is 
l:8-dihydroxynaphthalene. 

It has been claimed as a rubber preservative 
(Goodrich, U.S.P. 1532398). 

(viii) 2:3 - Diaminonaphthalene is ob- 
tained by heating 2;3-dihydroxynaphthalcno 
with 30% ammonium sulphite solution and 
20% ammonia at 80°, the product afterwards 
being acidified (Badische, G.P. 117471 ; B.P. 
1387, 1900; see Goldstein and Streuli, Hclv. 
Chim. Acta, 1937, 20, 620). 

Identification. — It crystallises from water in 
scales, m.p. 191°, and gives no coloration Arith 
ferric chloride. The hydrochloride is easily, but 
the sulphate only sparingly, soluble. The 
diacetyl derivative forms needles, m.p. 247°, 
convertible by prolonged boiling with acetic 
acid into an anhydride, m.p. 168°. 

Beactions. — ^Its behaviour is that of an o- 
diamine. With nitrous acid it yields an azimino 
derivative, yellow needles, m.p. 187°, and with 
diazotised bases (1 mol.) it couples giving red 
azo-dyes (Friedlander and Zahrzewski, Ber. 
1894, 27, 764). 

The diphenyl derivative obtained by heating 
2:3-dihydroxynaphthalene and aniline Avith 1% 
of iodine at 200°, forms needles, m.p. 143° 
(Knoevenagel, J. pr. Chem. 1914, [ii], 89, 37). 

(ix) 2;6-piaminonaphthaiene is obtained 
when 2:6-dihydroxynaphthalene is heated Arith 
ammonia^calcium chloride at 270° (Jacehia, 
Annalen, 1902, 323, 132). It is also formed 
by reduction of 2:6-diaminonaphthalene-4-8ul- 
phonie acid Avith sodium amalgam (Friedlander 
and Lucht, Ber. 1893, 26, 3033). 

Identification. — It crystallises in scales, m.p. 
216°, darkens on exposure to the air, and Avith 
ferric chloride gives a green coloration, Avhich 


changes to blue Avhen the solution is warmed. 
The sulphate is sparingly soluble ; tho diacetyl 
derivative forms needles. 

The diphenyl derivative, obtained by heating 
2.*6-dihydro.xynaphthaleDe Avith anUino and 
aniline hA'drochlorido at 170°, melts at 210° 
(Leonhardt, G.P. 64087 ; B.P. 3098, 1890). 

(x) 2:7-Diaminonaphthalene is obtained 
Avhen 2:7-dihydroxynaphthnlcne is boiled With 
ammonium sulphite solution and ammonia 
(Franzen and Deibol, J. pr. Chem. 1908, [ii], 
78, 165). It is also formed from 2-amino-7- 
naphthol by tho bisulphite reaction (Buchcrer, 
ibid. 1904, [ii], 69, 80). 

Identification. — ^It crystallises from water in 
scales, m.p. 161°, and gives no coloration Avith 
ferric chloride. Its salts aro easily soluble. Tlio 
diaedyl derivative forms needles, m.p. 254°. 

BcadioTis. — Diazotised in acetic acid solution, 
it yields only a diaro-compound (Kaufler and 
Ivarrer, Ber. 1907, 40, 3263), but in sulphuric 
acid a Ictrazo- dcriAmtivc convertible into 2:7- 
dichloronaphlhalcnc (Morgan and Micklcthwait, 
J.C.S., 1910, 97, 2558). By the bisulphite 
reaction it furnishes 2-amino-l-naphthol. 

2:l-DianiIinonaphthalcnc, obtained when 2:7- 
dihydroxynnphthalono is heated Avith aniline 
and aniline hydrochloride at 140-180° (Durand 
and Huguenin, G.P. 40886 ; Annaheim, B.P. 
14283, 1886; Bor. 1887, 20, 1372), forms 
scales, m.p. 163-164°; its diaedyl derivative, 
small crystals, m.p. 197-5° (Clausius, ibid. 1890, 
23, 628). 

Tho o-tolyl, m.p. 106° ; pdolyl, m.p. 236-237°; 
and m-xyhjl, m.p. 130°, derivatives have also 
boon prepared (Durand and Huguenin, l.c.). 

DlASflKONAPilTilALENEStrLHrOXIO AOWS. 

Tho methods by Avhich sulphonic acids of the 
hctcronuclenl diaminonaphthalcnes can bo ob- 
tained do not lend themselves to generalisa- 
tion ; those for tho production of homonuclcnl 
diaminonaphthnlenesulphonic acids can bo 
summarised : 

1. For 1:2- or l:4-diaminonnphthnlcncsul- 
phonic acids : reduction of azo-dyes formed by 
coupling diazotised bases Avith the ai)propriato 
/5- or a-naphthj’-laminc-sulphonic acids (cf. Witt, 
ibid. 1888, 21, 3485 ; Roverdin and do la Harpo, 
ibid. 1892, 25, 1403 ; 1893, 26, 1281). 

AVhen ns may bo tho case Avith azo-dyes 
obtained by coupling Avith o-naphthyIamino-3- 
or 6-sulphonic acid, a mixture of tho 1:2- and 
l:4-diominonnphthaloncsulphonio acids is ob- 
tained, tho ready solubility of tho 1:2 deriA'ativo 
in sodium sulphite solution in tho cold affords a 
convenient means for achioAung their separation 
(Gattermann and Liobormann, Annalen, 1912, 
393, 206). 

2. For 1:3 - diaminonaphthalcnosulphonic 
acids: interaction of a-naphthylamino- or o- 
nnphthol-3-sulphonic acids with ammonia at 
high temperatures (Kalle, G.P. 89061 ; B.P. 
9103, 1895) (formulcQ on p. 328a). 

Diaminonaphthalonesulphonio acids have been 
used to a limited extent for tho production of 
azo-dyes and their diaryl derivatives for tho 
mamuacture of avooI dyes of tho azino series. 

For Azo-dyes . — ^Diaminonaphthalonesulphonio 
acids yield azo-dyes, by coupling AAlth di- 
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azotised bases if derived from the 1:5-, and 2:7- 
diamines. Like the base itself, l:5-diamino- 
naphtbalene-3:7-disuIphoiiic acid fumisbes a 
tetrazo-compoimd which, when coupled, gives 
direct cotton dyes (Gassella, G.P. 62076 ; B.P. 
16346 ; 15347, 1890). 



1:4-Diaininonaphthalenestilphordc acids do not 
couple with diazotised bases. By nitrous acid, 
they are usually oxidised, but azo-dyes can be 
made from them by emplo 3 Tng the mono- 
acetyl derivatives in which the one amino- 
group can be diazotised and coupled before the 
other is deacetylated (cf. CasseUa, G.P. 78831 ; 
79910; B.P. 15444, 1893). The 2-sulphonic acid 
can be diazotised in acetic or oxalic acid solution, 
but only one amino-group is attacked until the 
product has been coupled with a naphthol, when 
the second becomes reactive, and by coupling 
furnishes substantive disazo-dyes for cotton 


(Levinstein, G.P. 102160; B.P. 2946, 17064 
1896). 

1:8-Diaminonaphthalenesulphonic acids form 
azimino derivatives with nitrous acid. They 
couple with diazotised bases forming azo-dyes, 
but a marked increase in fastness and purity of 
shade is obtained if instead of the diamino-acids 
their acetone condensation products (dimethyldi- 
hydroperimidines) are used (Badische, G.P. 
121228; 122476; B.P. 12819, 1900), or if the 
azo-dyes, formed by coupling l:8-diamino- 
napbthalenesulphonic acids with diazotised 
bases, are converted into azimino derivatives 
(CasseUa, G.P. 77425 ; B.P. 24714, 1893 ; G.P. 
139908; B.P. 26147, 1901; Bayer, G.P. 
222928; cf. Hochst, G.P. 143387; B.P. 953, 
1903). 

For Azines . — The sulphonic acids employed 
in the production of azine dyes are those derived 
from the diaryl-l:3-diaminonaphthalenes (Bayer, 
G.P. 78497; 77189; 80778; 86223; 86224; 
B.P. 8898; 11892, 1893), and from the diaryl- 
2:6- and diaryl-2:7-diaminonaphthalenes (Leon- 
hardt, G.P. 64087 ; B.P. 3098, 1890). Of these 
the l:3-dianilinonaphthalene-8-sulphonic acid 
is the most important. 

The sources and general characters of diamino- 
naphthalenesulphonio acids are summarised in 
the foUowing tables, references to fluorescence, 
usuaUy green in colour, or non-fluorescence cf 
solutions of the alkali salts being omitted. 


DlAMINONAPHTHAI.ENEMONOSTILraOin;0 AOIDS. 


Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

N;N:S 

1:2:3 

Reduction of azo derivatives of a-naphthyl- 
amlne-3-sulphonio acid (Gattennann and 
Schulze, Ber. 1897, 30, 64). 

Acid, HA, broad needles. 

Gives intense emerald-green coloration with 
ferric chloride. 

1:2:4 

Reduction of azo derivatives of a-naphthyl- 
amine-4-svilphonic acid (Witt, ibid. 1886, 19, 
1720) ; or of Congo Red (FriedlSnder and 
Kielbasinski, ibid. 1896, 29, 1978). 

Acid, sparingly solubleneedles. Is decomposed 
by nitrous acid and does not couple. 

Acetyl derivative converted into ethenyl-com- 
pound by mineral acids or heat (Lange, G.P. 
67942). 

1:2:6 

Reduction of azo derivatives of a-naphthyl- 
amine-S-sulphonic acid (Gattennann and 
Schulze, ibid. 1897, SO, 63, Vorontsov, Amer. 
Chem. Ahstr. 1940, 2360) or of fl-naphthyl- 
amhie-6-sulphonlc acid (Witt, Ber. 1888, 21. 
3486). 

Acid, HA, sparingly soluble leaflets. Is decom- 
posed by nitrous acid and does not couple 
with diazotised bases. 

1:2:6 

Reduction of azo derivatives of ^-naphthyl- 
amine-6-sulphonio acid (Witt, ibid. 1888, 21, 
3484). 

Acid, sparingly soluble needles ; sodium salt, 
scales. Is decomposed by nitrous acid and 
does not couple with diazotised bases. 

1:2:7 

Reduction of azo derivatives of B-naphthyl- 
amine-7-sulphonio acid (Witt, iSid. 1888, 21, 
3485). 

Acid, grey powder. Is decomposed by nitrous 
acid and does not couple with diazotised 
bases. 

1:3:5 

a-lSraphthol-3:6-disulphonic acid heated with 
ammonia under pressure at 175° (Kalle, G.P. 
94075). 

Acid, readily soluble. 

Couples with diazotised bases. 

Por diaryl derivatives, cf. Bayer, G.P. 77866 ; 
78854 : B.P. 16780 ; 19623, 1893. 

1:3:6 

a-Kaphthylamine- or a-naphthol-3:6-disul- 
phonic acid heated with ammonia under 
pressure at 160-180° (Kalle, G.P. 89061 ; 
94075 ; B.P. 9103, 1895 ; Priedlander and 
Taussig, Ber. 1897, SO, 1462). 

Acid, sparingly, sodium salt readily, soluble. 
Forms yellow diazo-compound. 

Couples with diazotised bases. 

Por diaryl derivatives, cf. Bayer, G.P. 76414 ; 
77866 ; 78854 ; B.P. 8898 ; 16780 ; 19623, 
1893). 

1;S:7 

a-Naphthylamine- or a-naphthoi-3;7-disul- 
phonlc acid heated with ammonia under 
pressure at 160-180° (Kalle, G.P. 89061 ; 
B.P. 9103, 1895). 

Acid, very sparingly soluble needles. 

Gives reddish-brown coloration with ferric 
chloride. 

Por diaryl derivatives, cf. Bayer, l.c. , 

1:3:8 

a-Kaphthylamine- or a-naphthol-3:8-disul- 
phonio acid heated with ammonia under 
pressure at 160-180° (Kalle, G.P. 89061; 
B.P. 9103, 1895). 

Acid, very sparingly soluble. 

Gives reddish-brown coloration with ferric 
chloride. 

Por diaryl derivatives, cf. Bayer, l.c. 
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DlAMIKOKAPHTHALENEMONOSUIiEPOHlO AoiDS — COtliimici. 


Constitvi- 

tion. 

Preparation. 

Acids, salts, and reactions. 

N:N:S 

1:4:2 

(1) Reduction of azo derivatives of o-naphthyl- 
amine-2-sulphonic acid (Levinstein, G.P.n. 
5939; B.P. 2946, 1896; Oesterreich, c/. 
J.S.C.I. 1898, 17, 836). 

(2) Action of sodium bisulphite on [o-]naphtna- 
quinoneclilorimide (Priedliinder and Rein- 
hardt, Ber. 1894, 27, 239). 

Acid, very sparingly soluble. _ 

Gives dark green coloration with ferric chloride. 
In acetic acid solution forms dtazo-compound 
with nitrous acid (1 mol.), convertible into 
a-naphiliylaminc-Z-mlThomc acid and by 
coupling into azo-dyes in which the second 
amino-group can bo dlazotised and coupled 
to furnish di«<iro-dycs (Levinstein, l.e. ; G.P. 
102160). 

1:4:5 

Reduction of 4-nitro-o-naphthylnmine-5-sul- 
phonic acid (Bayer, G.P. 133951 ; ‘ Levin- 
stein, B.P. 13178, 1899). 

Acid, greyish needles, rapidly oxidised In 
alkaline solution. 

1:4:6 

(1) Sulphonation of acetyl-l:4-diamInonnph- 

thalene with 20% anliydro-acid at 25-50° 
and subsequent deacetylation (Dahl, G.P. 
66354 ; Ammelburg, J. pr. Clicm. 1893, [li], 
48, 286). , , 

(2) Reduction of azo deri%'atlvc3 of a-naphthyl- 
amine-O- or 7-sulphonic acid (Levinstein, 
B.P. 12119, 1898 ; Casselia, G.P. 110922). 

(3) As the mixed 1- and 4-acctyi derivatives 
by nitrating a mixture of acetyiatcd a-napii- 
thyiamlne-6- and 7-sulphonlc acids and after 
salting out reducing the product (Casselia, 
G.P. 74177 ; B.P. 15444, 1893). 

Acid, very sparingly soluble. With nitrous 
acid or ferric chloride forms [a-]-)inp/d/ia- 
Quinonc (Dahl, I.c.). 

Formyl derivative (Gaess, G.P. 138030; 138031 ; 
B.P. 3152 ; 8195, 1902). 

Acetyl derivative (Dalil, I.c. ; cf. Bayer, G.P. 
109609) ; acid, HA, needles, and lead salt, 
PbAj-fliHiO, very sparinglj', but zinc, 
ZnA2-l-3iH20, needles, barium, BaA2-l-7H20, 
flat prisms, and potassium salt, KA, needles, 
easily soluble (Ammelburg, I.c.). 

Gives brilliant blue coloration with ferric 
chloride and Is dlazotised by nitrous acid. 

1:6:2 

(1) Reduction of 5-nltro-a-naplithyIamlne-2- 
sulphonic acid (Cassolln, G.P. 70890 ; Fried- 
lander and KlelbasinskI, Ber. 1890, 29, 1083). 

(2) Sulphonation of l;6-diamInonaphlhaIcnc 
sulphate with 6% anhydro-acld at 100° 
(Bucherer and Uhlmann, J. pr. Chom. 1009, 
[11], 80, 213). 

Acid, sparingly soluble small needles ; sodium 
salt readily ; barium salt, BiA:, sparingly 
soluble. 

Forms an easily soluble yellow tetrazo-com- 
pound. 

Couples with 1 mol. or 2 mol. of a dlazotised 
base. 

1:5:3 

Kltratlon and reduction of a-nltronaphthalcnc- 
7-sulphoiilo acid (Casselia, G.P. 85058), or, 
mixed with l:8:3-acld, of naphthnlonc-S- 
Buiphonic acid (Casseiia, G.P. 07017 ; B.P. 
0972, 1891). 

Acid, sparingly, salts readily soluble ; hydro- 
eJitoride, prisms. 

Forms a Iclroro-compound. 

1:6:4 

(1) Reduction and deacetylation of 6-nltroacct- 
a-naphthalide-4-sulphonlc acid (Nietzkl and 
ZUbelen, Ber. 1889, 22, 451 ; Bucherer and 
Uhlmann, J. pr. Chem. 1909, [ill, 80, 265). 

(2) From 1:5 - dihydroxjTiaphthalcne • 4 - sui - 
phonic acid heated with ammonium bisul- 
phite solution and ammonia (Bucherer and 
Uhlmann, i.c.). 

Acid, very sparingly soluble. 

Forms a fclrazo-compound. 

Couples with dlazotised bases. 

1:6:4 

l-Amino-O-naphthol-4-sulphonlc acid heated 
with ammonia under pressure at 170-180° 
(Dahl, G.P. 65834 ; 71157 ; B.P. 4110, 1892 ; 
Friedliinder and KlelbasinskI, Ber. 1896, 29, 
1979). 

Acid, very sparingly soluble needles ; barium 
and sodium, NaA-mH 20 , salts flat prisms 
moderately soluble. 

Forms a Iclrazo-compound which decomposes 
at 0° into a diazoiiaphlholsulpbonic acid. 

Couples with dlazotised bases. 

1:8:3 

Nitration and reduction of a-nltronaphthalcnc- 
6-sulphonic acid (Casselia, G.P. 85058), or, 
mixed with l:6:3-acid, of naphthalone-8-sul- 
phonic acid (Casselia, G.P. 67017; B.P. 
6972, 1891). 

Acid, sparingly solublo needles ; alkali salts 
readily solublo ; hydrochloride needles. 

Forms an azimiuo derivative. 

Couples with 1 mol. or 2 mol. of dlazotised 
bases. 

1:8:4 

(1) Reduction of l:8-dlnltronaphthalene-4-3Ul- 
phonic acid (Casselia, G.P. 70019; B.P. 
4613, 1893). 

(2) Acid sulphate of l:8-dlamlnonaphthaleno 
" baked ” above 100° in a vacuum (Bayer, 
G.P. 216075 ; B.P. 6831, 1909). 

Acid, almost Insoluble ; sodium salt readily 
soluble ; hydrochloride and sulphate crystal- 
lise well. 

Forms an azimino derivative (cf. Casselia, 
G.P. 77425 : B.P. 24714, 1893). 

Couples with 1 mol. or 2 mol. of dlazotised 
bases. 

2:3:6 

2:6:4 

2:3-DIhydroxynaphthalene-6-sulphonIc acid or 
2-amlno-3-naphthol-6-sulphonlc acid, heated 
with ammonia under pressure at 160-220° 
(Aktienges., G.P.a. 3676 ; B.P. 8381, 1804 ; 
Oesterreich, c/. J.8.C.1. 1898, 17, 836). 

Reduction of 6-nItro-J?-naphthylamlne-8-aul- 
phonic acid (Friedlander and Lucht. Ber 
1893, 26, 3033). 

Acid, sparingly solublo ; sodium salt leaflets, 
showing blue fluorescence In solution ; 
barium salt, BaA 2 . 

Gives brown coloration W’ltli ferric chloride. 

Forms an azimino derivative. 

Couples with 1 mol. of dlazotised bases (Oester- 
reich, I.c.) but with 2 mol. of dlazotised v- 
nltranillne (Atldenges., G.P. 84461). 

Acid, sparingly soluble flat prisms. 

GItcs emerald-green coloration with ferric 
chloride (Jacchia, Annalen, 1902, 323, 130) 
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Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

N:N:S:S 

1;2;3:6 

Reduction of azo derivatives of a-naphthyl 
amlne-3:6-disuIphonio acid (Witt, Ber. 1888, 
21, 3487). 

Acid, sparingly soluble ; acid sodium salt, 
NaHA, needles. 

Gives emerald-green coloration with ferric 
chloride. 

Decomposed by nitrous acid. Does not couple 
in acid solution (Cassella, G.P. 72584). 

1:2:3:8 

Reduction of azo derivatives of a-naphthyl- 
amine-3:8-dIsulphonlo acid (Bernthsen, ibid. 
1890, 23, 3094). 

Acid sodium salt, NaH,A-f 3 H 20 , needles. 
Anhydride (sultam), Cii)H 805 N 2 S 2 -t- 2 H 20 , 
sparingly soluble long needles. 

1:3:(5):7 

a-Naphtliol-3:5:7-trisulphonic acid heated with 
ammonia and ammonium chloride under 
pressure at 160-180® (Elalle, G.P. 90906 ; 
B.P. 9103, 1895). 

Acid, very sparingly soluble needles. 

Gives yellowish-red coloration with ferric 
chloride, and brown with nitrous acid. 
Couples with diazotised bases. 

1:3:6;8 

a-Naphthol- or a-naphthylaimne-3;6:8-trisul- 
phonic acid heated with ammonia and am- 
monium chloride at 160-180’’ (Kalle, G.P. 
90905 ; B.P. 9103, 1895). 

Acid, sparingly soluble leaflets. 

Gives intense green coloration urith ferric 
chloride and brown with nitrous acid. 

Couples with diazotised bases. 

For diaryl derivatives, cf. Bayer, G.P. 77866 ; 
78854 ; B.P. 16780 ; 19623, 1893. 

■ 

Reduction of l: 5 -dimtronaphthaIene- 3 : 7 -di 3 ul- 
phonic acid (Cassella, G.P. 61174 ; B.P. 
15346, 1890 cf. Oehler, G.P.a. 1430; Bayer, 
G.P. 126198. 

Acid, very sparingly soluble leaflets ; sodium 
and barium salts sparingly soluble. 

Forms an insoluble tctrazo-compound (cf. 

Cassella, G.P. 62075 ; B.P. 15346, 1890). 
Couples uith diazotised bases. 

1:5;4;(8) 

l:5-Dinitronaphthalene heated with sodium bi- 
sulphite solution in a reflux apparatiis or 
underpressure (Pischesser, G.P. 79577 ; B.P. 
13156, 1894). 

Acid, readily soluble ; acid barium salt, 
Ba(HA)24- IOH 2 O, moderately soluble. 

Gives a reddish-blue coloration with ferric 
chloride. 

Forms a tetrazo-compound, and couples. 

1:6:3:8 

Reduction of l:6-dinitronaphthalene-3:8-disul- 
phonlc acid (Friediander and Kielbasinski, 
Ber. 1896, 29, 1982 ; cf. ibid., p. 2574). 

Acid, sparingly soluble ; sodium salt, Na 2 A, 
easily soluble needles, showing violet fluores- 
cence in solution. 

Cotiples with diazotised bases. 

1:6;4:8 

Reduction of l:6-dinltronaphthalene-4:8-dlsul- 
phonic acid (Kalle, G.P. 72665 ; Friediander 
and Kielbasinskl, ibid. 1896, 29, .1980 ; cf. 
ibid., p. 2574). 

Acid, sparingly soluble. 

Gives cherry-red coloration with ferric chloride. 
Forms a sparingly soluble tctrozo-compound. 
Couples with diazotised bases. 

1:8:(2):5 

l;8-Diamlnonaphthalene-4-sulphomo acid sul- 
phonated with 8 % anhydro-acid at 80° 
(Cassella, G.P. 72584). 

Acid and sodium salt readily soluble. 

Forms an azimino derivativ’e. 

Couples readily with 1 mol., less readily with 

2 mol., of diazotised bases. 

1:8:3:6 

Reduction of l;8-dinltronaphthalene-3;6-disul- 
phonic acid (Cassella, G.P. 67062 ; B.P. 
1742,1891; Bayer, G.P. 69190 ; B.P. 11522, 
1892). 

Acid •potassium salt, KHA-t- 3 H 20 , needles, 
acid barium salt, Ba(HA) 2 -f 6 H 2 O, sparingly 
soluble needles. 

Gives reddish-brown coloration with ferric 
chloride. 

Forms an azimino derivative (Cassella, G.P. 
69963). 

Couples with diazotised bases. 

2:3;6;8 

2 - Amino - 3 - naphthol - 6:8 - dlsulphonic acid 
heated with 30% ammonia under pressure 
at 185-190° (Aktienges., G.P. 86448 ; B.P. 
8645, 1895). 

Acid, sparingly soluble needles, sodium salt, 
readily soluble. 


2:6- Dihydroxynaphthalenedisulphonic acid 
heated with ammonia and ammonium chlo- 
ride under pressure at 200° (Jacchia, Annalen, 
1902, 323, 131). 

Acid, H 2 A+ 4 JH 2 O, leaflets. 

2:7:3:6 

2:7-Dihydroxynaphthalene-3:6-disuIphonicacld 
heated with ammonia under pressure at 200 - 
220° (Aktienges., G.P.a. 3686 ; B.P. 3844, 
1894). 

Acid, sparingly, sodium salt, readily soluble. 
Gives faint brown coloration with ferric 
chloride. 

Forms a sparingly soluble tctrazo-compound. 
Couples with diazotised bases. 


1:8 - Diaminonaphthalene - 2:4:5 - trisul - Na2HA+2H20, is readily soluble, but the acid 
phonic Acid is obtained -when l:8-dinitronaph- barium salt, BaHA+2H20, only sparingly 
thalene is heated -with sodium bisulphite solu- soluble. The coloration with ferric chloride is 
tion ^Fischesser & Co. ; G.P. 79577 ; B.P. yelloTvish-broum. It forms an azimino deriva- 
13166, 1894; Bucherer and Barsch, J. pr. Chem. tive, and couples with 1 mol. of diazotised 
1925, £ii]. 111, 313). The acid sodium salt, base. 
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TEIAMINONAPHTHALENES. 

(i) l;2:6-Triaminonaphthalene, obtained 
by reduction of l:6-dinitro-j3-naphtbylamine (cf. 
Kebrmann and Matis, Ber. 1898, 31, 2419), 
forms a iriacefyl derivative, needles, m.p. 280°, 
and gives the reactions of an o-diamine (Loewe, 
ihid. 1890, 23, 2544). 

(ii) l:3:6-Triaminonaphthalene, obtained 
by heating l:6-dihydrox3TiaphthaIene-3-suI- 
phonic acid with ammonia and ammonium 
chloride under pressure at 160-180°, is easily, 
but its svlpliaie only sparingly soluble. Its 
solution is coloured deep brown b3’’ nitrous acid 
(KaUe, G.P. 89061 ; B.P. 9103, 1895). 

(iii) l:3:7-Triaminonaphthalene, obtained 
by heating 1:7 - dihydroxynaphthalene - 3 - sul - 
phonic acid or 2-amino-6-naphthol-S-sulphonic 
acid with ammonia and ammonium cliloride at 
160-180°, is easily soluble and in solution gives 
a deep brown coloration with nitrous acid, but 
bluish-violet with ferric cliloride. The sulphate 
is only sparingly soluble (KaUo, G.P. 90905 ; 
B.P. 9103, 1895). 

(iv) and (v) 1:2:5- and l;4:8-Triaminonaph- 
thalenes, have been obtained from the 1:5- 
and l:8-diammes by coupling with diazotolueno 
and reducing the respective dj'es (Finzi, J.C.S. 
1925, 128, i, 701). 

(vi) l:3:4-Triaminonaphthalene forms a 
Iriacetifl derivative, m.p. 301° (Panizzon-Fuvre, 
Gazzetta, 1924, 54, 826). 

NAPHTHOLS. 

The common general method of preparation 
of the naphthols and naphtholsulphonic acids, 
on the large scale, is by fusion of the appropriate 
naphthalenesulphonic acid with caustic alkali. 
Other methods are from the corresponding 
naphthylamines, by hydrolysis with dilute acid 
at high temperatures, by the bisulphite reaction 
(see p. 273c), or through the diazo-compound. 

Hj’drosynaphthalenes resemble the h3'drox3'- 
benzenes in chemical behaviour but the h3-droxyl 
group is more reactive. Thus, the naphthols are 
readily converted into naphthylamines by heat- 
ing with ammonia xmder pressure (Badiscbc, 
G.P. 14612 ; B.P. 2516, 1880), into alkyl ethers 
by heating with alcohol and sulphuric acid 
(Gattermann, Annalen, 1888, 244, 72), and into 
naphthyl ethers by boiling with dilute sulphuric 
acid (Graebe, Ber. 1880, 13, 1850). This re- 
activity is reduced, and the resemblance become 
more complete, on hydrogenation of the non- 
substituted ring (Bamberger, Annalen, 1890, 
257, 10 ; see ar-tetrahydronaphthols, p. 4226). 

a-Naphthol. 

a-Naphthol, or l-hydroxynapht1ialene, occurs 
in very small amormt in coal-tar fractions of 
high boiling-point (Schulze, ihid. 1885, 227, 
150). It may be prepared from a-cliloronaph- 
thalene by digestion with aqueous (10%) caustic 
soda at temperatures up to 400° in the absence 
of catalysts (in the presence of active- copper 
catalysts mixed naphthols are obtained) (Dow 
^em. Co., U.S.P. 1996744 ; Meyer and Bergius, 
Ber. 1914, 47, 3159) ; or, in better yield, by 
digestion with caustic soda and methyl alcohol 
at 210° (Chem. Werke. Ichendorf, G.P. 281176) ; 
or from a-bromonaphthalene in 90-92% yield 


by heating with aqueous caustic soda at 180- 
250° under pressure with a copper catalyst. 

Preparation . — It is manufactured from a- 
naphthylamine by heating with diluted sulphuric 
acid to 200° under pressure in a lead-lined auto- 
clave, yield 94-95% theory (Hochst, G.P. 74879 ; 
B.P. 14301, 1892; Voroschcov and Gutorko, 
J. Gen. Chem. Russ. 1935, 5, 1518; A. 1936, 
720), or from naphthalcne-a-sulphonic acid by 
fusion with caustic soda at 275-310° (Levinstein, 
B.P. 2300, 1883; Nat. Aniline and Chem. Co. 

l nc. U.S.P. 1949243; 1962137; 2025197). 

The former method gives a product entirely 
free from )S-naphthol. 

Properties. — a-Naphthol cr3'stalliscs in lus- 
trous, monoclinic flat prisms (cf. Stcinmotz, 
Z. Kryst. :Min. 1916, 55, 373), m.p. 95-8-96-0°; 
b.p. 288-01°/760 mm. (Berliner, May and Linch, 
J. Amcr. Chem. Soc. 1927, 49, 1012), 1'224 

(Schroder, Ber. 1879, 12, 1613). It is vor}' 
sparingly soluble in hot water. It dissolves 
readily in organic solvents and in aqueous caustic 
alkali solutions. It has a phenolic odour and is 
rcadil3’' volatile in steam. The sodium salt, 
scales, has m.p. *14-^5° (Jlcldrum and Patel, 
J. Indian Chem. Soc. 1928, 5, 91 ; Konig, G.P. 
216596). 

Peactions. — a-Naphthol couples with diazotised 
bases forming para-azo-d3-es. In alcoholic solu- 
tion, with benzenediazonium chloride, it is said 
to give a mixture of the ortho- and pnra-cora- 
pounds, of which the former is insoluble in 4% 
caustic soda solution (Clinrrier and Casalo, Atti. 
R. Accad. Sci. Torino, 1914, 49, 477). With 
nitrous acid in aqueous solution it gives a mi.x- 
turc of chiefly 2- with some i-nitroso-a-naphthol 
(sccNaphtliaquinoncoximcs, p. 383n) ; in ethereal 
solution the product is the same as that obtained 
on nitration, 2:-i-dinitro-a-naphthoL Chlorina- 
tion with 8ulphur3'l chloride gives A-eddoro-a- 
naphthol, with chlorine 2:‘i-dichloro-a-naphthol. 
On sulphonation, a-naphthol-mono-, di-, and tri- 
sulphonic acids are obtained. 

O.xidised with nitric acid, or with permanga- 
nate in acid solution, it gives p/it/iolic acid ; with 
permanganate in alkaline solution phthalonic 
acid (Henriques, Ber. 1888, 21, 1608) ; with 
aqueous ferric chloride at 70-80° a mixture 
of A:i'-dihydroxy-l:V -dinaphthyl and l:l'-di- 
hydroxy-2:2'-dmaphthyl (Joife and Kristchovtov, 
J. Gen. Chem. Russ., 1939, 9, 1136; A. 1939, 
II, 644) ; with peracetic acid in acetic acid 
below 40° o-carhoxyuWocinnamic acid, [a-]naph- 
thaquinone and a hydroxyquinone (Bocsokin and 
von Konigsfeldt, Rec. trav. cliim. 1935, 54, 313). 
It is deoxygenated by the action of hy^drogen 
under high pressure at elevated temperature in 
presence of ammonium molybdate and sulphur 
giving naphthalene, etc. (Hall, Fuel, 1933, 12, 
419). Heated under pressure udth ammonia, 
acetamide, or aniline, a-naphthylamine, or its 
acetyl or phenyl derivative respeetively, is 
obtained. The dried sodium derivative, heated 
with carbon dioxide under pressure, ydelds 1- 
hydroxy-2-naphthoic acid. a-Napthol heated in 
alcoholic solution with carbon tetra cliloride, 
acid binders, and a suitable catalyst, gives 
a-naphthol-2:i-dicarboxylic acid (Soc. Chem. 

l nd. in Basle, G.P. 373737). The condensation 
product with dimethylolcarbamido gives, on 
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hydrolysis with boiling hydrochloric acid, a^- 
di{l-hydroxy-2-'n(iphtliyl) ethane (De Diesbach, 
Wanger, and Stockalper, Helv. Chim. Acta, 
1931, 14, 365). Boiled in air, or distilled with 
litharge, it gives a-dinaphthylene oxide (Graebe, 
et al., Annalen, 1881, 209, 134). 

a-Naphthol gives molecular compounds haying 
fungicidal properties with l-chloro-2:4-dinitro- 
benzene, yellow needles, m.p. 105°; trinitro- 
benzene, orange crystals, m.p. 198°; 2:4-di- 
nitrotoluene, yellow crystals, m.p. 98° (Buehler, 
Hisey, and Wood, J. Amer. Chem. Soc. 1930, 
52, 1939 ; I.G., G.P. 462161 ; Hertel, Annalen, 
1927, 451, 179). 

Colour Beactions. — In aqueous solution h5rpo- 
chlorite gives first a dark violet solution and then 
a flocculuent precipitate (see Ekkert, Pharm. 
Zentr. 1930, 71, 433) ; ferric chloride gives a 
milky opalescence changing to a violet flocculent 
precipitate of the dinaphthol. Like j3-naphthol 
it develops a Prussian-blue coloration with 
chloroform and caustic potash solution, but, un- 
like ;8-naphthol, it gives a deep violet turbid 
liquid when mixed in aqueous solution with 
sodium hypoiodite, and an intense green colora- 
tion, changing to reddish-violet on addition of 
acetic acid, when shaken in small amount (0-01— 
0-02 g.) with 2-3 c.c. of titanyl sulphate solution 
(Denigfes, Ann. Chim. Analyt., 1916, 21, 216). 

Tests. — Commercial o-naphthol is a light grey 
crystalline powder, crystallising point above 
91'5°, containing not more than 0-1% of material 
insoluble in aqueous caustic soda. It may be 
distinguished from ^-naphthol by the violet 
coloration which it gives on addition of a trace 
of copper salt to a neutral or faintly acid solution 
(Aloy and Valdigui4, Bull. Soc. cmm. 1922, [iv], 
31, 1176). Eor other tests, qualitative and 
quantitative, see Callan, J.S.C.I. 1925, 44, 126 t. 

j3-Naphthol to the extent of 16-20% may be 
removedkfrom crude a-naphthol as an insoluble 
calcium compound (Penn. Coal Prod. Co., U.S.P. 
1717009). 

Estimation . — ^The picrate, m.p. 189-190°, 
almost insoluble in water, may be employed 
(Kiister, Ber. 1894, 27, 1104). 

a-Naphthyl Methyl Ether is prepared by 
heating a-naphthol (6 parts) with absolute 
methyl alcohol (5 parts) and sulphmic acid 
(2 parts) at 140° imder reflux (Gattermaim, 
Annalen, 1888, 244, 72). It is an oil with an 
orange-Uke odour, volatile in steam, b.p. 269°, 
p 16° 1-0974. It forms equimolecular double 
compounds with dinitro-compounds such as m- 
dinitrobenzene {see A. 1939, II, 544). 

a-Naphthyl Ethyl Ether is prepared in the 
same way as the methyl ether (Gattermann, l.c.). 
It has a peculiar odour, m.p. 5-6°, b.p. 276°, and 
is volatile in steam. Condensed with formalde- 
hyde, in presence of acidic catalyst, it gives a 
resinous material (Hochst, G.P. 403646). 

Beactions. — ^Like other a-naphthyl ethers, it 
couples with diazotised bases containing p- or 
o-p-negative radicals, e.g., diazotised 2:4-dini- 
troaniline, forming azo-dyes (Meyer, Irschick, 
and Schlosser, Ber. 1914, 47, 1760). On sul- 
phonation it yields l-ethoxynaphthaleneA-sul- 
phonic acid from which, by nitration, 2:4- 
dinitro-a-naphthol, i-nitro-a-naphthyl ethyl ether, 
and 2-nitro-l-ethoxynap7ithalene-ii-sulphonic acid 


are formed (Witt and Schneider, ibid. 1901 34 
3173). ’ ’ 

a-Naphthyl Phenyl Ether, m.p. 66-56°, is 
obtained by heating a solution of sodium a- 
naphthoxide in a-naphthol with chlorobenzene 
at 200-220° under pressure (Fritzsche, BP 
9797, 1913). 

Other ethers, including a-naphthyl 
hydroxyethyl ether are described by Kimer and 
Eichter, J. Amer. Chem. Soc. 1929, 51, 3409. 
Naphthyl ethers may be identified as piorates 
(Dermer and Dermer, J. Org. Chem. 1938, 3, 289). 

aa'-Dinaphthyl Carbonate, prepared by 
the interaction of phosgene and sodium a- 
naphthoxide, is a crystalline powder, m.p. 129- 
130°, convertible into a-naphthol-i-sulphonic 
acid or a mixture of a-naphthol-iiQ- and -4:7- 
disulphonic acids by sulphonation (Reverdin, 
Ber. 1894, 27, 3459; Hochst, B.P. 14134-6, 
1894). 

aa'-Dinaphthyl Sulphite, m.p. 92-93°, is 
obtained by heating a-naphthol in carbon disul- 
phide solution with thionyl chloride in the 
presence of pyridine (Badische, G.P. 303033). 

a-Naphthyl Acetate, prepared by heating 
a-naphthol with acetic acid at 200° (Graebe, 
Annalen, 1881, 209, 161), broad needles or tables, 
m.p. 49°, is hydrolysed by boiling water, gives 
[a-}naphthaquinone on oxidation with chromic 
acid in acetic acid solution, and a mixture of 
1-hydroxy-i- and -2-naphthyl methyl ketones 
when treated ivith aluminium chloride (Lederer, 
J. pr. Chem. 1932, [ii], 135, 19). 

a-NAIHTHOLSTJLPHONIO AOIDS. 

The general methods of preparation are : 

1. Sulphonation of a-naphthol; 

2. Exchange of the amino-group in a-naph- 

thylaminesulphonic acids for hydroxyl 
by the diazo-reaction, or by the bisrd- 
phite reaction, or by interaction with 
water at a high temperature ; 

3. Exchange of chlorine in a-chloronaphtha- 

lenesulphonic acids for hydroxyl by 
fusion with caustic alkali ; 

4. Exchange of one sulphonic group in naph- 

thalenepolysulphonic acids for hydroxyl 
by fusion with caustic alkali. 

Other methods of less importance, or more 
limited application, are : 

(a) Partial hydrolysis of a-naphtholpolysul- 

phonic acids by interaction, either with 
dilute acids at a high temperature, or 
with sodium amalgam in the cold ; 

(b) The change which sodium a-naphthol-4- 

sulphonate and -2:4-disulphonate under- 
go when heated at 170° : 

OH OH 



SOoNa 
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The a-naphtholsulphonic acids and their salts 
are more soluble than the a-naphthylaminesul- 
phonic acids. They are less easy to rccogniso 
in, or to isolate from, mixtures containing them 
Wnn the former. The acids have been identified 
by their salts (e.?., zinc salts) or through the 
0 • carbethoxy - a - naphthokulphonyl chlorides 


(Gebauer-Eiilnegg and Gliickmann, Monatsh, 
1929, 53-54, 100), by means of nitrous acid 
(forming o- or jp-nitroso derivatives), nitric acid 
(producing Naphthol Yellows), or by coupling 
with various diazonium compounds. 

The products of the action of sidphurio acid 
on a-naphthol arc as follows : 



The last three acids are formed by partial 
hydrolysis of the trisulphonic acid by relatively 
dilute acid at the highest temperature employed 
in the sulphonations. The 3-, 5-, and S-positions 
are not Med by direct action of sulphuric acid 
on a-naphthol or any a-naphtholsulphonio acids. 
The same is true of the action of chlorostilphonic 
acid (Poliak, Gobauer-Fulnegg and Blumon- 
stock-Halward, ibid. 1928, 49, 187 ; ibid. 1929, 
53-54, 100; Gebauer-Eiilnegg and Hacramerlo, 
J. Amer. Chem. Soc. 1931, 53, 2018 ; cf. Kallc, 
G.P. 343056). 

a-Naphtholsulphonic acids, with a sulphonic 
group in the 3-position, by interaction with 
ammom'a, give l:3-diaminonaphthalcno deriva- 
tives; those with the sulphonio group in the 
3-, 4-, or 6-position couple to give orlho-azo 
dyes; those with the sulphonic group in the 
8-position give pcri-anh3'drides. 

a-NAPHTHOLMOXostTLrnoxio Acans. 

In every case where the constitution of an a- 
naphtholsulphonic acid is given, the hj’'drox3'I 
radical is supposed to bo in position “ 1.” Tho 
technically important a-naphtholmonosulphonic 
aci^ are tho 4- and 6-isomers. 

(i) a-Naphthol-2-sulphonic Acid is never 
a sole product of sulphonation of a-naphthol, 
much 4-niono- and 2:4-disulphonic acids being 
present (Conrad and Pischor, Annalen, 1893, 
273, 109; Bender, Ber. 1889, 22, 999). If a- 
naphthol is heated only for a short time with 
of sulphuric acid at 60-70°, so 
mat sidphonation is incomplete, n yield of 60% 
is obtained ; the acid can bo separated as potas- 
Bim salt by addition of potassium chloride to 
me sulphonation mass sUghtly diluted ndth 
(^efBander and Taussig, ibid. 1897, 30, 
). Holdemann tried mercurous sulphate ns 
a catalyst in the reaction without effect on tho 

So 6,°39™265) formed (ibid. 


Bollnk, Gebauer-Eiilnegg and Blumenstock- 
Halward (l.c.) report that tho 2-sulphonic acid 
is produced bj* tiio action of 2 parts of cliloro- 
sulphonic acid on 1 part of a-naphthol in (ho 
cold. 

Preparalion. — It maj* bo prepared either from 
a-naphlliol bj* Eriedlruidcr and Taussig’s 
mctliod (l.c.), or from a a-nnplithylnraiiio-2- 
sulphonic acid bj’ thodinzo-rcaotion (Clove, ibid. 
1891, 24, 3176) ; or its sodium salt maj' bo 
obmined in 70-80% j'icid bj' heating sodium a- 
naphthol - 4 • sulphonato or - 2:4 - disiilphonato, 
mixed with twice its weight of naphthalene or 
paraffin, during 3—1 hours at 160-170° (Baj’or, 
G.P. 237396 ; B.B. 2366, 1911). 

Salts. — Tho add forms small rhombic prisms, 
and differs from its isomers in being sparingly' 
soluble in dilute mineral acids. Tho had 
salt, PbAj-fHjO, scales; barium salt, 
BnAj-pl^HjO, needles; and cahimn salt, 
CaAj-fHjO (7), scales, are sparingly soluble 
(Clove, l.c.); tho potassium salt, KA-piHjO, 
prisms, is soluble in 37 parts of water at 18°, 
but almost insoluble in saturated potassium 
chloride solution (Conrad and Eischor, l.c.). 

llcactio7is. — With nitrous acid in tho cold it 
forms 4 > niiroso - a - naphthol - 2 - sulphonic acid, 
which does not give a Naphthol Green with iron 
salts. With nitric acid it jiolds 2:‘i-dinitro-a- 
naphthol. On sulphonation it gives, first a- 
naphthol-2:i-disulphonic acid, thereafter as 
shown in tho diagram above. 

Tho accti/l derivative is convertible into tho 
sulphoivjl chloride, m.p. 87’5° (Anschiitz and 
Jlaxiin, Annalen, 1918, 415, 92; Gesellsch., 
B.P. 232620). 

(ii) a-Naphthol-3-suIphonic Acid is ob- 
tained by fusing nnphthaleno-l:3-di8ulphonio 
acid with caustic alkali at 200-220° (Badische, 
G.P. 67910 ; B.P. 9537, 1890) ; or by boiling 
diazotised a-naphthylamino-3-suljjhonio acid 
with 10% sulphuric acid (Gattormann and 


t 
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Sohuke, Ber. 1897, 30, 64), or diazotised 2- 
ammo-8-naplithol-6-sulphonic acid with alcohol 
(Badische, l.c. ; Eriedlander and Taussig, ibid. 
1897, 30, 1458) ; or by reduction of a-naphthol- 
3:8-disulphonic acid with sodium amalgam, or 
electrolyticaUy (Bayer, G.P. 255724; B.P. 
28172-3, 1911; G.P. 248527 ; 261094). 

Salts . — ^The zinc salt, ZnAg+S^HjO, forms 
long needles and, hke the barium salt, is easily 
soluble in water (Eriedlander and Taussig, l.c.). 

Beactions. — With diazotised aniline, o-nitro- 
anihne andp-nitroaniline, it couples respectively, 
in the ortho, in the para, or in both the orlho- 
and the paro-positions (Gattermann and 
Schulze, l.c. ; Gattermann and Liebermann, 
Annalen, 1912, 393, 214). Heated with am- 
monia, under pressure, at 160-180° it gives 1:3- 
diaminonaphihalene, and with aniline and its 
hydrochloride, at 160-170°, l:3-dianilinonaph- 
thalene. By digestion with 60% caustic soda at 
180° it gives o-toluic acid (Kalle, G.P. 79028 ; 
B.P. 16569, 1894). 

(iii) a-Naphthol-4-sulphonic Acid (NevUe 
and Winther’s acid), is one of the products of 
sulphonation of o-naphthol (for its isolation, see 
Eriedlander and Taussig, Ber. 1897, 30, 1468). 
It was obtained by Ne^e and Winther (J.C.S. 
1880, 37, 632) by boiling the diazo-compound 
from a-naphthylamine-4-sulphonic acid with 
10% sulphuric acid. 

Preparation. — By heating the sodium salt of 
a-naphthylamine-4:-sulphonic acid ivith 60% 
caustic soda solution under pressure at 240- 
260°, and boiling the solution of the product in 
water to expel ammonia (Aktienges., G.P. 
46307) ; or pure, and in almost quantitative 
yield, from naphthionic acid by interaction with 
sodium bisulphite to give the sulphurous ester 
and hydrolysing the product (Bayer, G.P. 
109102; B.P. 16807, 1899). Eor the latter 
pxupose Du Pont (U.S.P. 1680714) use an 
alkaline earth, giving a sparingly soluble sul- 
phite, which may be removed by filtration. 

Alternative methods are to digest a-chloro- 
naphthalene-4-sulphonic acid with aqueous 
caustic soda tmder pressure at 200-220° (Oehler, 
G.P. 77446 ; see also Voroschcov and Karlasch, 
Anilinokras. Prom. 1934, 4, 545 ; B. 1935, 137) ; 
to sulphonate a-naphthyl carbonate with mono- 
hydrate at 10-20°, isolating the disulpho-o- 
naphthyl carbonate and heating the product 
with water at 60-70° (Reverdin, Ber. 1894, 27, 
3460) ; or to sulphonate a-naphthol in a solvent, 
such as tetrachloroethane, with chlorosulphonic 
acid, when not more than 1-2% of isomeric acids 
are formed (B.D.C., B.P. 186515). 

Salts. — ^The acid and its salts are easily soluble. 
The zinc salt, ZnAg-l-SHgO, forms prisms, the 
sodium salt, easily salted from solutions, forms 
columnar crystals, is soluble in 90% alcohol 
and with ferric chloride solution gives a blue or 
bluish-green coloration. Numerous arylamine 
salts are described by Eorster and Watson 
(J.S.C.I. 1927, 46, 224t), the aniline salt, m.p. 
186-187°, being soluble to the extent of 5-38 
parts/100 parts of 1% acetic acid at 15°. The 
amide melts at 223° (Gesellsch., B.P. 232620). 

Beactions. — The ori/w-azo-dyes, produced on 
coupling with diazotised bases, are of technical 
importance, e.g., Chlorazol Azurine G, Chlorazol 


Violet R, Naphthalene Scarlet B, etc. Nitron 
acid in the cold gives 2-nUroso-a-naphthol-i. 
sulphonic acid, which, with iron salts, gives a 
Naphthol Green. With warm dilute nitric acid 
it forms 2:4:-dinHro-a-naphthol (Bender, Ber. 
1889, 22, 997). The action of ammonium 
sulphite solution and ammonia at 100-150° 
furnishes a-naphthylamineA-sulphonic acid ; with 
ethylenediamine and sodium bisulphite the 
sodium salt gives 1-aminoefhylamino-naph- 
thalene-i-sulphonic acid, a dyestuff inter- 
mediate (Bayer, B.P. 230457 ; U.S.P. 1643569). 
Sulphonation yields successively a-naphthol-2A- 
disulphonic acid and a-nap}ithol-2:i:'l-trisul- 
phonic acid. Its sodium salt heated at 160- 
170° is transformed into sodium a-naphthol-2- 
sulphonate. 

(iv) a-Naphthol-5-sulphonic Acid (Oxy- 
L-acid), is obtained by fusing sodium naphtha- 
lene-l:5-disulphonate with aqueous caustic 
soda at 160-190°, the sodium salt being isolated 
after acidification of the diluted melt with 
hydrochloric acid (Ewer and Pick, G.P. 41934) ; 
by the action of sodium bisulphite on o-naph- 
thylamine-5-sulphonic acid, followed by boihng 
with an allcaline earth hydroxide (Du Pont, 
U.S.P. 1580714) ; or when a-chloronaphthalene- 
6-sulphonic acid is heated with 8% caustic soda 
solution under pressure at 240-250° (Oehler, 
G.P. 76446). 

Salts. — The acid has been isolated as a semi- 
crystalline, deliquescent mass; the siwc salt, 
ZnA^-fSJHjO, easily soluble long needles 
(Eriedlander and Taussig, Ber. 1897, 30, 1460) ; 
the sodium salt, readily soluble in warm alcohol, 
gives a violet-red coloration with ferric chloride. 

Beactions. — Diazotised bases couple with it, 
forming ortho-azo dyes (Gesellsch., G.P. 66838; 
Gattermann and Schulze, Ber. 1897, 30, 52) ; 
if the diazonium salt contains negative con- 
stituents, coupling takes place usually in the 
pora-position (Gattermann and Liebermann, 
Annalen, 1912, 393, 211). It is used as end 
component in Monolite Bordeaux BL, Car- 
moisine L, and Solochrome Black E. Nitrous 
acid in the cold forms 2-nitroso-a-naphthol-5- 
sulphonic acid, highly crystalline, giving a 
Naphthol Green with iron salts. With 20% 
oleum below 100°, a-naphthol-2:5-disulphonic 
acid is produced. Fused with caustic soda at 
220-260° it yields l:5-dihydroxynaphthalene ; 
with sodamide, in naphthalene suspension at 
230°, l-amino-5-naphthol. 

(v) a-Naphthol-6-sulphonic Acid has been 
obtained from a-naphthylamine-6-sulphonic acid 
by the bisulphite method (Bayer, G.P. 109102 ; 
B.P. 16807, 1899) ; or from sodium naphthalene- 
l:6-disulphonate by fusion with caustic soda. 
Little is known of this acid. 

(vi) a-Naphthol-7-sulphonic Acid is _ a 
product of the sulphonation of a-naphthol with 
sulphuric acid at 130°. The pure acid is ob- 
tained from a-naphthylamine-7-sulphonic acid 
by the bisidphite method (cf. Bucherer, J. pr. 
Chem. 1904, [ii], 70, 347) ; or from 7-sulpho-l- 
hydroxy-2-naphthoic acid by heating it with 
a small quantity of water at 120° (Eried- 
lander and Taussig, Ber. 1897, 30, 1461). 

Salts . — ^The acid, a crj'staUine mass, giving 
with ferric chloride a brownish- violet coloration. 
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is, like its salts, easily soluble. The zinc salt, 
ZnAj+SHgO, forms radiate groups of needles; 
the harmm salt, needles. 

Eeactions . — Coupled with diazotised p-nitro- 
aniline in acetic acid solution, it gives monoazo- 
dyes, but in alkaline solution, disazo-dyes 
sensitive to acids (Friedlander and Taussig, 

l. c.; c/. Bender, ihid. 1889, 22, 996). With 
nitrous acid it forms a nitroso-a-naplithol-1- 
sulphonic acid, -which yields 2-A-dinilro-a- 
naphthol-l-sulplionic acid on wanning with 
dilute nitric acid. 

(vii) a-Naphthol-8-sulphonic Acid is ob- 
tained from a-naphthylamine-S-sulphonic acid, 
either by action of water at 180-220° xmder 
pressure (Hochst, G.P. 74644 ; B.P. 14301, 
1892), or by the bisulphite method. When 
diazotised a-naphthylamine-8-sulphonic acid is 
boiled -vrith water or dilute sulphuric acid, the 
product isolated is not the free acid but naphtha- 
sultone, the peri-anhydride, from which the 
acid is obtained, after hj'drolysis -with alcoholic 
ammonia at 130°, by decomposing the relatively 
insoluble lead salt with hydrogen sulphide. The 
sultone, -with aqueous ammonia, in the cold, 
gives the acid amide, m.p. 222°, in 90% yield 
(Gesellach., B.P. 207162 ; G.P. 407003). 

Saifs . — ^The acid, HA-fHjO, is crj'stalline, 

m. p. 106-107°, and verj' soluble. It docs not 
lose its water of crj'stalhsation below 180°, and 
shows little tendency to pass into the anhydride 
(sultone), even in the presence of dehydrating 
agents. The potassium salt, KA, scales; the 
hasic sodium salt, NajA-fl }H 20 , small needles ; 
and the ammonium salt, NH^A, scales, arc 
easily soluble in water, and, like the acid, give 
with ferric chloride a dark green coloration, 
changing rapidly to red. 

Eeactions . — ^It couples with diazotised bases. 
With nitrous acid a sparingly soluble nitroso- 
compound is obtained, which yields 2A-dmilro- 
a-naphtholS-sulphonic acid when warmed with 
nitric acid. Fusion -with caustic all;nli gives 
h8-dihydroxynaphtlialenc ; -with sodamido, in 
naphthalene suspension, l-amino-8-naphihoL 

Naphthasultone, 



is^ obtained almost quantitatively by boiling 
diazotised a-naphthylamine-8-sulphonic acid in 
alcohol, water, or dilute sulphuric acid (Karpeles, 
J.S.C.I. ^ 1898, 17, 837). It crystallises from 
alcohol in large prisms, m.p. 164°, distils above 
360° -with slight decomposition, and is almost 
insoluble in water. 

Eeactions . — It is hydrolysed by boiling dilute 
aqueous alkalies. With sulphuric acid it gives 
^napJitholA:8-disulphonic acid. According to 
G.P. 430551 the 4:-haloge7io derivative can bo pre- 
pared from the sultone (at 160-200°), from its 
4-sulphonic acid or from a-nnphthol-4:8-di8ul- 
(at 80° in presence of hydrocliloric 
acid) by action of halogen at a suitable tempera- 
me. a-Naphthol-6:8-di8ulphonic acid under 
the same conditions gives, with chlorine, 4- 
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c7iloronapMliasultone-6-snlplio7iic acid (I.G., B.P. 
433627). 4:-ChloronaphthasuUo7ie has m.p. 176- 
178°. 

a-NAPHTHOLDISULPHONIO AOTDS. 

(i) a-Naphthol-2:4-disulphonic Acid is a 
product of direct sulphonation of a-naphthol 
by about three times its weight of sulphuric 
acid at temperatures below 100° (Friedlander 
and Taussig, 1897, 30, 1467). It may be 
separated from mono- or other di-sulphonic acids 
present by removing these, either as sparingly 
soluble nitroso-compounds, formed by action 
of nitrous acid, or as insoluble azo-dyes, b}' 
suitable conpling (rrith diazotised xylidino). It 
maj' also bo obtained from a-naphthol-2:4:8- 
trisulphonio acid by reduction -with sodium 
amalgam (Bayer, G.P. 255724; B.P. 28172, 
1911). Its chloride (m.p. 149°) is a product of 
the action of excess ohlorosulphonic acid at 
ordinary temperature on a-naphthol (Poliak, 
Gebauer-FiUnegg el al., Monatsh. 1928, 49, 
187). 

Idc7itification. — ^Thopo/ussiumsalt, KjA, gives 
a deep blue coloration -with ferric chloride. The 
acid is not precipitated cither by lead or bariCim 
salts and yields neither azo-dyes nor a nitroso- 
compound (Conrad and Fischer, Annalcn, 1893, 
273, 106). 

Eeactions . — With nitric acid it gives 2:4- 
dinUro-a^naphthol. On further sulphonation it 
gives a-naphthol-2A:l-trisitlpho7iic acid. 

(ii) a-Naphthol-2;6-disulphonic Acid is 
prepared by sulphonation of a-nnphthol-5-sul- 
phonic acid, with sulphuric acid or 20% oleum, 
below 100° (Bayer, G.P. 08344 ; B.P. 3397, 
1890). The sodhtm salt, prisms, neither forms a 
nitroso-derivativo nor couples with diazo- 
compounds (Gattermann and Schulze, Bor. 
1897, 30. 65). 

Eeaclion . — With 60% caustic soda solution 
at 260° it gives l:6-dihydroxj'naphthnlcno-2- 
sulphonic acid. 

(iii) a-Naphthol-2:7-disulphonic Acid is 
one of the products of direct sulphonation of 
a-naphthol with a relatively small proportion 
(2-3 parts) of sulphuric acid (approximately 93% 
strength) at 125-130° (c/. FriedlRnder and Taus- 
sig, ibid. 1897, 30, 1463 ; I^^onhardt, B.P. 11318, 
1887), but its isolation from the other products 
of the reaction has not been described. It can 
bo obtained from a-naphthylamine-2:7-disul- 
phonic acid by the diazo-rcaction (Rovordin, 
and do la Harpe, Bor. 1892, 25, 1405) or from 
a-naphthol-2:4:7-trisulphonio acid by reduction 
with sodium amalgam (Friodliindor and Lucht, 
ibid. 1893, 26, 3031 ; Friodliindor and Taussig, 

I.C.). 

Identification . — ^Tho zinc salt, ZnA, is soluble. 
It couples para- with diazo-compounds. It gives 
a nitroso derivative, but this does not form a 
Naphthol Green -with iron salts. 

(iv) a-Naphthol-3:5-disuiphonic Acid has 
been obtained by fusing sodium naphthalono- 
l:3:6-trisulphonato -udth caustic soda at 140- 
160°, but is not described (Kalle, G.P. 94075). 

(v) a-Naphthol-3:6-disulphonic Acid is 
technically the most important a-naphtholdisul- 
phonic acid and is obtained when sodium 
naphthalene-l:3:6-trisulphonic acid is heated 



naphthalene. 
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with 60% caustic soda solution at 170-180° 
(Gurhe and Rudolph, G.P. 38281; B.P. 15716, 
1885). It can he prepared from a-naphthyl- 
amine-3:6-disulphonic acid, either by the diazo- 
reaction, or by heating its acid sodium salt with 
water imder pressure at 180° (Cassella, G.P.a. 
4375), or from a-naphthol-3:6:8-trisulphonic 
acid by reduction with sodium amalgam (Bayer, 
G.P. 255724; B.P. 28172, 1911). 

Identification. — The acid harium salt, 
BaHjAj, is sparingly soluble; the acid sodium 
salt, N a H A, is reacSly soluble in water or alcohol 
and gives a blue coloration with ferric chloride. 

Reaction. — ^It couples with diazotised bases 
furnishing ortho-azo dyes. Heated with am- 
monia at 160° it gives 2-amino-4:-naphthcil-7- 
sulpTionic acid mixed with lt3-diaminonaphtha- 
lene-6-sulphonic acid, or with aniline at 160° the 
diphenyl derivative of the latter. 

(vi) a-NaphthoI-3:7-disulphonic Acid can 
be prepared from a-naphthylamine-3:7-disul- 
phonic acid, either by the diazo-reaction, or by 
heating its acid sodium salt with water under 
pressure at 180° ; or from a-naphthol-3;5:7-tri- 
sulphonic acid by reduction with zinc dust and 
dilute caustic soda (KaUe, G.P. 233934). 

Reactions. — The acid couples with diazotised 
bases. With ammonia at 160° it yields 2- 
aminoA-naphthol-G-sulphonic acid, mixed with 
l:Z-diaminonaphthalene-7-sulphonic acid, or with 
aniline, at 160°, the diphenyl derivative of the 
latter. 

(vii) a-Naphthol-3:8'disulphonic Acid is 
prepared from a-naphthylamine-3;8-disulphonic 
acid by heating its acid sodium salt with water 
under pressure at 180° (Hoohst, G.P. 71494; 
B.P. 14301, 1892). 

Identification . — ^The sodium salt, 

Na^A-i-eHaO, 

long prisms, soluble in 5-6 parts of cold water, 
gives with ferric chloride a deep blue coloration 
and with nitric acid yields, not a Naphthol 
YeUow, but oxidation products. 

Reactions. — ^It couples with diazo-compounds 
forming ortho-azo dyes. Digested with 50% 
caustic soda at 170-210° it forms l:8-dihydroxy- 
naphihalene-S-stdphonic acid. Reduced with 
sodium amalgam, it yields a-7iaphthol-3-sul- 
phonic acid. Heated with ammonia at 160- 
180° it gives l:3-diaminonaphthalene-8-sulphonic 
acid or with aniline and aniline hydrochloride at 
150-170° the diphenyl derivative of this acid. 

Naphihasultone-3-sulphonic acid is obtained 
from a-naphthol-3;8-isulphonio acid by de- 
hydration with sulphuric acid at 100°, or with 
phosphorus pentoxide or phosphorus penta- 
chloride (Badische, G.P. 55094). The sulphonyl 
chloride (m.p. 190—191°) is obtained by inter- 
action with chlorosulphonic acid (Gebauer- 
Fulnegg et al., J. Amer. Chem. Soc. 1931, 53, 
2648), which with ammonia gives a-naphthol- 
3;8-disulphonamide (B.D.C., B.P. 296458). The 
acid forms readily soluble silky needles ; the 
harium salt sparingly soluble long needles ; the 
sodium salt, NaA-f-SHgO, long needles soluble 
in about 93 parts of cold water. It gives no 
coloration with ferric chloride and is readily 
hydrolysed by mineral acids or by alkalis 
(Ewer and Pick, G.P. 52724). 


a-Naphthol-8-sulphonamide-3-sulphonie Acid is 
prepared by action of ammonia on naphtha- - 
snltone-3-sulphonic acid. The acid, its barium 
salt, BAg-f 5 HgO, and sodium salt, NaA-t-HjO, 
are moderately soluble. With diazotised bases 
it couples, giving ortho-azo dyes which, when 
boiled with alkalis, give peri-anhydrides (snl- 
tams), the colour changing from bluish-red to 
yellow (Bemsthen, Ber. 1890, 23, 3094). 

(viii) a-Naphthol-4:6-disulphonic Acid 
can be prepared from a-naphthylamme-4:6-disul- 
phonic acid by the bisulphite method (Bucherer, 
J. pr. chem. 1904, [ii], 70, 347), or by sul- 
phonation of aa'-dinaphthyl carbonate with 
20% oleum at 10-20°, hydrolysing the tetra- 
sulpho-aa'-dinaphthyl carbonate with dilute 
acid at 60-70° and separating the less soluble 
4:7-di6ulphonic acid from the more soluble 4:6- 
acid by salting out (Hochst, B.P. 80888; B.P. 
14134, 1894). 

Reactions. — It gives azo-dyes on coupling, and 
a Naphthol Yellow when boiled with nitric acid. 

(ix) a-Naphthol-4:7-sulphonic Acid is 
a product, along with the 2:7-acid, of direct 
sulphonation of a-naphthol with a relatively 
small proportion (2-3 parts) of sulphuric acid 
(approximately 93% strength) at 125-130°. It 
may be prepared from <i-naphthylamine-4:7- 
disulphonic acid by the bisulphite method, or 
from a-chloronaphthalene-4:7-disulphonio acid 
bj' digestion with 30% caustic soda at 200-210° 
(Oehler, G.P. 74744); or by hydrolysing the 
product of tetrasulphonation of ao'-dinaphthyl 
carbonate (Hoohst, l.c.). 

Identification . — ^The harium salt, BaA-f 4 H 2 O, 
and sodium salt, Naj,A-)-4H20, are ciystalline. 
The latter gives a blue coloration with ferric 
chloride. 

Reactions. — ^It couples to give ortho-azo dyes 
With nitrous acid it gives a very soluble nitroso- 
compound. Nitric acid forms 2A-dinitro-a- 
naphihol-7 -sulphonic acid. Boiled with 65% sul- 
phuric acid, or with hydrochloric acid, it yields 
a-naphthol-7 -sulphonic acid. 

(x) a-Naphtho)-4:8-disuIphonic Acid is 
prepared from naphthasultone by heating with 
sulphuric acid at 80-90° imtil soluble in water 
(Bernsthen, Ber. 1890, 23, 3090), or from a- 
naphthylamine-4:8-disulphonic acid by the bi- 
sulphite method (Bucherer, J. pr. Chem. 1904, 
[ii], 69, 80). 

Identification . — ^The harium salt is sparingly 
soluble; the sodium salt, NagAd-HjO, forms 
very soluble scales which, with ferric chloride, 
give a deep blue coloration. 

Reactions. — ^It couples with diazotised bases 
to give ortho-azo dyes. Nitrous acid gives the 
2-nitroso derivative (Dressel and Kothe, Ber. 
1894, 27, 2145). Nitric acid converts it into 
2:4 - dinitro - a - naphthol - 8 - sulphonic acid, a- 
Naphthylamine-d-.S-disulphonic acid can be pro- 
duced by interaction with ammonia and bisul- 
phite. On dehydration with cold 6% oleum it 
gives naphthasultone-d-sulphonic acid, but with 
25% oleum below 100°, a-naphthol-iii-.S-trisul- 
phonic acid is produced. Chlorosulphonic acid 
converts it into naphthasultone-i-sulphonyl 
chloride, m.p. 195° (Gebauer-Pulnegg et al. 
J. Amer. Chem. Soc. 1931, 53, 2648). Fusion 



NAPHTHALENE. 


337 


with caustic soda at 260° gives h8-ddhydroxy- 
naphihaUne-i-mlphonic acid. 

NapMJiamdtone- 4 :-sulphonic Acid is formed as 
indicated above. The barnim salt is easily 
soluble; the sodium salt i+SH^O). moderately 
soluble scales, is converted readily into a- 
mpMol-4:8-dis2dpJiomte by alhalis in the cold, 
or into the acid by boiling with dilute (6%) 
sulphuric acid, or, on prolonged boiling, by 
water alone. It gives neither a coloration with 
ferric chloride, nor does it couple with diazotiscd 

l)flS6St 

a-Naphthol-8-sulpho7iamide-i-sulphonic Acid is 
precipitated as its crystalline soduim salt 
(+2H2O) on acidification of a solution of the 
sultonesulphonate in ammonia. It is hj'drolj-sed 
to the sultone or the disulphonic acid by boiling 
dilute acid (Badischc, G.P. 5786G). Coupled 
with diazotised bases it forms orlho-azo d3-cs 
closely resembling those obtained from the 8- 
sulphonamide-3'sulphonic acid (Gcigy, G.P. 
139287). 

(xi) a-Naphthol-5:7-disuIphonic Acid has 
not been described. It is mentioned ns pro- 
ducible from and convertible into the a-iiaph- 
thylamine-6;7-disulphonic acid b}' the bisulphite 
reaction (Badische, G.P. 116335; 117471 ; B.P. 
1387, 1900). 

(xii) a-NaphthoI-5;8-disulphonic Acid has 
been obtained from a-naphthj’lnminc-5:8-disuI- 
phonic acid by the diazo-rcaction, the sultono 
first formed being converted, by alkali, into the 
disulphonic acid (Bayer, G.P. 70857). 

Naphthalsultonc - 5 - sulphonic acid forms a 
sodium salt, NaA-b1 iHjO, needles, modcratelj' 
soluble (Gattermann, Ber. 1899, 32, 1158) which, 
when digested with 40% caustic soda under 
pressure at 170-200°, yields l:8-dihydroxynaph- 
thaleneA-sulplionic acid (Baj'cr, G.P. S0GG7 ; 
B.P. 1227, 1894). 

(xiii) a-Naphthol-G:8- disulphonic Acid 
may be prepared from a-naphthj'lamine-G:8- 
dis^phonic acid by the bisulphite reaction 
(BueWer, J. pr. Chem. 1904, [ii], 70, 347). It 
is also formed by hydrolysis, with 3% acid at 
180-200°, of a-naphthylamine-4;G:8-trisulphonio 
acid (KaUe, G.P. 82663) or a-naphthol-4;0:8- 
trisulphonic acid. The acid sodium salt forms 
easily soluble short needles and, with ferric 
chloride, gives a fleeting green coloration. 

Reactions . — ^It couples with diazotised bases 
forming azo-dyes. With nitrous acid, it yields a 
nitroso derivative which is not convertible into a 
Naphthol Yellow by nitric acid. With 60% 
caustic soda at 170-210° it gives \\8-dihydroxy- 
nap7tthalene-8-sulphonic acid. 

^e corresponding naphthasultono-6-sulphonic 
acid and a-naphthol-8-sulphonamide-6-sulphonic 
acid have not been fully characterised. 

a-NAPHTHOLTEISULPnONIO AOIDS. 

(i) a-Naphthol“2;4;7-trisulphonic Acid is 
the chief product of sulphonation of a-naphthol 
yith 26% oleum at 100-110° (Badische, G.P. 
10786; B.P. 6305, 1879) from which it may bo 
isolated by means of the barium salt (Fried- 
liinder and Taussig, Ber. 1897, 30, 14G3). The 
trisulphonyl ehloride of this acid is also obtained 
by prolonged action of excess of chlorosulphonic 
acid on a-naphthol at room temperature 

Von. Vm.— 22 


(Gebauer-Fiilnegg et al., Monatsh, 1929, 63-54, 
101). The acid is formed when a-chlorona- 
phthalene-2:4:7-trisulphonic acid is heated with 
12% caustic soda under pressure at 160° 
(Oehler, G.P. 77996). 

Identification . — ^Tlie barium salt, 

BUg An")- 3 H nO, 

gh’stening minute crj’stals, is almost insoluble 
when once sejiarated from water ; the other salts 
are easily soluble. The sodium salt gives a blue 
coloration with ferric chloride, but yields neither 
azo-dyes nor a nitroso-compound. 

Reactions . — ^Nitric acid converts it into 2:4- 
dmilro-a-naphlhol-1 -sulphonic acid. Fusion with 
caustic soda produces 1:1 -dihydroxy naphthalene- 
disulphonic acid. Reduced with sodium amal- 
gam in the cold it gives a-naphthol-2:7 -disul- 
phonic acid. AVhen heated witli GG% sulphuric 
acid it 3delds a-naphlhol-l-suljdtonic acid. 

(ii) a- Naphthol-2:4:8-trisulphonic Acid 
has been prepared 113* sulphonating a-naphthol- 
4:8-disulphonic acid or its sultono with 25% 
oleum below 100° (Bayer, B.P. 3397, 1800; 
Dresscl and Kotlic, Bor. 1894, 27, 2143). 

Identification . — The sodium salt (H-IAHjO), 
a readily .soluble cr3'8talline solid, showing a 
green fluorcsccuco in solution, gii'cs a blue 
coloration with ferric chloride but doe.s not 
couple with diazotised bases. 

Reactions . — Nitration at 20° witli mixed acid 
gives 2:4-dinitro-a-naphthol-S-sulphonicacid. On 
reduction with sodium amalgam in the cold it 
gives a-naphlhol-2:4-disu!j)hon{c acid. Fusion 
with caustic soda at 210° converts it into 1:8- 
dihydroxynaphthalcnc-2:4-d{sulphonic acid. 

(Hi) a-Naphthol-3:5:7-trisulphonic Acid 
is obtained, cither from naphthalenc-l:3:5:7- 
tetrasulphonic acid, b3* digestion with 15% 
caustic soda solution under pressure at 180° 
(Bayer, G.P. 79054 ; B.P. 25074, 1893), or from 
a-naphth3’lamino-3;5:7-trisulphonio acid by the 
diazo-rcaction. 

Reactions . — In neutral or alkaline solution it 
combines with totrazo derivatives of the 
diphenyd scries forming salts (Bayer, G.P. 
92169; B.P. 8995, 1895). Reduced with zinc 
dust in boiling caustic soda, a-naphthol-8:l - 
disulphonic acid is produced. Heated with 
ammonia at 160-180°, it gives l:8-d{amino- 
naphthalcnc-5:l -disulphonic acid. Fused with 
50% caustic soda at 160-160° it jdelds 1:6- 
dihydroxynaphlhalenc-8:l-disulphonic acid but 
with 60% caustic soda, l:3-dihydroxynaphtha- 
lcne-5:l -disulphonic acid is produced in addition. 

(iv) a-Naphthol-3:G:8-trisulphonic Acid, 
tho only technically important a-naphtholtri- 
Bulphonic acid, is formed from a-naphth3’laminc- 
3:6:8-tri8ulphonic acid, either 63-^ tho diazo- 
rcaction, tho sultono being an intormodiato 
product (Koch, G.P. 66058; B.P. 9258, 1890), 
or by boating it with water under pressure at 
180-260° (Hochst, G.P. 71495; B.P. 14301, 
1892). 

Reactions . — Coupled with diazotised bases, it 
forms dyes. Reduced with sodium amalgam 
in tho cold it gives a-naphthol-3:(j-disulphonic 
acid. Heated with ammonia at 1G0-180° 
it forms l:8-diaminonaphthalene-8:8-disulphonic 
acid, or with aniline at 160-170°, tho diphenyl 
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derivative of the same acid. Fused with 60% 
caustic soda at 170-220", it yields the important 
1:8 - dihydroosynaphthalene - 3:6 - disulpTiortic acid 
(Chromotropic Acid). 

Its sultone gives yellow solutions with alkalis. 
Dissolved in ammonia, the sodium sultone- 
sulphonate, when mixed with hydrochloric acid, 
yields sodium a-napMhol-8-sulphonamideS:6- 
disulphonate (Hochst, G.P. 69518), which couples 
to form dyes. 

(v) ^-Naphthol-4:6:8-trisuIphonic Acid 
can be prepared from a-naphthylamme-4:6:8- 
trisulphonic acid, either by the diazo-reaction, 
with intermediate formation of the sultone, or 
by the bisulphite method (Bucherer, J. pr. 
Chem. 1904, [ii], 70, 347). 

Reactions. — ^Hydrolysed with 3% hydrochloric 
acid at 160-200° it gives a-naphthol-6:8-disul- 
phonic acid. Fused with 70% caustic soda at 
170-190° it yields l:8-dihydroxynapMhalene-3:5- 
disulphonic acid. 

Its sultone is easily soluble, forming colourless 
non-fluorescent solutions which with alkalis 
become deep yellow. The corresponding a- 
naphthol-8-sulphonamide-4;6-disulphonic acid 
couples with diazotised bases giving ortko-azo 
dyes. 

HALOGENO-a-NAPHTHOLS. 

Chlorination of a-naphthol gives only homo- 
nuclear derivatives. If chlorine is passed into 
a cooled acetic acid solution of a-naphthol, 2:4- 
dichloro-a-naphthol is formed (Cleve, Ber. 1888, 
21, 891), followed by production of the additive 
compounds trichloro- and pentachloro-a-keto- 
di- and -tetrahydro-naphthalene (Zincke and 
Kegel, ibid. 1888, 21, 1031). 

The halogens in halogenated naphthols, except 
when present in position 6 and 7, are removable 
by aqueous alcoholic stannous chloride in an 
atmosphere of nitrogen (Sampey, J. Amer. 
Chem. Soo. 1927, 49, 2849). 

3- Chloro-a-naphthol has been prepared 
from 3-chloro-a-naphthylamine by the diazo- 
reaction (Hodgson and EUiott, J.C.S. 1934, 
1706). It melts at 143°. Treated with bromine, 
it gives 3-chloro-2:4:-dibromo-a-naphthol, m.p. 
112°. In the same paper the 3-bromo- (m.p. 61°) 
and the 3-iodo- (m.p. 119°) a-naphthols are 
described. 

4- Chloro-a-naphthoI may be obtained by 
chlorinating either a-naphthyl carbonate 
(Reverdin and Kauffmann, Ber. 1895, 28, 3051) 
or a-naphthyl toluene-p-sulphonate in carbon 
tetrachloride (Aktienges., G.P. 240038). It may 
also be prepared from a-naphthol by chlorina- 
tion with sulphuryl chloride (Kast, Ber. 1911, 
44, 1337), but when the naphthol, dissolved in 
alkali, is chlorinated by hypochlorous acid 
(KaUe, G.P. 167468) the product is not pure. 
It sublimes in long needles, m.p. 117-118°, dis- 
solves readily in alcohol or benzene, gives a blue 
precipitate with ferric chloride and couples Tvith 
diazotised bases. 

2 - Bromo-a - naphthol, from 2-bromo a- 
naphthylamine, has m.p. 46° (Hodgson and 
Hathway, J.C.S. 1944, 538). 

6- and 7-Bromo-a-naphthols have been 
synthesised, by the Erdmann method, from m- 
and p-bromophenylparaconic acids, themselves 


synthesised from m- and p-bromobenzaldehyde 
and succinic anhydride (Fuson, J. Amer. Chem 
Soc. 1926, 47, 616). 

Chloro - a- naphtholsulphonic Acids 

Four, namely the 6- and 7-chloro-a-naphthol-^. 
sulphonic acids, the 6-chloro-a-naphthol-3:6. and 
the 8-chloro-a-naphthol-3:6-disulphonic acids 
formed from the corresponding aminonaphthol- 
mono- and di-sulphonic acids by the Sandmeyer 
reaction, have been proposed for coupling with 
diazotised dehydrothiotoluidine in the produc- 
tion of oriko-azo dyes (Bayer, G.P. 96768 ; B.P 
9441, 1894). 

8-Ghloro-a-naphthol-3:6-disulphonic acid, ob- 
tained by heating 8-chloro-a-naphthylamine- 
3:6-disulphonic acid with dilute sulphuric acid 
under pressure (Badische, G.P. 147862), is a 
crystalline, deliquescent solid. Its acid barium 
salt, BaH2A2+6H20, crystallises in needles; 
acid potassium salt in scales ; acid sodium salt 
in needles. The normal salts are readily soluble, 
give non-fluorescent solutions which, with ferric 
chloride, give a dark green coloration. Com- 
pared with the azo-dyes from a-naphthol-3:6- 
disulphonio acid, those from this perichloro-acid 
are much bluer in shade and of enhanohed fastness 
(CasseUa, G.P. 82286 ; 99227). 

Nrrnoso-a-NAFHTHOLS {see Naphthaquvnone- 
oximes, p. 385ci). 

NlTEO-a-NAPHTHOLS. 

a-Naphthol, nitrated in acetic acid below 7°, 
gives a 34% yield of 2-nitro-a-naphthol. If the 
acetyl derivative is similarly nitrated the yield 
of 2-nitro-a-naphthol is 46% and some 2:4- 
dinitro-a-naphthol is produced. The 4-mtro 
derivative is the chief constituent of the product 
of nitration of the methyl ether under similar 
conditions (Hodgson and Smith, J.C.S. 1935, 
671). But nitro- a-naphthols are commonly 
obtained from naphtholsulphonic acids, nitroso- 
naphthols, or nitrosonaphtholsulphonic acids 
containing the nitroso-group, or at least one 
sulphonic group, in the same nucleus as the 
hydroxyl group. A method, of no technical 
importance, from a-chloronitronaphthalenes, 
has been used to prepare 4-mono-, the 2:4-di- 
and the 2:4:6- and 2:4:8-tri-nitro-a-naphthols. 

The nitro-a-naphthols containing a nitro- 
group in the ori/m-position to the hydroxyl 
radical dye wool and silk in various shades of 
yellow. 

(i) 2-Nitro-a-naphthol, as already de- 
scribed, is a product of nitration of a- 
naphthol. It may be prepared from 2-nitroso- 
a-naphthol by oxidation with diluted nitric 
acid in the cold, or better with hydrogen per- 
oxide ; or from aoet-a-naphthalide by nitration, 
the 2-nitro-a-naphthol being separated, after 
hydrolysis by boiling with 6% caustic soda solu- 
tion, by distillation in steam (Hodgson and 
Kflner, ibid. 1924, 125, 807). 

Properties. — ^It crystallises in greenish-yellow 
plates, m.p. 128°, is sparingly soluble in dilute 
alcohol and only very slightly in water. It is 
volatile in steam and forms dark red salts with 
alkalis. Its acetate, bright-yellow needles, melts 
at 118°; the ethyl ether, also bright-yellow 
needles, melts at 84°. 
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(ii) S-Nitro-a-naphthol, yellow needles, 
m.p. 167-168° {see Vesely and Dvor&k, Bull Soc. 
chim. 1923, [iv], 33, 329). 

(iii) 4-Nitro-o-naphthoI {Frenc7i Telloro, 
Campobello Yellow; Ghryseic Acid) is formed 
•wken bis-4-nifcro-a-naphtliyl carbonate, m.p. 
212°, is heated with alcoholic potash (Reverdin 
and Kauffmann, Ber. 1895, 28, 3050) ; or when 
4-nitro-a-chloronaphthalene is heated with 
aqueous sodium carbonate under pressure at 1 50- 
165° (Greisheim,-G.P. 117731 ; B.P. 7692, 1900). 
The nitration of a-naphthyl m-nitrobenzenesul- 
phonate Avith fuming nitric acid in acetic add 
TOlds a mixture of 4- and S-nitro-compounds 
(Bell, J.C.S. 1933, 286). a-Naphthyl methyl 
ether, nitrated in acetic acid below 7°, gives 
mainly the 4-nitro-product (Hodgson and Smith, 

l. C.). 

Properties. — ^It crystallises from hot water in 
golden-yellow needles, m.p. 164°, readily soluble 
in alcohol or acetic acid; it is not volatile in 
steam. The salts are orange-red to dark red in 
colour, readily soluble in water ; the sodi um salt, 
NaA-f 2HoO, carmine-red needles, Avas formerly 
used as a "yellow dye for silk or avooI. The 
methyl ether melts at 85-86° (81°), tlio ethyl 
ether at 116-117° (120°). On nitration it jdelds 
2:4:-dinitro-a-naphthol, but the 4-nitro-a-naphthyl 
m-nitrobenzenesulphonate yields the 4:5-diTiitro 
derivative (Bell, l.c.). 

(iv) 5-Nitro-o-naphthol obtained from 5- \ 
nitro-a-naphthylamine, by the diazo-renction, 
separates from hot water in dark ycUoAV crj'stals, 

m. p. 165°; gives an acetate, needles, m.p. 114°, I 
and benzoate, m.p. 109° ; couples A\-ith di- 
azotised bases, and, Avith nitrous acid, yields 
5-nitrO‘4-nitroso-a-naphthol (Kaufler and Braucr, 
Ber. 1907, 40, 3271 ; Fichter and Kuhnel, ibid. 
1909, 42, 4751). 

(v) 6-Nitro-a-naphthol, yellow plates, 
m.p, 181-182° (Hodgson and Turner, J.C.S. 
1944, 8). 

(vi) 8-Nitro-a-naphthol, m.p. 130°, may 
be isolated from the product of nitration of 
a-naphthyl m-nitrobenzenesulphonate (Bell, l.c.). 

DlNTrKO-a-NArHTI10I.S, 

(i) 2:4-Dinitro-a-naphthoI {Martins Yel- 
low, Manchester Yellow, Naphthalene Yellow, 
Naphthol Yellow) is a product of the action of 
nitric acid on a-naphthol, 2-nitroso-, and 4- 
nitroso-a-naphthol, 2-nitro- and 4-nitro-o- 
naphthol, and on a-naphthol-2-sulphonic acid, 
a-naphthol-4-sulphonic acid, a-naphthol-2:4- 
disulphonic acid (Bender, Ber. 1889, 22, 996), 
or l-ethoxynaphthalene-4-sulphonic acid (Witt 
and Schneider, ibid. 1901, 34, 3186). It is also 
formed when a-naphthylamine is lieated Avith 
concentrated nitric acid, or nitrous fumes are 
led into an ethereal solution of a-naphthol at 0° 
(Schmidt, ibid. 1900, 23, 3245). 

Preparation. — ^Either a - naphthol - 2:4 - disul- 
phonic acid, made by sulphonating a-naphthol 
Avith tAvice its weight of sulphmdc acid boloAV 
50°, is heated Arith dilute nitric acid at 100°, or 
tlm two a-naphtholmonosulphonic acids, formed 
when a-naphthol is sulphonated imder Schaffer’s 
conditions (Annalen, 1869, 152, 293), are con- 
verted into their rdtroso derivatives by inter- 
action Avith sodium nitrite and sulphAiric acid in 
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the cold, and the product finally warmed Avith 
nitric acid. 

Properties. — It crystallises from alcohol in 
citron-yellow needles, m.p. 138°, does not 
volatilise AAuth steam and is sparingly soluble in 
alcohol, ether, and benzene. It is an acid, dis- 
soMng in sodium carbonate solution, and forms 
soluble, orange-coloAued salts (Korczjmski, Ber. 
1909, 42, 174). The sodium salt, NaA-hHoO, 
ammonium salt, NH^A-J-HoO, and calcium 
salt, CaA„-b6H„0, crystallise in needles, and 
Avere formerly used as golden-yellow dyes for 
silk and avooI. Dinitro-a-naphthol, howcA'cr, 
has littlo affinity for tho fibre, being removed 
from it cither by volatilisation or by Avasliing. . 

Pcactions. — ^\Vith nitric acid in sulphuric acid 
below 60°, it yields a mixture of 2:4:5- and 2:4:7- 
trinitro- a-naphihols. Prolonged boiling Avith 
concentrated nitric acid oxidises it to phthalic 
and oxalic acids. With cold hypochlorite it 
gives first 2-chloro-[a-'\naphlhaquinonc and finally’ 
phthalic and oxalic acids. Digested AA-ith alcoholic 
ammonia at 190-200°, it yields 2:-l-dinitro-a- 
naphthylaminc. With potassium cyanide in hot 
alcoholic solution, naphthylpnrpuric acid is 
formed and AA'ith tolucnc-p-sulphonj’l chloride 
and dicthylanilinc, 4-chloro-l:3-dinilronaphtha- 
Icne is obtained (Ullmann and Bruck, ibid, 
1908, 41, 3932). 

(ii) 4:6-Dinitro-a-naphthol, mixed Avith the 
4:8-dinitro-a-naphthol, is obtained from tho 
product of nitration of a-naphthyl m-nitro- 
bcnzcncsuJpbonalo m’lh fuming nitric acid in 
acetic acid (Bell, J.C.S. 1933, 286). It is pre- 
pared by oxidation of 5-nitro.4-nitroso-a- 
naphthol AA'ith alkaline ferriej’anido solution. 
It ciystalliscs in yclloAV needles, m.p. 230°, is 
only sparingly soluble in Avater and has feeble 
dyeing properties (Friedliindcr, Bor. 1899, 32, 
3529). Tho methyl ether, m.p. 210°, and ethyl 
ether, scales, m.p. 182°, have been described 
(Ullmann and Consonno, ibid. 1902, 35, 2808). 

(iii) 4:8-Dinitro-a-naphthol may bo ob- 
tained ns nboA'o or by oxidation of tho corre- 
sponding 8-nitro-4-nitroso-a-naphthol and has 
m.p. 135°. 

TntNiTRO-a-NArimioLs. 

(i) 2:4:6-Trinitro ' a- naphthol {Naphtha- 
picric acid) is formed Avhen 6-nilro-4-nitroso-a- 
nnphthol is warmed AA'ith dilute nitric acid 
(Graobo and Ooscr, Annalen, 1904, 335, 147; 
c/. J.S.G.I. 1900, 19, 339); or, mixed Avith tho 
2:4:7-trinitro derh'ntivo, AA'hen 2:4-dinitro-a- 
naphthol is nitrated in tho cold with nitrosul- 
phuric acid (Kchrmann and Hnberkant, Bor. 
1898, 31, 2421). 

Properties. — It forms needles, m.p. 190°, and 
its potassium salt, KA-f H„0, needles, is easily 
soluble in hot, sparingly in” cold Avater. It is a 
strong acid, dyes wool yellow, yields 3-nitro- 
phthalic acid on oxidation and gives 4-chloro- 
l:3iS-trinitronaphthale7ie Avhen heated AA'ith 
toluene-p-sulphonyl chloride and dicthylanilinc. 

(ii) 2:4:7-Trinitro-a-naphthol is tho more 
soluble isomer obtained AA’hen 2:4-dinitro-a- 
naphthol is nitrated in tho cold with nitrosul- 
phuric acid (Kchrmann' and Haborkant, l.c.), 
and is freed from the 2:4:5-compound by con- 
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version into the sparingly soluble sodium salt 
(Kehrmann and Steiner> ibid. 1900, 33, 3286). 

Properties.— It forms yeUow needles, m.p. 146°, 
but, from benzene or acetic acid, prisms, con- 
taining solvent, vrbicb (jffloresce in tbe air. On 
oxidation it yields 4-iiitropbtbaUc acid. The 
potassium salt is easily, but the sodium salt, 
yellow needles, only sparingly soluble in water. 

{iii) 2:4:8-Trinitro-a'naphthol. obtained by 
' mixin g 8-nitTO-4-nitrQs0-o-napbtbol with 60% 
nitric acid in the cold (Graebe and Oeser, 
Annalen, 1904, 335, 166) forms yeUow prisma, 
m.p. 176°. It dyes woo) yellow. 

(iv) 4:6:7-(or 4:6:8-)Trmitro - a- naphthol 
has not been isolated, but its methyl ether is 
formed by tbe interaction of l:3:5;8-tetranitro- 
napbtbalene and sodium metboxide. This 
ether crystalbses in yellow needles, m.p. 186°, 
and on oxidation yields 3:5-dinitropMJialic acid 
(Wm, Ber. 1895, 28, 373). 

TETEANITEO'Ct-NAPHTHOIi. 

2:4:5:7 - Tetranitro - a - naphthol (Helio- 
cTirysin) is obtained by digesting tetranitro-a- 
bromonaphthalene (m.p. 170'6°) with warm, 
concentrated aqueous sodium carbonate (Merz 
and Weith, ibid. 1882, l5, 2714). It crystallises 
in yellow scales, m.p. 180°, and forms reddish- 
yeUow salts which dissolve only sparingly in 
water. The poiossiMTO salt, KA-pl^^H^O, prisms, 
is soluble in 340 parts, and the sodium salt, 
NaA-{-2H20, scales, in about 94 parts of water 
at 19°. It dyes silk and wool golden-yellow, but 
has no technical value. 

NiTEO-a-KAPHTHOLStrLPHONIO ACIDS. 

(i) 2-Nitro-a-naphthol-4-sulphonic Acid 
can be obtained from the corresponding ethyl 
ether by hydrolysis with caustic potash solution. 
The basic barium salt, BaA-fH20, is very 
sparingly soluble ; the yellow potassium and 
orange basic potassium salts form needles easily 
soluble in water. When its salts are heated with 
hydrochloric acid xmdef pressure at 160-160°, 
2 - nitro-a-napMhol is obtained (Witt and 
Schneider, ibid. 1901, 34, 3189). 

(ii) 2-Nitro-a-naphthol-7-sulphonic Acid, 
formed from diazotised 2-nitro-4-amino-a- 
naphthol-7-sulphonic acid by decomposition in 
water with copper powder, crystallises with 
IHgO in yellow needles. Its copper salt, 
CuAg-t-SHgO, forms greenish-yellow needles. 
On reduction it yields 2-amino-a-naphth.ol-’l- 
sulphonic acid (Finger, J. pr. Chem. 1909, [ii], 
79, 441). 

(iii) 2:4-Dinitro- a- riaphthoI-7-sulphonic 
Acid (Naphthol Yellow S, Acid Yellow S) is 
formed by nitration of a-naphthol-7-sulphonic 
acid (Bender, ibid. 1889, 22, 996), or of a mixture 
of a-naphthol-2:7- and 4:7-disulphonio acids 
(Levinstein, B.P. 6692, 1882 ; Leonhardt, B.P. 
11318, 1887), or of a-naphthoi-2:4:7-trisulphonic 
acid (Badische, G.P. 10785 ; Hoohst, G.P. 22645 ; 
B.P. 2178, 1882). 

Preparation. — (1) To the solution obtained 
by diluting the trisulphonation melt from a- 
naphthol (10 kg.) with water to 100 litres, nitric 
acid, p 1.38 (25 kg.) is added below 60°. From 
the solution dinitro-a-naphtholsidphonic acid 


separates in needles, the mothef-hquors con- 
taining other unidentified nitration products. 

(2) The mixed a-naphtholdisulphonic acids of 
Leonhardt’s B.P. 11318, after conversion into 
nitroso-compounds by action of sodium nitrite, 
are nitrated at 50° with nitric acid in the pro- 
portion 25 kg. to every 10 kg. of a-naphthol 
sulphonated. 

Salts . — ^The acid crystallises from hydrochloric 
acid in yellow needles. The hanaw- and tek 
potassium, KgA, salts are very sparingly soluble ; 
the acid potassium, KA, basic sodium, NEjA, 
and ammonium salts are orange-yellow and 
readily soluble in water. It is a strong acid, 
possesses considerable tinctorial power and is 
used as a yellow dye for wool. 

Reactions . — ^By oxidation with nitric acid 
(p 1.35) it gives i-sulpliophthalic acid. With 
hypochlorite it is rapidly oxidised in the cold 
to d-sulphophtlialic acid and chlorOpieiin (Seye- 
wetz and Chaise, Bull. Soc. chim. 1927, [iv], 41, 
196). It may be reduced to yield 2-nf<ro-4- 
amino-a-naphtliol-1 -sulphonic acid (Finger, l.c.) 
by stannous chloride in hydrochloric acid, but, 
in ammoniacal solution ■with sodium sulphide, it 
gives the isomeric 4-nitro-2-amino'a-naphthol-7- 
sulphonic acid (Gesellsch., G.P. 189513 ; B.P. 
7635, 1906). 

(iv) 2:4-Dmitro-a-naphthol - 6- sulphonic 
Acid (Brilliant Yellow) is formed when the 
nitroso derivative of sodium a-naphthol-8-sul- 
phordc acid in dilute sulphurio acid solution is 
mixed with nitric acid in the cold> finishing at 
100° ; or when sodium a-naph'fchol-2:4:8-tri- 
sulphonate, dissolved in sulphuric acid, is mixed 
with ■nittosu.l^h'isic ucid at 2,0° (Dceasel and. 
Kothe, Ber. 1894, 27, 2145). 

Properties . — The potassium salt, KA+HjO, 
and the sodium salt, NaA, form sparingly 
soluble yellow needles, and in an acid bath dye 
silk and wool a more orange shade than that 
produced ■with the isomeric 7-sulphonio acid. 
As a dyestuff it has no technical value. 

j8-Naphthol. 

j8-Naphthol [2-hydroxynaphthalene) is the most 
important technical intermediate product pre- 
pared from naphthalene. Not only is it used 
for the production of dyes and pigments by 
coupling with diazotised bases, but also for the 
manufacture of j8-naphthylamine, of several 
)5-naphtholsulphonic acids, and of the important 
2:3-hydroxynaphthoic acid {q.v.). It is manu- 
factured by fusing sodium naphthalene-^- 
sulphonate ■with caustic soda. 

Manufacture . — Caustic soda (lO parts) is 
melted "with a small quantity of water, in a cast- 
iron vessel fitted ■with a stirrer, at 270-300°, and 
sodium naphthalene-yS-sulphonate (about 20 
parts), which may contain a small proportion of 
water, is charged in over a period at the same 
temperature. The fusion is finished off at about 
300° and the melt then dissolved in the minimum 
amount of water. At this stage some sohd 
sodium sulphite maybe recovered. The liquor 
is neutralised, finally acidified with sulphuric 
acid and then run off from the separated ^- 
naphthol, which after being washed thoroughly 
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with water is then dried and distilled ‘under 
reduced pressure. Instead of sulphuric acid, 
sulphur dioxide may be used to “ split ” the 
diluted caustic melt, the sulphur dioxide being 
generated by using recovered sodium sulphite to 
neutralise the sulphuric acid in the sulphonation 
of naphthalene. There is some tarry residue 
from the distillation ; this is said to bo increased 
by the presence of iron salts or jS-sulphonate and 
especially by naphthalene-^-sulphonic acid in the 
6-naphthol (Troitzki and Blagovestschenski, 
Prom. Org. Chem. 1937, 3, 89). 

To avoid oxidation, which occurs during alkali 
fusion of sulphonic acids in open vessels (Boswell 
and Dickson, J. Amer. Chem. Soc. 1918, 40, 
1787), the fusion may be conducted in caustic 
soda solution of p 1-384 in an autoclave at 300- 
330° for 10-12 hours (Alctienges., F.P. 4G9040, 
J.S.C.1. 1914, 33, 956), or with 10% caustic soda 
at 300° for 30 hours (Willson and Jlc^'cr, Ber. 
1914, 47, 3102), or by adding Lot (100°) con- 
centrated aqueous solution of naphthalcnc-jS- 
sulphonate to fused caustic soda in a covered 
vessel at 300°. The addition of 1-2% sodium 
carbonate dining fusion is said to prevent over- 
heating and charring (Znlcliarov, B. 1929, 274). 
Oxidation is prevented bj- avoiding iron vessels 
and working imder air-free conditions .(Jlay, 
J. Amer. Chem. Soc. 1922, 44, 050). The 
presence of sodium bisulphatc in the crude 
naphthol leads to formation of )3)S'-dinaphthy) 
ether on distillation (Bodionov and Manzov, 
J.S.C.r. 1923, 42, 5091). 

Properties . — ^^-Naphthol crj'stallisos in scales 
or rhombic tables, m.p. 122-0-122-2°, b.p. 
294-85°/760 mm. (IBerlincr, IMay and Lynch, 
J. Amer. Chem. Soe. 1927, 49, 1012). It is 
readily soluble in organic solvents or in aqueous 
caustic alkali solution ; sparingly soluble in hot 
water. It sublimes, and can bo distilled in 
superheated steam. It has antiseptic properties. 
The sodium, m.p. 120°, and potassium naph- 
thoxide, m.p. 38-40°, crj’stalliso in scales (Mcl- 
drum and Patel, J. Indian Chem. Soc. 1928, 6, 
91). 

Reactions. — j3-Naphthol couples readily with 
diazotised bases and is used ns an end com- 
ponent for the production of azo-d 3 'cs, cither 
in substance or on the fibre. With nitrous acid 
it forms nitroso-P-naphlhdl (sec naphthaquinonc- 
orimes, p. 385a), or, in ethereal solution, 1:0- 
dinitro-^-naphthol, which is also a product of 
direct nitration in acetic acid (Bell, J.C.S. 1932, 
2732). By sulphonation, mono-, di-, and Iri- 
sidphonic acids may be prepared. Distilled M-ith 
zinc dust it yields P-dinaphthylene oxide (Brass 
and Patzelt, Ber. 1937, 70 [B], 1349). 

• with alkaline permanganate, it yields 

o-carloxycinnamic acid or plithalonic acid 
(Henriques, ibid. 1888, 21, 1018), but fused with 
caustic alkali and copper oxide, or hydrated 
manganese peroxide, it gives phthalic and benzoic 
Tnof' oxidised with peracetic acid, in 

10 /o acetic acid at below 40°, it yields 80% of 
^(Mrboxy&aocinnamic acid (Boeseken and von 
Komgsfeldt, Bee. trav. chim. 1935, 54, 313). 
On oxidation ivith ferric chloride it yields 1:1'- 
i-p-naplithol (q.v.), with intermediate formation 

J- Chem. Buss. 
1937, 7, 2710; A. 1938, 182). 


Heated with ammonia and ammonium sul- 
phite at 100-150° under pressure it yields (S- 
naplifhylamine — ^the reaction with ammonia can 
also be conducted catalyticallj' over alumina at 
430-445° (Howald and Lowy, Ind. Eng. Chem. 
1923, 15, 397) — or 114111 acetamide it yields 
acet-p-naphthalide or ^vith nniHno N-p?ienyl-p- 
naphihylaminc. With )3-aminoothyl alcohol in 
presence of aqueous sodium bisulphite at 90° 
it eives 5-hjdroxi/eth7/l-2-aminonaphthahne, m.p. 
51° (LG., B.P. 442310). 

Condensed with aldehydes, sulphur chloride, 
benzyl chloride, etc., it gives resinous com- 
pounds (I.G., B.P. 327713; Bakclite, B.P. 
4CS391). With dimcthjdolcarbamido it gives 
di-p-naphlhyldimethylcarbamidc, which, boiled 
uith hydrochloric acid, 54clds ap-di(2-7iydroxy-l- 
naphfhyt)cthanc (De Diesbach ct al., Hciv. Chim. 
Acta, 1931, 14, 355). 

^-Naphthol condenses with carbon disulphide 
in presence of alkali and a solvent such ns 
acetone to give 2-hydroxy-l-dithionap?itJioic acid, 
m.p. 99°, which can be used ns a rubber %'ul- 
canisation accelerator (Wingfoot Corp., B.P. 
551305 ; cf. U.S.P. 2289049, 1042). 

It forms basic salts when boiled in carbon 
tetrachloride with metallic chlorides such ns 
WC1 j(OC|qH-) 4 with tungstic chloride (Funk 
and Baumann, Z. anorg. Chem. 1937, 231, 
204). It gives mokculnr compounds uith 1- 
ch\oTO-2A-dinilr6bcnzcnc, deep j-cllow crj-stnls, 
m.p. 01°; with 2;4-dinitrotolucnc, m.p. 74-5°; 
with (rinttrobcnzcnc, yellow needles, m.p. 158° 
(Buchler, Hisoy, and Wood, J. Amer. Chem. Soc. 
19.30, 52. 1939). 

Colour Reactions . — .\n aqueous solution of )3- 
naplithol with blcaching-powdcr solution gives 
a pale j-cllow coloration disappearing on addition 
of excess ; with ferric chloride solution, a pale 
green coloration changing to a white precipitate 
of ^^'-dinnphthol. Warmed with strong caustic 
potash solution and chloroform at 50°, it gives a 
Prussian blue coloration which graduallj* fades 
through green to brown. With sodium it gives 
(ns distinct from a-naphthol) a deep blue colour 
(Kunz-Krauso, Chcm.-Ztg. 1923, 47, 040). 

Tests . — Commercial jS-najihthol is a cream}' 
white powder or flakes. Its crystallising point 
should not be below 120-5° and a-naphthol 
content not above 0-1%. 

Estimation . — This may be done cither by 
titration in alkaline solution with a standard 
solution of a diazotised base, or by addition of 
excess standard iodine (a tri-iodo derivative is 
formed) to the alkaline solution and back 
titrating the excess iodine, after acidifieation, 
with sodium thiosulphate. For methods of 
estimating a-naphthol in /3-nnphthol, see Callnn, 
J.S.C.I. 1925, 44, 125. 

)5-Naphthyi Methyl Ether (Ncrolin), pre- 
pared by heating /3-naphthol (5 parts) dissolved 
in absolute methyl alcohol (6 parts) with sul- 
phuric acid (2 parts) forms scales, m.p. 72°, b.p 
274°, is sparingly soluble in alcohol and has an 
odour of orange flowers. It reacts with o- 
phthaloylchlorido in carbon disulphide to give 
o-2-methoxy-l-napldhoylbenzoic acid, m.p. 195- 
190°; and in tetrachlorothane to give 1:8- 
phthahjl-^-naqMhol, m.p. 199-200° (Knapp, 
Monatsh. 1932, 60, 189). 
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j5-Naphthyl Ethyl Ether, prepared by 
reaction of ;8-naphthol with ethyl alcohol in 
presence of sulphuric acid, has m.p. 37°,b.p. 282°, 
is readily soluble in alcohol, and has an odour 
of pineapple. On nitration it yields 1-niiro-p- 
ethoxynaphthalene, m.p. 104°, as major product, 
with some Q-nitro-^-ethoxyiiaplithalene, m.p. 114°* 
(Gaess, J. pr. Chem. 1891, [ii], 43, 22). 

j3-Naphthyl Phenyl Ether, m.p. 46°, is 
obtained when a solution of sodium )3-naph- 
thoxide in )S-naphthol is heated with chloro- 
benzene under pressure at 200-220° (Eritzsche, 
G.P. 269543 ; B.P. 9797, 1913). 

naphthyl Ether, m.p. 105°, is formed 
by boihng /S-naphthol for some hours with 50% 
sulphmric acid (Graebe, Ber. 1880, 13, 1850), or 
by heating jS-naphthol with phosphorus penta- 
chloride (1 mol.) at 100° for 2 hours (Berger, 
Compt. rend. 1905, 141, 1027). Other ethers 
are described by ICirner and Richter, J. Amer. 
Chem. Soc. 1929, 51, 3409. Many naphthyl 
ethers may be identified as picrates {see Dermer, 
J. Org. Chem. 1938, 3, 289). 

;8j3'-Dinaphthyl Carbonate, m.p. 176-177°, 
obtained by action of phosgene on sodium )3- 
naphthoxide, forms needles, sparingly soluble in 
alcohol. On sulphonation it 5delds a mixture of 
P-napMhol-6-, -7-, and -8-sulphonic acids (Rever- 
din and Kauffmann, Ber. 1895, 28, 3057). 

jSjS'-Dinaphthyl Sulphite is obtained when 
j8-naphthol dissolved in carbon disulphide is 
heated with thionyl chloride in presence of 
pyridine (Badische, G.P. 303033). 

J3- Naphthyl Acetate, m.p. 70°, obtained by 
heating )3-naphthol ndth acetyl chloride, or with 
acetic acid at 240°, is sparingly soluble in water 
and is hydrolysed on distillation in steam (see 
Leman, Compt. rend. 1936, 202, 579). 

/S-Naphthyl esters of aromatic carboxyhc acids 
by interaction with acid condensing agents, such 
as aluminium chloride, are converted into a- 
aroyl-fi-naphthols ; thus )3-naphthyl benzoate 
gives l-henzoyl-2-naphthol (Hochst, B.P. 248791). 

jS-Naphtholsulphonio Acids. 

The common method for the preparation of 
the greater number of the )3-naphtholsulphonic 
acids is sulphonation of (3-naphthol. With a 
limited proportion of sulphuric acid the first 
product at low temperatures is ^-naphthol-1- 
sulphonic acid. With temperature rising to 
60-60°, the 6-, 7-, and 8-sulphonic acids are 
formed, the 8-acid predominating, the 7- only 
in traces. At 90-100° the j8-naphthol-6-sul- 
phonic acid predominates. Using a larger pro- 
portion of sulphuric acid, disulphonic acids are 
formed, the 6:8-disulphonic acid predominating 
at lower temperatures (60-80°), the 3:6-disul- 
phonic acid at higher temperatures (120-130°), 
but the reaction always produces a mixture in 
which /3-naphthol-6-sulphonic acid is never com- 
pletely absent. Under stfil more drastic condi- 
tions, using an excess of 20% oleum, first th^:6;8- 
trisulphonic acid and later the l:3:7-trisulphonic 
and the 1:3;6;7 -tetrasulphonic acids are produced 
(Vorontzov and Sokolova, B. 1937, 1018). 

^-Naphthol-7-sulphonic acid, which is best 
prepared from naphthalene-2:7-disulphonic acid 
by fiMion with caustic soda, gives the 1:7- and 
3:7-disulphonio acids on further sulphonation. 


followed by the l:3:7-triBulphonc acid and 
l:3:6:7-tetrasulphonic acids on stiU more drastic 
sulphonation with oleum. 

The composition of the mixtures of sulphonio 
acids formed is, to some extent, probably 
governed by an equilbrium, dependent on tem- 
perature, set up comparatively slowly. The 
relationship between these acids is shown in 
the scheme given on the opposite page. Despite 
the general rule of preferential substitution 
in the a-position, the sulphonic acid radical 
is not found in either the 4- or 5-position in any 
of the products of sulphonation of )S-naphthol. 
With reference to the 1 -position, of the four acids 
obtained from j8-naphthol-7-sulphonic acid by 
sulphonation, the three containing a sulphonic 
group in this position are formed under an- 
hydrous conditions. 

Sulphonation of j3-naphthol with chlorosul- 
phonio acid follows a different main route. At 
ordinary temperatures the chief monosul- 
phonation product is j8-naphthol-l-sulphonic 
acid ; at 130°, in tetrachlorethane, ^-naphthol-6- 
sulphonio acid. With excess of chlorosulphonic 
acid, at ordinary temperatures, )5-naphthol-l:6- 
and l:5-disulphonyl chlorides are formed; at 
130-140°, )S-naphthol-3:6:8-trisulphonyl chloride 
(PoUah, Gebauer-Eiilnegg and Blumenstock- 
Halward, Monatsh. 1928, 49, 187 ; 1929, 53-54, 
83; Poliak and Blumenstock-Halward, ibid. 
1928, 49, 202). 

Addition of boric acid during sulphonation 
with sulphuric acid favours formation of the 1- 
srdphonio acid ; 0'33 mol. of boric acid per mol. 
naphthol gives the maximum effect. Disul- 
phonation at 0° in presence of boric acid gives 
the l:6-disulphonic acid in good yield (Engel, 
J. Amer. Chem. Soc. 1930, 52, 2836 ; cf. Ckossley 
and Simpson, U.S.P. 1570046). 

Because sulphonic groups in an a-position are 
preferentially replaced, the methods most widely 
used in preparation of a-naphtholsulphonic acids 
caimot be applied generally to the preparation 
of )3-naphtholsulphonic acids. Thus alkali 
fusion can only be used with naphthalene-2:6- 
and 2:7-disulphonic acids to prepare jS-naphthoI- 
sulphonic acids. Further, exchange of the 
amino-group for hydroxyl is of limited use in the 
j8-series because the yS-naphthylaminesulphonic 
acids are themselves prepared from the jS- 
naphtholsulphonic acids. 

The ^-naphtholsulphonates are well defined 
and comparatively easy to separate from mix- 
tures. The formation of arylamine salts has 
been suggested as a special method of separation 
and characterisation, as these salts have sharp 
melting-points (Foster and Keyworth, J.S.C.I. 
1927, 46, 29i). 

The chief uses of jS-naphthoIsulphonio acids 
are the preparation of /3-naphthylaminesul- 
phonic acids and in the manufacture of ortho-azo 
dyes. The position of the sulphonic groups 
affects the colour of the compounds formed on 
coupling with diazotised bases (see Crossley and 
Resenvelt, Ind. Eng. Chem. 1924, 16, 271). 

)S-Naphtholsulphonic acids give tanning agents 
with halogenated aralkyl hahdes (I.G., B.P. 
320056) and with formaldehyde (Badische, G.P. 
409984 ; Deutsch.-Koloniale Gerb.- and Farb- 
stoff-Ges., G.P. 306132). 
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jS-NAPHTHOL MoNOSULPHONIO AoIDS. 

The technically valuable ^-naphtholmonosul- 
phonic acids are the 1-, 6-, 7-, and 8-isomers. 

(i) jS-NaphthoI-l-sulphonic Acid {Oxy- 
Tobias acid, Armstrong Acid) is the main pro- 
duct, along -with a small proportion of the 8- 
sulphonic acid, of the sulphonation of ^-naphthol 
with 90% sulphuric acid at 36-46°, or at lower 
temperatures (see Nat. Aniline and Cliemical 
Co., U.S.P. 1913748). It is isolated, after 
neutralisation with lime and separation of the 
gypsum, by salting out or precipitation as the 
sparingly soluble basic barium salt (Tobias, 
G.P. 74688). It is manufactured by the action 
of sulphur trioxide below 16°, or of chlorosul- 
phonic acid below 10°, on ^-naphthol suspended 
in an inert liquid, such as o-nitrotoluene (Du 
Pont, U.S.P. 1662396 ; 1716082). 

Identification. — Both basic and normal salts, 
except the basic barium salt, are easily soluble 
in water. The normal barium salt, 
BaAa-f 2 C 2 H 50 H, 

potassium salt, KA, and sodium salt, NaA, 
crystallise from alcohol in scales ; the disodium 
salt, Na 2 A-)- 2 C 2 H 50 Hi in scales, shows no 
fluorescence in aqueous solution. Neutral solu- 


tions of the salts give an indigo-bluo coloration 
with ferric cUorido ; acid solutions hydrolyse to 
)3-naphthol on heating. 

Reactions. — ^With sulphuric acid at 60-60°, 
P - naphthol - 6:8 - disiilphonic acid is formed. 
Heated with 20% ammonia at 220-230°, it 
yields p-napJtthylamine-l-sulphonic acid. The 
latter may also bo prepared by the bisulphite 
reaction, but the product obtained by saturating 
the disodium salt with sulphur dioxide is not a 
sulphurous ester of the Buchoror typo (Voros- 
chov and Kasatkin, Bor. 1929, 62 [B], 57). 

With diazotised bases in concentrated alkaline 
solution, co\ipling occurs in the 1-position, the 
sulphonio acid group being eliminated. Coupled 
in neutral or faintly alkaline solution, inter- 
mediate products are formed with certain 
diazotised bases, such as p-nitrodiazobonzono. 
These were formerly regarded as diazo-oxides 
(Buchorer and Tama, J. pr. Chom. 1930, [ii], 
127, 39), but have been shown by Rowe and liis 
collaborators to bo sodium l-arylazo-[p-']nap7ilha- 
qiiinone-l-sulpJionates. A freshly prepared allja- 
line solution of these intermediate products on 
acidification gives the azo-dye, with elimination 
of the sulphonio group, but certain of them (from 
p-nitrodiazobenzene, etc.), after standing in 
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alkaline solution, give, on acidification, complex 
phthalazine derivatives. 

N=N-R 


NaO,S 



N— R 


CHa-COONa 


Eor tkis reaction it is essential that a free 
hydroxyl group shall occupy the 2-position; 
if replaced by amino-, methoxy-, or bromo-, no 
reaction occurs (J.C.S. 1926, 690 ; 1928, 2550, 
2656; 1931, 1073; 1932, 11, 473, 1118; 1935, 
1253, 1796; 1936, 1098, 1704; 1937, 90). 

P-Naphthol-l-sulphonyl chloride, m.p. 124°, 
has been obtained by deacetylation of the acetyl 
derivative (Ansohiitz and Maxim, Annalen, 1918, 
415, 89). 

Estimation. — ^^-Naphttidl-l-suiphonic acid may 
he estimated by bromopotentiometric titration 
(Harland, Forrester, and Bain, J.S.G.I. 1931, 
50, IOOt). 

(ii) ^-Naphthol-3-su)phonic Acid has been 
prepared from 2-metlioxy-3-naphthoamide by 
conversion into 2-metlioxy-3-aminonaphthalene 
and thence, through the sulphinic acid and the 
sulphonic acid, to the 2-methoxynaphthalene-3- 
sulphonic acid which is readily demethylated 
(Holt and Mason, J.C.S. 1931, 378). 

Identification. — The feebly alkaline soli 


salts give a blue colour with ferric chlorii 
The sodium salt, NaA-l-HjO, crystallises 
plates ; the aniline salt melts at 241-242°. T 
amide, yellow, melts at 110°. 


from the 6-sulphonic acid. 


pressure at 170-185° (Kalle, 


280° it yields o-tohtic acid (KaUe, G.P. 79028). 
When the o-acyl derivatives are nitrated, a 
mixture of 6- and 7-?M‘fro-compounds is formed 
(Geigy, B.P. 553535, 1941). The 6-nitro deriva- 
tive is described by Ruggli (Helv, Cbim. Acta 
1929, 12, 1042). It couples with diazotised 
bases (I.G., B.P. 292344). 

(iv) )3-Naphthol-5-sulphonic Acid has 
been prepared from )S-naphthylamine-5-sul- 
phonic acid by the diazo-reaction (Dahl, B.P. 
7712, 1884; Claus, J. pr. Chem. 1889, [ii], 49, 
316). It forms azo-dyes which are not com- 
mercially important. Fused with caustic soda 
it gives l:6-dihydroxynaphtJialene. 

(v) )S-Naphthol-6-sulphonic Acid (Schaffer 
Acid) is obtained as main product of the sul- 
phonation of jS-naphthol with sulphuric acid at 
100° (Armstrong, Ber. 1882, 15, 201). It is the 
chief product of sulphonation of )3)3'-dinaphthyl 
ether at 90-100° (Bronner, B.P. 3606, 1883). It 
has also been obtained by fusion of sodium 
naphthalene -2; 6 -disulphonate with caustic alkali, 
or from )5-naphthylamine-6-sulphonic acid by 
the bisulphite method (Badische, G.P. 134401). • 

Preparation. — j3-Naphthol (1 mol.) is stirred 
with monohydrate (2 mol.) at 100° until sul- 
phonation is complete. The product is drowned 
in water, the solution neutralised with hme, 
filtered from gypsum, converted into the sodium 
salt with sodium carbonate, filtered from cal- 
cium carbonate and the filtrate salted to 20% 
with common salt, after concentration if neces- 
sary. The sodium salt of j8-naphtbol-6-sulphonic 
acid is precipitated leaving 3:6-disulphonate 
(R-salt) in solution. If the sulphonation is 
canied out at a Icwer tempaiatiaia, er witla Isa?, 
acid, the by-product left in solution is chiefly 
/3-naphthol-8-sulphonate (Fierz-David, Farben- 
chemie, 1938; see Vorontzow, J. Chem. Ind. 
Russ., 1930, 7, 1287 ; B. 1932, 138). 

Identification. — The acid forms easily soluble, 
non-deUquescent scales with 1 HgO, m.p. 125°. 
The anhydrous acid has m.p. 167° (Engel and 
Hutchinson, J. Amer. Chem. Soc. 1930, 52, 211). 
Most of the salts of this acid crystaUise in plates. 


acid under 
78603). It 

1 -amino-2-naphthol-4-sulphonic acid by re- 
duction with glucose, or with sodium sulphide 
(Masschalk, Bull. Soc. chim. 1929, [iv], 45, 651), 
or by boiling with absolute alcohol (Morgan 
and Jones, J.S.G.I. 1923, 42, 97t), or from 2- 
naphthol-l:4-disulphonic acid (Krebser and 
Vannotti, Helv. Chim. Acta, 1938, 21, 1228). 

Reactions. — ^Heated with ammonia under 
pressure^ it gives fi-naphthylamine-i-sulpJionic 
acid. Digested with 60% caustic soda at 230- 


Salt. 

Water of 
crystallisation, 
mol. 

Solubility, g. salt 
in 100 c.c. solution 
at 20°. 

NaA . . 

2 

about 1-7 

MgAj . . 

8 

0-96 

BaAj . . 

6 

1-74 

ZnAg . . 

8 

0-87 

MnA, . 

8 

1-20 

CoA," . . 

8 

0-50 

NiAg . . 

8 

0-53 

PbAg . . 

6 

1-81 


(Ephraim and Pfister, Helv. Chim. Acta, 1925, 
8, 229). 

In aqueous solution the salts show a blue 
fluorescence and give a pale green coloration 
with ferric chloride. With nitric acid, solutions 
of the salts become carmine-red owing to the 
formation of an indophenol derivative of 
[j8-]naphthaquinone, which has been isolated 
(Nietzki and Knapp, Ber. 1897, 30, 187). 

Reactions. — With diazotised bases azo-dyes 
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are formed. With nitrous add 1-nitroso-p 
naphtM-d-sulpJionic acid is formed which, with 
ferric chloride, gives a valuable Naphthol Green. 
With nitric acid in presence of sulphuric acid 
some 1-niiro derivative is formed, but the main 
product is a diniiro derivative. On sulphonatiop 
with monohydrate, p-naphthol-3:6-disidphonic 
acid is formed. By the bisulphite reaction, or 
by heating with ammonia alone imder pressure, 
p.naphfhyiamine-6-sulphonic acid may bo pre- 
pared. Fused with caustic soda 2:Q-dihydro:cy- 
naphthalene is obtained. By oxidation with 
aqueous ferric chloride, 2:2'-dihydrozy-l:l'- 
dinaphthyl-6:G'-disulphonic acid is formed (Joffc, 
J. Gen. Chem. Russ. 1935, 6, 877, 950 ; A. 1936, 
67). 

Derivatives . — ^The phenyl ester, needles, m.p. 
131°; amide, scales, m.p. 237-239°; dimethyl- 
amide, scales, m.p. 125°; and anilide, needles, 
m.p. 161°, have been obtained from the corre- 
sponding derivatives of l-carbo.vy-^-naphthol- 
6-sulphonyl chloride by elimination of carbon 
dioxide (Bayer, 6.P. 278091). 

(vi) )S-NaphthoI-7-sulphonic Acid (F- 
acid) is a product, along with the 6-sulphonic 
acid, of sulphonation of ^-naphthol with mono- 
hydrate at 100-130° but this is not a method 
for its manufacture. It can be obtained from 
j8-naphthylamine-7-sulphonic acid by the bi- 
sulphite method (Buchcrer, J. pr. Chem. 1904, 
[ii], 69, 73). 

Preparation. — Sodium naphthaleno-2:7-disul- 
phonate is digested with four times its weight 
of 50% caustic soda solution under pressure at 
225° for 10 hours. From the solution of the 
melt in twice its weight of water, after it has 
been acidified and boiled to remove sulphur 
dioxide, sodium |S-naphthol-7-sulphonate crystal- 
lises in the cold (Cassella, G.P. 42112; B.P. 
12908, 1886). If a crude mixture of sodium 
naphthalene-2:6- and 2:7-di8ulphonate is used 
for this preparation, the 0-sulphonate may bo 
removed by salting out its less soluble sodium 
salt from alkaline or acid solution (Cassella, G.P. 
45221). 

Identification. — ^The acid forms hydrated 
needles, m.p. 89°, readily soluble in water or 
alcohol ; the barium salt sparingly soluble 
prisms, the magnesium salt, MgAo-l-SJHjO, 
scales; the potassium salt, KA-fHjO, readily 
soluble rhombs ; the sodium salt, N a A-f 2 J H ,0, 
large scales soluble in 12-6 parts of water at i6°. 
In alkaline solution the salts show a pure blue 
fluorescence, and in neutral solution give a dark 
blue coloration with ferric chloride. 

Reactions. — It couples with diazotised bases 
forming azo-dyes. With nitrous acid it gives 
\-niiroso-^-naphthol-'l-sulphonic acid, convertible 
into a. Naphthol Green by iron salts (Cassella, l.c.). 
On sulphonation with chlorosulphonic acid it 
yields p-naphthol-l:l-disidphonic acid, but with 
sulphuric acid at 120°, the 3x1 -disulphonic acid. 
By the bisulphite method, or heated with 20% 
ammonia at 250°, it is converted into ^-naphthyl- 
amine-7 -sulphonic acid ; with dimethylamine at 
220 , the product is dimcfhyl-^-naphthylamine-7- 
sulphmic acid. Fused with caustic soda it yields 
2:7-dihydroxynaphthalene. 

(vii) ^-Naphthol-8-sulphonic Acid (Cro- 
ceine Acid) may be obtained pure from j8- 


naphthylamine-8-sulphonic acid by the bisul- 
phite reaction (Badische, G.P. 134401). 

Preparation. — ^)S-Napthol is stirred as rapidly as 
possible into twice its weight of sulphuric acid, 
at 50° until dissolved in about 15 minutes (Bayer, 
G.P. 18027; 20397), or at a temperature not 
exceeding 20° over several days (Lconhardt, 
G.P. 33857). It is separated from the 6-8ul- 
phonic acid, produced at the same time, by 
neutrah'sation with calcium hydroxide, filtering 
hot from gypsum and concentrating the filtrate 
until the 6-suIphonate crystallises out, whereby 
80% of the 6-sulphonato is removed. The 
remainder may bo removed, after conversion to 
the sodium salt, cither by coupling mth the 
requisite amount of diazotised base and salting 
out the dj-e, or, in the laboratory, by extraction 
of the dried salt ■<vith 90% alcohol, in which the 
8-sulphonoto alone is apprcciablj' soluble. The 
product is obtained ns a solution in either case. 

Identification. — ^The acid is hydrolysed in hot 
aqueous solution giving ^-naphthol. It forms 
both normal and basic salts which arc much 
more soluble than the salts of the 0-sulphonic 
acid. The sodium salt forms six-sided scales, 
the basic disodinm salt, Na;A-»- 2 C;H 50 H, 
deliquescent needles from 9.>% alcohol, in which 
it dissolves very easily' at the boiling-point, but 
only sparingly (1 in 100) at 1.5°; the had salt, 
PbA2-f21HjO, forms rhombohedra. Unlike 
its isomers it’does not give a nitroso-compound. 

Reactions. — It couples with diazotised bases, 
but only very slowlj-, forming valuable azo-dyes. 
Warmed with dilute nitric acid it yields 1:6- 
dinitro - p • naphthol - S - sulphonic acid. On sul- 
phonntion with sulphuric acid below .50°, it gives 
fi-naphthol-OxS-disulphonic acid. By the bisul- 
phite method, or when heated with ammonia 
under pressure, it yields p-najdithylaminc-S-sul- 
phonic acid. Fused with caustic soda it yields 
l-.7-dihydroxynaphthahnc. 

jB-NArnxnoLDisuLrnoMo Acids. 

The technically important /5-naphtholdisuI- 
phonic acids are the 3:0-(R-acid) and 6:8-(G- 
acid) isomers. 

(i) j3-NaphthoI-l:4-disulphonic Acid is 
described (Goigy, B.P. 485971) as being formed 
by heating an aqueous solution or suspension 
of l:2-aminonnphthol-4-Bulphonio acid with 
sodium sulphite in presence of copper, zinc, 
aluminium or their salts. The reaction is 
general with l:2-aminonaphtholsulphonic acids. 
It is also formed in high yield, when sodium 1- 
diazo-2-naphthol-4-8ulphonnto in aqueous solu- 
tion interacts with 1 mol. of sodium sulphite 
and the resulting orange solution is heated 
(Krebser and Vannotti, Holv. Chim. Acta, 1938, 
21, 1222). Tho disodium salt, 3H;0, forms thin 
needles ; dipotassium salt six-sided prisms. Tho 
1-sulphonic group is readily removed by 
hydrolysis. Tho 6-nifro-compound is known 
{ibid.). 

(ii) )S - Naphthol - 1:5 - disulphonic Acid 
{sulphonyl chloride, m.p. 177°) is formed by tho 
interaction of chlorosulphonic acid and j3- 
naphthol-6-sulphonic acid (Poliak, Gebauer- 
Fulnegg e< al., Monatsh. 1929, 53-54, 83). 

(iii) Naphthol - 1:6- disulphonic Acid 
is obtained in 90% yield by sulphonation of /S- 
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naphthol-6-sulplionic acid with 40% oleum at 
26°; at higher temperatures the 2:6- and 6:8- 
disulphonic acids predominate (Schtsoherbats- 
chev, J. Appl. Chem. Russ. 1935, 8, 1216; B. 
1936, 181); also from naphthalene-l: 2 -dia 20 - 
-oxide-6-sulphonio acid (Krebser and Vanotti, 
Z.c.) ; the ethyl ether has been obtained by sul- 
phonating )S-ethoxynaphthalene or its 6-sul- 
phonyl chloride in chloroform solution with 
chlorosulphonic acid (Lapworth, Proo. C.S. 1895, 
11, 61). 

Identification. — ^The normal potassium salt, 
KjA-hHjO, crystallises in slender prisms; the 
sodium salt, NajA-t-SHgO, in elongated flakes 
(Engel, J. Amer. Chem. Soc. 1930, 52, 2836). 

(iv) j8- Naphthol - 1:7- disulphonic Acid 
obtained, either from sodium j3-naphthol-7- 
sulphonate by sulphonation in the cold with 
chlorosulphonic acid (Dressel and Kothe, Ber. 
1894, 27, 1206), or from j3-naphthylamine-l:7- 
disulphonic acid by the diazo-reaction. 

Identification. — The barium salt forms spar- 
ingly soluble needles ; the potassium salt, 
KjA-plJHgO, moderately soluble prisms; the 
sodium salt, very soluble needles. In alkaline 
solution the salts give a pale blue fluorescence. 
It does not couple with diazotised bases. 

Beactions. — Boiled with 10% hydrochloric 
acid, it is hydrolysed to ^-naphthol-l -sulphonic 
acid. Digested with 25% ammonia at 180- 
200°, or by the bisulphite reaction, it yields 
P-naphthylamine-l:T -disulphonic acid, 

(v) )3-Naphthol-3:6-disulphonic Acid (R- 
acid) is a product of sulphonation of )3-naphthol 
with three to four times its weight of sulphuric 
acid, the amount formed depending on the 
temperature and duration of the treatment (c/. 
Vorontzov and Sokolova, Anilinokras. Prom. 
1935, 5, 334; B. 1936, 440). 

Preparation. — ^Finely powdered j3-naphthol is 
stirred with four times its weight of srdphuric 
acid, without cooling, and the product heated 
at 120°, with continuous stirring, until a sample, 
on addition of sodium nitrite in excess, no longer 
gives a red coloration (Beyer and Kegel, G.P. 
33916; B.P. 7097, 1884). The R-acid is 
separated, as sodium salt, by pouring the sul- 
phonation mass into brine, the 6:8-disulphonic 
acid, formed as by-product, remains in solution 
(Nat. Anihne and Chemical Co., U.S.P. 1880442). 
Alternatively, the solution in water is neutrahsed 
with lime and the sparingly soluble sodium- 
calcium salt precipitated by addition of caustic 
soda (Calco. Chemical Co. Inc., U.S.P. 1701269). 
Selective crystallisation from aqueous alcohol 
has also been used for the separation of the 3:6- 
from the 6:8-disulphonio acid (Kawaguchi, 
J. Chem. Ind. Japan, 1923, 6, 1233 ; B. 1924, 
604). 

Identification . — ^The acid forms silky, deliques- 
cent needles, very soluble in water or alcohol; 
the barium salt, BaA-f BHgO, needles, soluble in 
12 parts boiling water, but insoluble in alcohol ; 
the sodium salt, aggregates of minute needles 
readily soluble in cold water, but only sparingly 
soluble in alcohol or brine. In aqueous solution 
the salts show a bluish-green fluorescence. The 
readily soluble aluminium salt has been used as 
an antiseptic and astringent, “ Alumnol.” 

Beactions. — ^It couples readily with diazotised 


bases and is an important component of azo- 
dyes. With nitrous acid the 1-nitroso derivative 
is formed. On sulphonation with 20% oleum it 
gives p-naphthol-3:6:8-trisulphonic acid. With 
sodium sulphite in presence of manganese per- 
oxide, it forms p-naphthol-l:S:6-trisulphonic acid. 
It is not readily hydrolysed, but with 20% sul^ 
phuric acid at high temperature it gives JS- 
naphthol-6-sulphonic acid (Friedlander and 
Lucht, Ber. 1893, 26, 3029). 

By the bisulphite reaction, or when heated 
with ammonia under pressure, it yields p. 
naphthylamine-3:6-disulphonic acid. Fused with 
caustic soda at 220-240°, it gives 2-.3-dihydroxy- 
naphthalene-6-sulphonic acid. It is readily mono- 
brominated by bromine water and this reaction 
may be used as the basis of a method of esti- 
mation in presence of the 6:8-disulphonic acid 
(Forrester and Bain, J.S.C.I. 1930, 49, 410t). 
Condensed with Michler’s hydrol followed by 
oxidation it forms a valuable green acid wool dye. 

(vi) j3-Naphthol-3:7-disulphonic Acid is 
formed when sodium j8-naphthol-7-sulphonate 
(1 part) is heated with sulphuric acid (2 parts) 
at 120® for about 12 hours, or with 3-4 parts of 
the acid on a water bath (Dressel and Kothe, 
Ber. 1894, 27, 1206). It can also be obtained by 
partial hydrolysis of j3-naphthol-l:3:7-tri8ul- 
phonic acid with 10% hydrochloric acid. 

Identification. — The noimal barium salt, 
BaA-}- 2 JH 20 , forms small prisms soluble in 
186 parts boiling water ; the sodium salt, Na^A, 
is soluble in 100 parts of 80% alcohol and very 
soluble in water, the solution showing green 
fluorescence (Weinberg, ibid. 1887, 20, 2911). 

Beactions. — It couples with diazotised bases 
forming azo-dyes. On sulphonation with 26% 
oleum at 80-90° it yields p-naphthol-l:2:T-trisul- 
phonic acid. With 20% sulphuric acid at a high 
temperature it is hydrolysed to P-naphthol-T- 
sulphonic acid. By the bisulphite reaction or 
with 26% ammonia at 200° it yields P-naphthyl- 
amine-3:T -disulphonic acid. Fused with caustic 
soda it yields 2\T-dihydroxynaphthalene-3-sul- 
phonic acid. 

(vii) )3- Naphthol - 4:7- disulphonic Acid 
has been prepared by boiling diazotised p- 
naphthylamine-4:7-disulphonic acid with water. 
Heated with anfline and aniline hydrochloride 
at 160-170° it yields l:3-dianilinonaphthalene-6- 
sulphonic acid (Bayer, G.P. 77866 ; B.P. 
16780, 1893). 

(viii) )3- Naphthol - 4:8- disulphonic Acid 
has been obtained from ;8-naphthylamine-4:8- 
disulphonic acid by the diazo-reaction. The 
calcium salt forms prisms. A solution of the 
sodium salt shows a blue fluorescence. 

Beactions. — ^In concentrated solution it couples 
with' diazotised bases to form azo-dyes. On 
desulphonation ■with zinc dust and boiling dilute 
caustic soda, it yields both p-naphthol-i- and -8- 
sulphonic acids (KaUe, G.P 233934). Digested 
with aniline and anfline hydrochloride at 150- 
170°, it yields l:3-dianilinonaphthalene-6-sul- 
phonic acid. 

(ix) j8-Naphthol-6:7-disulphonic Acid is 
reported to have been prepared from the corre- 
sponding )5-naphthylamine-6:7-disulphonic acid 
by the bisulphite method (Bucherer, J. pr, 
Chem. 1904, [ii], 70. 347). 
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(x) ^-Naphthol-6:8-disulphonic Acid (6- 
acid) has been prepared from /5-naphthylamine- 
6:8-disulphoiiic acid by the diazo-reaction, or by 
sulphonation of j5-naphthol-8-sulphonic acid. It 
is also a product of sulphonation of jS-naphthol 
at a moderate temperature. 

Preparation. — ^Finely powdered ^-naphthol is 
added slowly to three times its weight of mono- 
hydrate, while the temperature is kept below 
36° by cooling. The mixture is stirred at 36° 
for some hours until a test shows complete solu- 
bility in water. It is then poured into a 
relatively small quantity of water, converted to 
the calcium salt, using lime, and thence to the 
potassium salt, which crystallises in presence of 
mineral acid from the more soluble R-salt. The 
yield is about 66% of the theoretical. The 
R-salt may also bo separated by selective 
coupling with a diazo-compound and salting out 
as the azo-dye ; the G-acid remains in solution 
(see Vorontzov and Sokolova, Anilinolcras. Prom. 
1935, 5, 334 ; B. 1936, 440 for the conditions of 
sulphonation, and blasters, B.P. 210120 for 
method of isolation). 

Identification. — ^With the notable exception of 
the potassium salt which dissolves in 2-3 parts 
boiling water and is of relatively low solubUity 
in cold water, and of the ammonium salt, the 
salts of pure G-acid are much more soluble in 
water than the corresponding salts of R or 
Schaffer acids. 

Reaetions. — ^It couples only slowly and in con- 
centrated solution with diazotised bases, but it 
forms valuable azo-dyes. Sulphonated with 
20% oleum it yields p-naphtlioU2i6:9-trisi(lphonic 
acid. It is not readily hydrolysed by boiling 
dilute mineral acids, but at higher temperatures, 
or with sodium amalgam in the cold, it gives ^- 
naphthol-6-sulphonic acid. By the bisulphite 
method, or with ammonia imder pressure, 
it gives p-naphthylamine-6:8-dimilphonic acid. 
Fused with caustic soda at 200-230° it gives 
l:T-dikpdroxynaphthalene-3-sulphonic acid; and 
at 260-320°, hydraxyloluic acid (Hochst, G.P. 
81333). It is not so readily brominated as R- 
acid (Forrester and Bain, J.S.C.1. 1930, 49, 410x). 

jS-Naphtholteisulphonio Aorns. 

(i) ]3-Naphthol-l:3:7-trisulphonic Acid is 
prepared by sulphonating either ^-naphthol-7- 
sulphonic acid or )?-naphthol-3:7-disulphonic 
acid with 26% oleum at 80-90° (Dressel and 
Kothe, Ber. 1894, 27, 1207). 

Identification. — ^The barium salt is easily 
soluble; the sodium salt, NagA, is very soluble 
in water, but only sparingly so in alcohol, gives 
ivith ferric chloride a violet coloration and, in 
alkaline solution, shows a bluish-green fluores- 
cence. It does not couple with diazotised bases. 

Reactions. — By sulphonation with 40% oleum 
at 120-130° it is converted into ^-naphthol- 
l:3:6:7-tetrasulphonic acid. Boiled with 10% 
nmeral acid it is hydrolysed to )3-naphthol-3:7- 
disulphonic acid. Digested with 26% ammonia 
at 190° it gives )3-naphthylamine-l:3:7-tri8ul- 
phonic acid. 

(ii) fl-Naphthol-3:6:7-trisulphonic Acid 
has been obtained from ;S-naphthylamine-3:6:7. 
trisulphonic acid by the diazo-reaction. It 


couples with diazotised bases forming azo-dyes 
(Dressel and Kothe, l.c.). 

(iii) j3-Naphthol-3:6:7-trisulphonic Acid 
has been prepared from )3-naphthol-l:3:6:7-tetra- 
sulphonio acid by Hydrolysis with water or 
dUuto mineral acid ; and from /5-naphthylamino- 
3:6:7-trisulphonic acid by the dinzo-reaction 
(Dressel and Kothe, ibid. 1894, 27, 1209). 

Identification. — The barium salt is gelatinous 
the sodium salt. Nag A, needles, is less soluble 
than its isomers in water, brine, or alcohol, 
gives a violet coloration ■with ferric chloride, and 
shows, in allcalino solution, a bluish-green 
fluorescence. 

Reactions. — ^It couples, in alkaline solution, 
■with diazotised bases forming azo-dyes. In 
neutral or acid solution it forms salts ■with tetra- 
azo derivatives of the diphenyl series (Bayer, 
G.P. 92169; B.P. 8995, 1895). Heated with 
26% ammonia, it yields ^-naphthylaminc-^'.Qdl- 
\ trisulphonic acid. It is not hydrolysed by dilute 
acids. Fused with 66% caustic soda at 220- 
300°, it yields the 2i7-dihijdroxtjnaphthaIcnc- 
3‘.6-dis7tlphojiic acid. 

(iv) j5-NaphthoU3:6:8-trisulphonic Acid 
is prepared by sulphonation of ^-naphthol. 
Nietzki (Chcm.-Ztg. 1891, 15, 296) heated 
/3-naphthol ■aith 40% oleum at 90-120°. If the 
sulphonation mass is poured on to three times 
its weight of ice, a crj’stallino powder, probably 
the 2:3-anhydrido or sultono, is precipitated, 
which in solution sho^ws no fluorescence and 
gives no colour with ferric chloride. With 
alkalis, it yields the trisulphonato and tins gives 
a violet coloration "with ferric chloride and a 
yollowish-grccn fluorescence in alkaline solution. 
Lo^^dnstein (B.P. 706, 1883) stirred ^-naphthol 
into three times its weight of monohydrato, 
added an equal weight of 40% oleum at 125° 
for 2 hours, and then treated ■vrith brine to 
separate the sodium salt. /5-Nnphthol-6-, or 
8-mono-, or 3:6- or 0:8-di-8ulphonio acids may 
bo used in place of j?-nnphthol (Levinstein, Ber. 
1883, 16, 462). The acUml amount of the 
3:6:8-triBulphonic acid formed probably depends 
on the time of sulphonaton, rising at 130° to a 
maximum of 60-60% of that calculated 
(Vorontzov and Sokolova, Prom. Org. Chim. 
1937, 8, 289 ; B. 1937, 1018). 

Reactions. — It couples vrith diazotised bases 
forming azo-dyes. It can bo dcsulphonated by 
sodium amalgam in the cold giving ^-napWtol- 
O’.S-disidphonic acid (Bayer, G.P. 256724 ; B.P. 
28172, 1911). Heated ■with ammonia at 200- 
260° it yields P-naphthfjlaminc-3i6:8-trisulphon{c 
acid. I^ed with caustic soda at 220-230° it 
gives a mixture of hl-dihydroxynaphthalenc- 
3:6- and 2:3-dihydroxynaphthalc7ic-Q\8-disul- 
phonic acids. 

jS-NAPHTnOLTETEASnUHONIO AoiD. 

^-Naphthol-l:3:6:7-tetrasulphonic Acid 
is obtained by the sulphonation of j8-naphthol- 
7-sulphonic, or 3:7-diBu]phonic, or l:3:7-trisul- 
phonio acid ■with 40% oleum at 120-130°, but 
the product rmdergoos desulphonation unless 
care is taken to prevent the solution of the mass 
in water, while still acid, from becoming hot 
(Bayer, B.P. 17141, 1893 ; Dressel and Kothe, 
Ber. 1894, 27, 1208). 
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Identification . — ^The barium salt is a very 
sparingly soluble, sandy povder; tbe sodium 
salt, Na 4 A, is easily soluble in vater, but in- 
soluble in alcohol, and in alhaline solution shows 
a bluish-green fluorescence. It does not couple 
■with diazotised bases. 

Reactions. — ^Digested -with 26% ammonia solu- 
tion at 180°, it gives p.napJiihylamine-l:3:6:I- 
tetrasulpTionic acid. Boiled ■with dilute mineral 
acids it yields fi-'naphthol-3-.%'.1-irimlph.onic acid. 

Hai.ogeno-/S-naphthols. 

The course of the halogenation of ^-naphthol 
presents some interesting features, in that the 
reaction is not simply one of substitution in the 
nucleus but is accompanied by the formation 
of derivatives of naphthaquinone and additive 
compoimds ; fmther, there are important 
differences beWeen the courses of chlorination 
and bromination. The action of chlorine in 
acetic acid, or of hypochlorite in aqueous alkaline 
solution, on jS-naphthol gives l-chloro-j3- 
naphthol. Further action of chlorine in acetic 
acid-sodium acetate solution gives l:l-dichloro- 
2-keto-\-.2-dihydroTMphtTialene yello^w, m.p. 54°, 
■which is readily reduced to 1-chlorofi-naphthol 
and is converted by hydrochloric acid into 1:4- 
dichloro-p-napbthol. Father action of chlorine 
gives, by addition of chlorine, l:l;3;4-fefra- 
cMoro-2-keto-lt2:3-.4:-tetrahydronap7ithalene, m.p. 
102-103° {hydrate, m.p. 90-91°) from which 1:3- 
dicMorofi-naphthol can be prepared. 1:4-I)i- 
chloro-^-naphthol is reduced ■with some difficulty 
to i-chlorofi-mphthol {cf. Zincke, ibid. 1888, 
21, 3387, 3552 ; Armstrong and Bossiter, Proc. 
C.S. 1891, 7, 32; Fries and Schimmelschmidt, 
Annalen, 1930, 484, 295). 

The bromination of yS-naphthol was studied 
by Armstrong and Bossiter (Proc. C.S. 1889, 5, 
71 ; 1891, 7, 33, 87), Franzen and Stauble (J. pr. 
Chem. 1921, [ii], 103, 369), Fries and Engel 
(Annalen, 1924, 439, 232) and Fries and Schim- 
melschmidt (l.c.). The first product of bromina- 
tion, e.g., in acetic acid, is l-bromofi-naphthol, 
m.p. 82-83°, followed by l:G-dibromofi-naphthol, 
m.p. 106°, then a tri- and a tetra-bromo-j?- 
naphthol. The tribromo-compound was for 
long considered to be 1:3:6- until Fries and 
Schimmelschmidt {l.c.) advanced e^vidence to 
show that it is hi-.G-tribromofi-naphthol, m.p. 
157-158° ; the tetrabromo-compound is 1:3:4:6- 
tetrabromo-P-naphthol. In all these compounds, 
the bromine in the 1-position is readily removed 
by reduction, both in acid and alkaHne media 
{cf. I.G., B.P. 380563 ; 381947, 1931), and thus 
are prepared 6-bromofi-naphthal, m.p. 129-130°, 
and 4:6-dibromo-)S-naphthol, m.p. 134-135°. 
The bromination of j8-naphthol-3-carboxylic 
acid follows a similar course, and 6-bromo-^- 
naphthol-3-carboxylic acid has been employed 
for preparing 6-aniino derivatives for use as 
azo-dye intermediates. Fries and Engel have 
shown that an ■unstable l:l-dt6romo-2-fceto-l;2- 
dihydronaphthalene can be isolated, but this 
gives l:6-dibromofi-naphthol on treatment ■with 
hydrobromic acid, not the l:4-compound. Fries 
and Schimmelschmidt also prepared 1:3:6- 
tribromofi-naphthol, m.p. 132°, and d-bromo- 
P-naphthol, m.p. 122°. 

(i) l-Chloro-)3-naphthol is obtained by 


chlorinating )S-naphthol in acetic acid solution 
(Cleve, Ber. 1888, 21, 895 ; Fries and Schimmel- 
Schmidt, l.c.) I or, better, by action of hypo- 
chlorous acid in molecular proportion on p. 
naphthol in alkaline solution (KaUe, 6.P. 
168824). It is also a by-product of the action 
of ferric chloride on /S-naphthol (Joffe, Anflino- 
Icras. Prom. 1935, 5, 326). It forms monoclinic 
crystals, m.p. 70-71°. 

Reactions. — ^The halogen is reactive. It is 
eliminated by alkali sulphite, by diazonium 
compounds, or by zinc dust in presence of copper 
(Wahl and Lantz, Bull. Soc. chim. 1923, [iv], 
33, 93; B.P. 182084 ; I.G., G.P. 431165). By 
interaction 'with amines or diamines, l-aryl- 
amino-j8-naphthols are formed ; thus, 1-anilino- 
p-naphthol, m.p. 153-164°, is produced from 
aniline (Wahl and Lantz, Compt. rend. 1932, 
194, 464). With silver nitrate only a poor yield 
of l-nitrofi-naphthol is obtained, but ■with 
sodium sulphide, that of di-2-kydroxy-l-naphthy]- 
sulphide is quantitative (Bingeissen, ibid. 1934, 
198, 2180). 

(ii) 3-Chloro-;8-naphthol has been ob- 
tained, m.p. 93°, by reducing l:3-dichloro-^- 
naphthol with zinc dust in alcohol solution 
(I.G., G.P. 431165) and, m.p. 90°, from the 1- 
diazo-oxide (Marschalk, BuU. Soc. chim. 1928, 
[iv], 43, 1363). A very different m.p., 63-64-6°, 
is given by Jambuserwala, Holt, and Mason, 
who prepared it from 3-amino-2-naphthyi 
methyl ether ■via 3-chloro-2-naphthyl methyl 
ether, m.p. 78-5 (J.C.S. 1931, 374). According 
to Marschalk (Bull. Soc. chim. 1929, [iv], 45 
651), when heated ■with dilute sodium sulphite it 
gives p-naphthol and P-naphthol-d-sulphonic acid. 

(iii) 4-Chloro-^-naphthoI has been ob- 
obtained by reducing l:4-dichloro-)?-naphthol 
{supra) and by Hodgson and BirtweH (J.C.S. 
1943, 468) from 4-chloronaphthalene-l:2-diazo- 
oxide. It has m.p. 100° {methyl ether, m.p. 
44—45°) and its sodium salt is sparingly soluble 
in dilute aqueous sodium hydroxide. Its 
coupling ■with diazo-compoxmds has been 
described (I.G., G.P. 459989). 

(iv) 5-Chloro-)S-naphthol has m.p. 128° 
(Cla'us, J. pr. Chem. 1889, [ii], 39, 317). 

(v) 6-Chloro-^-naphthol, m.p. 115°, was 
obtained by BuggU et al. (Helv. Chim. Acta, 
1929, 12, 1048) from 6-amino-)8-naphthol-4- 
sidphonic acid. It is best obtained pure by 
crystallisation from water. The -m-nitrobenzoate 
has m.p. 146-147°. It has also been obtained 
by reducing l:6-dichloro-)S-naphthol (I.G., G.P. 
431165). 

(■vi) 7- Ch loro- )S- naphthol, m.p. 126-5° 
{acetate, m.p. 104-5°) has been prepared from 
7-hydrazino-)S-naphthol (Franzen and Deibel, 
J. pr. Chem. 1908, [ii], 78, 154). 

(■vii) 8-Chloro-^-naphthol has m.p. 101° 
{m-nitrobenzoate, m.p. 176°) (Buggli et al., l.c.). 

(■viii) l:3-Dichloro-)S-naphthol has been 
obtained by reduction of l;l:3-tTicbloxo-2-keto- 
l:2-dihydronaphthalene -with stannous chloride 
(Zincke, Ber. 1888, 21, 3544). It forms needles, 
m.p. 81°. Its acetyl derivative has m.p. 79-80°. 
Heated -with dilute potassium sulphite solution 
under pressure it yields 3-chloro-p-naphthol-\- 
sulphonic acid ; but -with 10% solution at 170° 
it yields P-naphthol-1- and i-sulphonic acids and 
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a little ^-naphlhol (Marschalk, Bull. Soo. chim. 
1929, [iv], 45, 651). 

(is) l:4-DichIoro-/?-naphthol, ni.p. 123- 
124°, is obtained from l;l-dichloro-2-keto-l;2- 
dihydronapbthalene by treatment uitli hydrogen 
chloride in acetic acid (Fries and Schimmel- 
sohmidt, l.c.). 

(x) l-Chloro-6-bromo-^-naphthol, m.p. 
105°, is obtained from l:l-dichloro-2-keto-l:2- 
dihydronaphthalene by treatment -^rith hydrogen 
bromide in acetic acid. 


Nitboso-j8-naphthols (see Naphthoquinone- 
oximes, p. 385a). 

Niteo-)3-naphthoi.s. 

(i) l-Nitr6-/S-naphthoi is obtained, in good 
yield, by nitrating )3-naphthol at 35° in presence 
of mercuric nitrate. It may be prepared by 
hj'drolysis of l-nitro-2-acct-^-naphthalido with 
boiling aqueous caustic soda (Organic Syntheses, 
1933, XIII, 78), or by oxidation of 1-nitroso- 
p-naphthol with dilute nitric acid, or from a- 
nitronaphthalene by heating at 50-60° uith 
twenty times its weight of powdered caustic 
soda (Wohl and Aue, Ber. 1901, 34, 2444). Its 
ethyl dher, m.p. 104-105°, is obtained by action 
of nitrogen peroxide on ^-naphthjd ethyl ether, 
in acetic acid. It forms yellow needles, m.p. 
103° ; its sodium salt, red needles ; its acetate, 
coloxnless needles, m.p. 61° (Bottcher, ibid. 
1883, 16, 1938). 

(ii) 4- Nitro - naphthol, obtained from 
2:4-dmitro-a-naphthylamme by heating the 
derived l-diazo-2-oxide with powdered alumin- 
ium and alcohol, forms yellow needles, m.p. 
120°, is much less easily alkylated than /S- 
naphthol and couples more slowly with diazo- 
tised bases (Morgan and British Dyestuffs Corp., 
Ltd., B.P. 152437). 

(iii) 5-Nitro-j9*naphthol is prepared from 
5-nitro-|3-naphthylamino by the diazo-rcaction. 
The ra-nitrobenzenesulphonatc, m.p. 160°, is a 
product of nitration of /S-naphthyl w-nitro- 
benzenesulphonate (Bell, J.C.S. 1932, 2732). It 
crystallises from water in yellow needles, m.p. 
147°. The salts are reddish-yellow and easily 
soluble; the ethyl ether forms yellow needles, 
m.p. 115° (Frie^ander and Szymanski, Ber. 
1892, 25, 2079). 

(iv) 6-Nitro-j9-naphthol has been obtained 
by heating 6-nitro-^-naphthyl ethyl ether -with a 
mi^ure of concentrated sulphuric and acetic 
acids. It forms yellow needles, m.p. 156-158° 
(Gaess, J. pr. Chem. 1892, [ii], 45, 616 ; 46, 160). 

(y) 8-Nitro-^-naphthol is obtained from 
o^tro^^-naphthylamine by the diazo-reaction 
(Ifriedlander and Szymansid, l.c.). The m- 
nitrobenzenesu^honate, m.p. 144-140°, is a pro- 
duct of nitration of j3-naphthyl 7a-nitrobenzono- 
sulphonate (BeU, l.c.). It forms deep yellow 
needles, m.p. 144^145°. The ethyl ether, pre- 
pared by nitration of ^-ethoxynaphthalene 
onus long golden-yellow needles, m.p. 72-73° 
(Gaess, ibid. 1891, [ii], 43, 25), and the acetate, 
needles, m.p. 101-102 {idem, ibid. 1892, [ii], 45, 


DrUTTEO-jS-KATHTHOLS. 

(i) l:5-Dinitro-)3-naphthol, yellow needles, 
m.p. 187° (decomp.), is obtained by hy^olysis 
of the «i-nitrobenzenesulphonato, which is itself 
a product of nitration of ^-naphthyl 7n-nitro- 
benzenesulphonato with fuming nitric acid in 
acetic acid (Bell, J.C.S. 1933, 286). 

(ii) l;6-Dinitro-)3-naphthol is obtained by 
nitration of jS-naphthol in acetic acid (Boll, 
ibid. 1932, 2732). 

Properties . — ^Yellow needles, m.p. 195° ; the 
potassium salt, KA-1-2H„0, sparingly soluble 
needles; the ethyl ether,' yellow needles, m.p. 
144°, maj’^ be obtained as a product of nitration 
of )5-naphthyl ethyl ether at low temperature 
(Ryan and Keane, Sci. Proc. Roy. Dublin Soc. 
1924, 17, 297). It d3'es wool and silk 5mllow. 
Heated with alcoholic ammonia at 150-160° 
it jnclds l-.G-dinilro-P-naphthylaminc (Kchrmann 
and Mnti-s, Ber. 1898, 31, 2419). Tlio 8-s«i- 
phonic acid (Oroccin Yellow) is produced by 
warming sodium j3-nnphtIiol-8-sulphonato with 
dilute nitric acid at 30-10° until nitration is 
complcto (Nietzki and Ziibelen, ibid. 1889, 22, 
454). The potassium salt, KA, forms j'cliow 
needles, and the basic potassium .^nlt, KjA, 
sparingly’ soluble 3’cllow needles. It d3'C3 wool 
3*cllow but has little tinctorial power. 

(hi) l:S-Dinitro-/?-naphthol, golden scales, 
m.p. 195°, is obtained from the ?»i-nitrobQnzonc- 
sulphonato bv decomposition with piperidine 
(Bell, J.C.S. 1933, 286). 

(iv) 4:5- Dinitro-)?- naphthol, orangc-red 
needles, m.p. 230° (approx.) is obtained similarly 
(Bell, l.c.). 


AMINONAPHTHOI^. 

All fourteen possible aminonaphthols have 
been prepared. The method of preparation 
usually affords evidence of their structure. The 
normal methods of preparation arc : 

1. Reduction of the corresponding nitro-, 

nitroso, or azo derivatives of a- or /3- 
naphthol ; 

2. Fusion of a- or j3-naphth3’laminemonosul- 

phonic acids with caustic alkali, a- 
nnphth3'lnniirio-4-sulphonic acid being 
an exception, ns it gives a-naphthol-4- 
Bulphonic acid under these conditions ; 

3. Fusion of naphtholmonosulphonic acids 

Avith sodamidc, whorcb3' tho sulphonic 
group is eliminated and an amino-group 
introduced, not nocossaril3' in tho same 
position. 

4. Reaction of dihydrox3’nnphthaloncs with 

ammonia or. with ammonium sulphite 
and ammonia. 

Of these, tho sodamido reaction, although tho 
only method for tho direct conversion of 
naphtholmonosulphonic acids into aminonaph- 
thols, is of limited application. Tho solo 
examples are tho conversion of o-naphthol-6- and 
8-sulphonic acids into the corresponding ainino- 
naphthols. But a- and )3-naphthols are thcin- 
selvos converted by fusion with sodamido into 
tho corresponding 6-aminonaphthol. ^-Naph- 
thol-6- and -8-sulphonic acids give firat 
naphthol and then 5-amino-2-uaphthol. p. 
Naphthol-7-sulphonic acid gives both 7- and 
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5-ammo-2-naplithol (Sachs, Ber. 1906, 39, 
3010). 

The aminonaphthok are amphoteric. In 
presence of water they are readily oxidised by 
air. Oiose with 1:2- and l:4-suhstitution form 
naphthaquinones on oxidation with ferric 
chloride, chromic acid, or nitrous acid in acid 
solution. 

The amides obtained by condensation, chiefly 
of l-amino-7-naphthol, with aroyl chlorides are 
described as useful for pretreatment of cotton 
fibres which may subsequently be coloured by 
development with diazotised bases (Bayer, 6.P. 
233117; 274081; 276331; Badische, G.P. 283742; 
284997; 296991; 297414; B.P. 3796, 1914; 
13455, 1914; 8058, 1915). 

(i) l-Amino-2-naphthol is obtained by re- 
duction of 1-nitroso- or 1-nitro-^-naphthol 
(Zincke, Annalen, 1892, 268, 273). Sodium sul- 
phite is the best reagent for reducing l-nitro-)3- 
naphthol (Organic Syntheses, Vol. XI, p. 8). 
It may also be obtained from azo derivatives of 
jS-naphthol, such as Orange II by reduction with 
sodium hydrosulphite (Grandmougin, Ber. 1906, 
39, 2495) or with hydrogen under pressure at 
180-200° in presence of nickel carbonate 
(TetraJin, G.m.b.H., G.P. 406064). 

l-Aiylamino-2-naphthols are obtained from 
l-chloro-)S-naphthol by reaction with primary 
amines (Wahl and Lantz, BuU. Soc. ehim. 1923, 
[iv], 33, 93; G.P. 365367; B.P. 182084). 1- 
Amino-2-methoxy- and -2-ethoxy-naphthalenes 
are obtained from the corresponding 1-chloro 
derivative by heating with ammonia in presence 
of copper or zinc chloride (Gesellsch., B.P. 
376667). 

Properties. — It forms scales, sparingly soluble 
in boiling water. The alkaline solution rapidly 
turns brown in air. The hydrochloride, B,HCI, 
forms needles (Jacobsen, Ber. 1881, 14, 806); 
H-acelyl derivative, scales m.p. 235° (Jlichel 
and Grandmougin, ibid. 1892, 25, 3433) ; diacetyl 
derivative, m.p. 116° ; dibenzoyl derivative, 
sUky needles, m.p. 235-5° (Sachs, ibid. 1906, 39, 
3024) ; the ethyl ether, prisms, m.p. 51°, b.p. 
300-302° (Gesellsch., l.c.). 

Reactions. — ^It couples, in acetic acid solution, 
with diazotised bases forming azo-dyes. It is 
not diazotised by nitrous acid in presence of 
m i neral acids, hut in neutral solution, in presence 
of copper salts, naphthahne-l-diazo-2-oxide is 
formed. Ferric chloride, or other acid oxidising 
agent, converts it into [fi-]naphthaquino7te. In 
presence of aniline, in alkaline solution, it (or its 
4-sulphonic acid) is converted by action of air 
mtQ2-hydroxy-la-}naphthaquinone-l-imine-4:-anil 
(Wahl and Lantz, Compt. rend. 1926, 182, 976 ; 
B.P. 246482), whereas its N -phenyl derivative 
gives, on oxidation, [P-^naphthaquinone-l-anil 
{idem, Compt. rend. 1925, 180, 1351 ; B.P. 
191064). It forms mono- and di-ammonia 
additive compounds (Briner and Kiihn, Helv. 
Chim. Acta, 1929, 12, 106). 

(ii) l-Amino-3-naphthol is obtained by 
fusing a-naphthylamine-3-stdphonic acid wifi 
caustic potash at 250-260° (Friedlander, Ber. 
1895, 28, 1952), or from 4-nitro-^-naphthol by 
reduction with tin and hydrochloric acid (Morgan 
and Evens, J.C.S. 1919, 115, 1133). 

Properties. — It forms needles, decomposing 


at 185°, is sparingly soluble in water and gives a 
violet-brown colour with ferric chloride. Its 
salts are easily soluble in water. The N-acelyl 
derivative, m.p. 179°. forms needles; the 
dibenzoyl derivative, m.p. 309-310°, scales 
(Sachs, Ber. 1906, 39, 3024). 

Reactions. — ^It couples readily with diazotised 
bases. With nitrous acid it gives an unstable 
diazo'compound. Boiled with very dilute 
mineral acid it is slowly converted into 1:3. 
dihydroxynaphthalene. Heated with aqueous 
ammonia it gives l:3-diaminonaphthalene. With 
monohydrate at room temperature it gives 1- 
amino-3-naphthol-i-sulphonic add. 

(iii) l-Amino-4-naphthol may be prepared 
from 4-nitro- or 4-nitroso-a-naphthol, or from 
4-azo derivatives of a-naphthol by reduction 
with stannous chloride and hydrochloric acid 
(Grandmougin and Michel, Ber. 1892, 25, 976 ; 
Seidel, ibid. 1892, 25, 423 ; Russig, J. pr. Chem. 
1900, [ii], 62, 30). It is also formed by elimina- 
tion of carbon dioxide when 4-amino-a-naphthol- 
2-carboxylic acid is heated at 230° (Nietzki and 
Guitermann, Ber. 1887, 20, 1276). 

Properties. — ^It forms needles, very soluble in 
water which, when moist, rapidly turn blue in 
air. Its salts are very soluble in water. The 
H -formyl derivative, m.p. 168°, forms rosettes 
(Gaess, G.P. 149022) ; the N -acetyl derivative, 
m.p. 178° (Kehrmann and Kissine, Ber. 1914, 
47, 3098) ; the diacetyl derivative, m.p. 158°, 
prisms; the dibenzoyl derivative, m.p. 215°, 
rhombs (Sachs, ibid. 1906, 39, 3026); the N- 
dimethyl derivative, m.p. 113°, prisms ; the ethyl 
ether, m.p. 96°, needles (Heermann, J. pr. Chem. 
1892, [ii], 45, 645). 

Reactions. — Oxidising agents, including nitrous 
acid, convert it into [a^naphlhaquinone. It does 
not couple with diazotised bases. Its hydro- 
chloride, heated with methyl or ethyl alcohol at 
170-180°, gives the monoalkyl ether of l:4-di- 
hydroxynaphthalene. Sulphonated with 10% 
oleum at 30-40°, it gives l-amino-i-naphthol-3- 
sulphonic acid. 

l-Acetylamino-4:-naphthol is obtained by acety- 
lation of the hydrochloride in presence of sodium 
acetate (Witt and Dedichen, l^r. 1896, 29, 2948), 
or by the action of caustic soda solution on 
diacetyl-l-amino-i-naphthol (Kehrmann and Kis- 
sine, ibid. 1914, 47, 3097). It forms needles, 
m.p, 187° (178°), wWch are moderately soluble 
in warm water, and couples in alkaline solution 
with diazotised bases to form oriho-azo-djes. 
Oxidised in glacial acetic acid with sodium di- 
chromate or nitric acid it gives di-[a.-}napMha- 
qtdnone in good yield (Ullmann, Helv. Chim. 
Acta, 1926, 9, 442). The ethyl ether, m.p. 189°, 
forms needles almost insoluble in water, but 
soluble in 7-4 parts of boiling alcohol (Henriques, 
Ber. 1892, 25, 3060). 

(iv) l-Amino-6-naphthol may be obtained 
from a-naphthylamine-6-sulphonic acid by 
fusion with 60% caustic soda at 240-250° 
(Friedlander and Lagodzinski, J.S.C.I. 1897, 
16, 793) ; or from l:5-diaminonaphthalene, 
either by digestion under pressure with dilute 
mineral acids, or, in 80% yield, by the bisulphite 
method (Bucherer, J. pr. Chem. 1904, [ii], 69, 
84). It is also formed from a-naphthol or from 
a-naphthol-5-sulphonic acid by fusion with 
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sodamide in naphthalene at 190° or 230° respec- 
tively (Sachs, G.P. 173622; 181333; B.P. 

22412, 1905 ; Ber. 1906, 39, 3018). 

Properties. — ^It is comparatively stable in 
alkaline solution to air. The hydrochloride is 
crystalline ; the dibenzoyl derivative, m.p. 276° 
forms rhombic scales ; the derivative, 

m.p. 112°, hexagonal tables (Fussganger, ibid. 
1892, 25, 979). 

Eeactions. — ^It can bo diazotiacd, and it may 
be coupled, in acid or alkaline solution, with 
diazotised bases forming monoazo-d 3 ’’es. The 
azo-dye obtained by coupling it with diazotised 
a-naphthylamine-4-sulphonic acid is not red, 
as is the case with its isomers, but cornflower- 
blue in colour (Sachs, l.c.). Heated with 4% 
hydrochloric acid at 180° or by the bisidphito 
method, it forms l:5-dihydroxynaphthalcnc; 
heated with bisulphite, in presence of ammonia, 
it gives l:5-diaminonaphlhalcnc. Sulphonatcd 
in the cold it gives l-amino-5-naplithol-G-sul- 
phonic acid but with 23% oleum at 100°, a disid- 
phonic acid. 

(v) l-Amino-6-naphthot is formed by re- 
duction of 5-nitro-)?-naphthol. It may bo pre- 
pared in 68% yield by fusing a-naphthylnmine- 

6-sulphonic acid with caustic soda in an open 
vessel at 305° (Broum, Hebdcn, and Withrow, 
J. Amer. Chem. Soc. 1929, 51, 1766) or by inter- 
action of l-ammo-O-napIithol-4-suiphonic acid 
with sodium amalgam. It is also formed when 
j8-naphthol or its 0- or 8-sulphonio acid is heated 
at 230° with sodamide in naphthalene (Sachs, 
Ber. 1906, 39, 3010). 

Properties. — ^It crystallises in scales, ni.p. 
190-191° (180°), shows a blue fluorescence in 
ammoniacal solution, rapidlj' darkens, when 
moist, in air, and rrith ferric chloride gives a 
a dark blue coloration. The N-acriyZ derivative 
forms needles, m.p. 216 210°; the diacctyl 
derivative, m.p. 187°; the H-bcnzoyl derivative, 
needles, m.p. 152° ; the dibenzoyl derivative, 
needles, m.p. 223° ; the picralc, jmllow needles, 
m.p. 183° (Sachs, l.c.), 170° (Ilrown, Hebdcn, 
Withrow, l.c.). The hydrochloride forms dark 
red crystals [idem, ibid.).' 

Eeactions. — ^It can bo diazotised, and it 
couples, in acetic acid or in alkaUno solution, with 
diazotised bases (1 or 2 mol.) forming azo- dyes. 

(yi) l-Amino-7-naphthol is obtained from 
8-nitro-^-naphthol by reduction, or from a- 
naphthylamine-7-sulphonic acid by fusion with 
caustic soda in an open vessel at 305° {idem, ibid.). 

Properties. — It crystallises from water in 
needles, m.p. 206° (Kelirmann and Engolkc, 
tbid. 1909, 42, 351), gives a greenish-blue colora- 
tion with ferric chloride and, in acid or alkaline 
solution, shows blue fluorescence. A complete 
senes of N-acyl derivatives from the formyl to 
me nonadecanoyl has been prepared by Eiorz- 
Bavid and Kuster : the formyl derivative has 
m-p. 204°; acetyl m.p. 198° (decomp.; on 
wolated occasions samples with m.p. 107° harm 
been obtained) ; benzoyl 211° ; diacctyl 177° ; 
dibenzoyl 208°; ethyl ether, m.p. 07° (Holv. 
Clum. Acta, 1939, 22, 97). 

eactions.-— It can be diazotised and it couples 
acetic acid or in alkaline solution with 
issd bases (1 or 2 mol.) forming azo-dyes, 
with sulphuric acid at 20-30° it gives 1-amino- 


7- naphthol-(4:)-sulpho?iic acid and at 100° with 
20% oleum a disulphonic acid. Its methyl 
ether is claimed as a base suitable for coupling 
on the fibre with 2:3-hydroxynaphthoaryl- 
amides to give violet shades (I.G., B.P. 294291). 

(vii) l-Amino-8-naphthol may be prepared 
by fusing a-naphthylamine-S-sulphonio acid 
with caustic alkali at 230-240° (Badische, G.P. 
55404; 02289; Eichter and Gagour, Bor. 1906, 
39, 3331). It may bo obtained from l:8-di- 
aminonaphthalcnc by hydrolj'sis -with dilute 
acid at elevated temperature, or by the bisul- 
phite method ; and from l;8-diaminonnphtha- 
lene-4-sulphonic acid with 25% sulphuric acid 
at 136-140° imder pressure ; or from a-naphthol- 

8- sulphonic acid by fusion with sodamide in 
naphthalene at 230°. 

Properties. — It crystalUscs in needles, m.p. 
95-97°, sparingly soluble in cold water. Its sul- 
phate is sparingly soluble in hot water. The 
N-acriyZ derivative, needles, has m.p. 108-109° 
and couples with diazotised bases ; the diacctyl 
derivative, needles, m.p. 118-119°; H-bcnzoyl 
derivative, needles, m.p. 193-191°; the N- 
dimcthyl derivative, hc.vngonal tablets, m.p. 1 12°. 

Eeactions. — It maj' be diazotised in dilute solu- 
tion, but in concentrated solution, with excess 
of nitrite, it gives also S-amino.\fi-]naph(ha- 
quinoneoxime, green needles (Eichter and 
Gagour, l.c.). In alkaline solution it couples with 
diazotised basc.s.forniing nzo-dj’cs. The sulphite, 
1-aniino-S-naphthyl sulphite (Biichercr, J. pr. 
Chem. 1904, [ii], 69, 01), can also be diazotised 
and has been used for production of azo-dyes 
(Badische, G.P. 211381). With 75% sulphuric 
acid at 130-160° it gives l-aminO'S-naphthol-1- 
snlphonic acid; but with sulphuric acid at 
16-20° the chief product is the G'Siiljdionic acid, 
and at 100° sold}' the •disulphonic acid. 

(viii) 2-Amlno-l-naphthol is obtained by 
reducing 2-nitroso- or 2-nit ro-n-naphthol ; or 
from [j3-]naphthaquinonophcnj’lhj’drazono by 
reduction with sodium hydrosulphito (Grand- 
mongin, Ber. 1900, 89, 2490). It maj- also bo 
obtained by interaction of 2:l-nminonniihthol-3- 
or 6-sulphonic acids with sodium nnialgam. 

Properties. — It crystallises in needles, sparinglj' 
soluble in cold water. Dissolved in ammonia 
and shaken with air it gives a green solution, 
on the surface of which a characteristic violet 
skin forms. The N-acctyl derivative, needles, 
has m.j). 128-129° and coiqiles with diazotised 
bases ; the diacctyl derivative, needles, m.p. 110°. 

Eeactions. — Nitrous acid oxidises it to [J5-] 
naphthaquinonc ; in presence of copper salts, in 
neutral solution, it gives naphthalenc-2-diazo-l- 
oxide {see p. 274c). Sulphonatcd ivith 10% oleum 
at 40-50°, it gives either the 4- or 5-snlphonic 
acid (Reverdin and do la Harpo, ibid. 1893, 26, 
1281). 

(ix) 2-Amino-3-naphthol may bo obtained 
from 2:3-dihydroxynaphthalone, either by heat- 
ing it with 30% ammonia under pressure at 
140-150°, or by the bisulphite reaction (Badische, 
G.P. 117471 ; B.P. 1387, 1900). It may also bo 
prepared from O-ethors of 2-hydroxy-3-naph- 
thoamido by treatment with hypoolilorito 
followed by hydrolysis (I.G., B.P. 304493 ; 
304441; 379802; see aZso Jambusorwala, Holt, 
and Mason, J.C.S, 1931, 373). 
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Properties. — ^It crystallises in needles, m.p. 
234°, sparingly soluble in cold water. The 
N -benzoyl derivative has m.p. 233-5° (Sachs, 
Lc.) ; the methyl ether, m.p. 104-105°. Disazo- 
dyes are obtained by coupling it in alkaline solu- 
tion with diazotised bases (Ba3'er, G.P. 99468). 
For other derivatives, c/ Goldstein and Gardiol, 
Helv. Chim. Acta, 1937, 20, 516). 

(x) 2-Amino-4-naphthol has been obtained 
by heating l:3-dihydroxynaphthalene with am- 
monia under pressure at 130-140°. It forms a 
sparingly soluble hydrochloride. The N -phenyl 
derivative is rapidly oxidised in alkaline solution 
to 2-anilino [a-Jnaphthaquinone. The azo-dyes de- 
rived from it resemble those from l-amino-3-naph- 
thol (Friedlander and Riidt, Ber. 1896, 29, 1612). 

(xi) 2-Ammo-5-naphthoI can be obtained 

by fusion of )S-naphthylamine-5-sulphonic acid 
with caustic potash at 260—270°. It is also 
obtained by fusion of )3-naphthylamine-l:5-disul- 
phonic acid with alkali, or by heating 6-amino- 
a-naphthol-5-sulphonic acid with mineral acid | 
(Bucherer and Wahl, J. pr. Chem. 1921, [ii], 
103, 129). I 

(xii) 2-Amino-6-naphthol is obtained bj' 
reduction of 2-amino-6-naphthol-4-sulphonic 
acid with sodium amalgam. The methyl ether 
has been prepared from 2:6-dihydroxynaphtha- 
lene (Windaus, Ber. 1924, 57 [B], 1738). N- 
Arylated derivatives are obtained from N- 
arylated j3-naphthylamme-6-sulphonio acid by 
fusion with alkali (I.G., B.P. 341120). 

Properties. — ^It crystallises in scales, m.p. 
190-195° (Jacohia, Aimalen, 1902, 323, 127); 
dibenzoyl derivative, needles, m.p. 233-5° ; elhyl 
ether, m.p. 90-91°, b.p. 330°. It couples in 
alkaline solution with diazotised bases forming 
monoazo-dyes (Bayer, G.P. 164516 ; B.P. 
18569, 1902). 

(xiii) 2-Ammo-7-naphthoI is formed by 
fusion of )5-naphthyIamine-7-sulphonic acid 
with 50% caustic soda at 260-300°. It may be 
obtained from 2:7-dihydroxynaphthalene by 
heating with ammonia under pressure, or by the 
bisulphite method (Franzen and Deibel, J. pr. 
Chem. 1908, [ii], 78, 155), or from 2-.7-diamino- 
naphthalene by the bisrdphite reaction (Badische, 
G.P. 134401). Mixed -svith l-amino-6-naphthol, 
it is a product of heating )3-naphthol-7-sulphonic 
acid -svith sodamide in naphthalene at 230° 
(Sachs, Ber. 1906, 39, 3017 ; B.P. 22412, 1905). 

Properties. — ^It forms needles, m.p. 201°, 
sparingly soluble in water. The N -acetyl 
derivative has m.p. 232° ; the diacetyl derivative, 
m.p. 156° (Raiford and Talbot, J. Amer. Chem. 
Soc. 1927, 49, 559) ; the dibenzoyl derivative, 
needles, m.p. 187-6°; the N -phenyl derivative, 
needles, m.p. 160° (Kalle, G.P. 60103). 

Reactions. — It may be diazotised. It couples 
in acid or in alkaline solution with diazotised 
bases forming azo-dyes (Cassella, G.P. 71329). 
2-Jl-Biaminonaphthalene is formed from it by the 
bisulphite method. With sulphuric acid at 30° 
it gives 2-amino-1-naphlhol-3:B-disulphonic acid. 
With chlorosulphonic acid in presence of pyridine 
it gives 2:l-aminonaphthol-H-sulphonic acid 
(I.G.. B.P. 328032). 

The trimethylammonium chloride, obtained 
by heating the aminonaphthol in alkaline 
alcoholic solution with methyl chloride imder 


pressure at 110° couples with diazotised bases 
forming azo-dyes (Geigy, G.P. 90310). 

(xiv) 2-Amino-8-naphthol is obtamed by 
fusion of /3-naphthylamine-8-sulphonic acid 
with caustic alkali at 260-270°, or by heating 
l:7-dihydroxy-j3-naphthoic acid with ammonia 
at 170-180° (Friedlander and Zinberg Ber 
1896, 29, 40). 

Properties. — ^It crystallises in scales, m.p. 158°. 
Its N-acetyl derivative, needles, has m.p. 21(F 
211 °. 

Reactions. — ^It eouples in acetic acid, or in 
alkaline solution, with diazotised bases forming 
azo-dyes (Bayer, G.P. 220532). The N-acetyl 
derivative on oxidation with chromic-acetic acid 
gives T-acetylamino-[a-Jnaphthaquinone (I.G. 
B.P. 291340). 

AinNONAPHTHOLSUIiPHONIC ACIDS. 

Of the very large number of aminonaphtho- 
mono-, di-, and tri-sulphonic acids theoretically 
possible, many have been described, including 
fifty monosulphonic acids. A relatively small 
number only are of technical importance and 
this by reason of the dyestuffs prepared from 
them. The remainder are of little technical 
interest and information on their properties is 
scanty. 

General Methods of Preparation. — ^The chief 
method used for production of those acids which 
are of technical importance is fusion of the 
appropriate naphthylamine-di- or -tri-sulphonic 
acid with concentrated caustic soda, or, less 
generally, caustic potash solution at tempera- 
tures of the order of 180-200°. With sulphonio 
acids of a-napthylamine the sulphonio group in 
position 8 is that most easily replaced (thi is 
reported to be assisted by conducting the fusion 
in presence of ammonia) (Newport Co., U.S.P. 
1573056; 1670406), next that in position 5; 
groups in positions 2 or 4 resist displacement. 
With sulphonio acids from jS-naphthylamine, the 
sulphonio group in position 4, 5, or 8 is easily 
replaced, that in position 1 or 6 resists displace- 
ment, If the temperature is too high or the 
alkali too weak, the am-ino-group also may be 
eliminated with formation of a dihydroxy- 
naphthalenesulphonic acid. 

Other methods used for the production of 
these acids are : 

1. Reduction of nitroso or azo derivatives of 

naphtholsulphonic acids with sodium 
hydrosulphite or other reducing agents. 
By these methods the 1.-2-, 1:4-, and 2:1- 
aminonaphtholsulphonic acids are pro- 
duced. 

2. Hydrolysis of one amino-group of a di- 

aminonaphthalenesulphonio acid, either 
by heating with dilute mineral acids, or 
water under pressure, or by the bisul- 
phite method. 

3. Amination of one hydroxyl ^oup of 

dihydroxynaphthalenesulphonic acids 
with aqueous ammonia rmder pressure. 

With a)S - dihydroxynaphthalenesul- 
phonic acids, the hydroxyl radical in 
the )3-position is the more easily ex- 
changed for the amino-group. 

4. Sulphonation of certain aminonaphthols 

with sulphuric acid or oleum. 
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The constitution of the acids is usually known 
from the structure of the naphthylamine- or 
nitro- (or azo-) naphthol-sulphonic acid used for 
the preparation, but confirmation can frequently 
be obtained by action of sodium amalgam, which 
eliminates a-sulphonic more readily than 
sulphonic groups, or by action of boiling 20% 
hydrochloric acid which removes the sulphonic 
group when in the 4-position relative to hydroxyl. 

General Properties. — Except in respect of their 
properties as dyestuff intermediates, little in- 
formation has been published about the proper- 
ties of the acids, which are usually distinguished 
.by the fluorescenee or non-fluorescence of their 
alkali-salt solutions and by the colorations given 
with ferric chloride or bleaching-powder solu- 
tions. Nevertheless certain of these acids arc 
important by reason of their property of form- 
ing two series of azo-dyestuffs, when coupled 
with diazotised bases, which are tinctorially, as 
well as chemically, different in character. 
Provided the amino- and hydroxyl-groups are in 
different nuclei, and the sulphonic acid group or 
groups so situated that the diazo-complex enters 
only into the ortho-position rclativclj' to these 
radicals, coupling in weak acid solution ^vill 
lead to the entry of the azo-group ortho to the 
amino-group and in alkaline solution, ortho to 
the hydroxyl group. The monoazo-compound 
resulting from acid coupling conditions may be 
capable of coupling under alkaline conditions 
with a second molecule of a diazo-corapound. 
Naphthol Blue Black (Colour Index No. 240) is 
an example. The technically important acids 
of this class are Gamma acid (2-amino-8- 
naphthol-O-sulphonic acid), J-acid (2-nmino-5- 
naphthol-7-sulphonic acid), S-acid (1 -amino-8- 
naphthol-4-sulphonic acid), H-acid (l-amino-S- 
naphthol-3:6-disulphonic acid), and K-acid (1- 
amino-8-naphthol-4;0-disulplionic acid). Of the 
acids derived from l-amino-8-naphtiiol, only 
those in whicli or//io-azo-dyes are obtained by 
coupling are of technical importance, viz ; S-, H-, 
and K-acids. 

The monosulphonic acids derived from 1:2- 
and from 2:l-aminonaphthol treated with 
nitrous acid are oxidised in acid solution, but, 
in absence of free acid, they arc diazotised and 
form ortto-hydroxyazo-dyes remarkable for their 
fastness. 

Valuable monoazo-dyes are also derived from 
N-substituted aminonaphtholsulphonic acids 
which differ in shade and degree of fastness from 
the comparable dyes prepared from the parent 
acid. Substituents may bo alltyl (ethyl, etc.), 
acyl (acetyl or carbonyl, etc.), aryl (phenyl) and 
substituted aryl (nitroaryl, salicylsulphonyl, 
etc.). 

A special interest attaches to 2-amino-6- 
naphthol-7-sulphonic acid (J-acid) by reason of 
the faet that, unlike its isomers, except 1-amino- 
5-naphthol-7 -sulphonic acid, this acid, and its 
N-substituted derivatives, endow most of the 
azo-dyes derived from them with the valuable 
property of dyeing unmordanted cotton. This 
property was first utilised in the introduction 
of dyes produced from 5:6''-dihydroxy-2:2'-di- 
naphthylamine-7:7'-di8ulphonio acid (I) (Bayer, 
G.P. U4841 ; B.P. 24296, 1899). Theaffinityfor 
cotton is increased by acyl substitution, the 
VoL. VIII.— 23 


substituted ureas (11) obtained by the action of 
phosgene being a good example (see Battegay 
and Wolff, BuU. Soc. chim. 1923, [iv], 33, 1481). 



II. 

(For further details, sec Dyestuffs, Azo, Vol. 
IV, 215c, 21Ca, c). 

Certain of the technically important acids arc 
described in detail below; information con- 
cerning the remainder is summarised in the 
tables. 

1-Ami no-2-naphthol-4-sulphonic Acid 
is formed by fusion of a-naphthyIaniino-2:4- 
disulphonic acid with caustic soda (Tomioka, 
J.S.C.I. 1917, 36, 1043). It is prepared in 82- 
84% 3*icld from l-nitroso-j3-nnphthol by action 
of sodium bisulphite followed by concentrated 
sulphuric acid (Fiescr, Organic S^mthcscs, 1931, 
XI, 12). It is also formed from l-nmino-2- 
naphthol by tho action of sodium sulphite in 
presence of air (.Marschalk, Bull. Soc. chim. 
1929, [iv], 45, 051). 

In technical practice tho acid is diazotised 
immediately, and may bo isolated ns tho diazo- 
oxide (see Battegay and Schmidt, ibid. 1927, 
[iv], 41, 205). 

Properties. — ^Theacitf, HA-1- JHjO, forms verj’ 
sparingly soluble needles, 

Jtcaclions. — In alkaline solution tho acid is 
readily oxidised by air (Dahl, G.P. 82097 ; 
B.P. 6153, 1895). The diazo-oxidc, exposed to 
light in presence of enough acid to prevent 
coupling with tho decomposition product, decom- 
poses quantitatively into l:2-dihtjdroxpnaphtha- 
Icnc-i-sulphonic acid (Schmidt and Maier, Bor. 
1931, 64 [B], 767). Chlorinated or brominated 
in sulphuric acid tho diazo-oxidc gives tho G- 
halogcno derivative, which by action of cuprous 
oxide is converted into tho G-halogeno-2- 
naphthol-i-sulphonic acid (Battegay, Silbcr- 
mann, and Kicnzlo, BuU. Soc, cliim. 1931, [iv], 
49, 716 ; Ruggli and Michels, Holv. Chim. Acta, 
1931, 14, 779); nitrated it gives tho G-nitro-l- 
diazo-2-naphthol-i-sulphonicacid (Ruggli, Knapp, 
Merz, and Zimmormann, ibid. 1929, 12, 1034), 
an important dyestuff intermediate. Tho diazo- 
oxido, and other naphthalono-l:2-diazo-oxides, 
when treated with sodium sulphite form coloured 
additive products wliioh when heated decom- 
pose giving 2-naphthol-l -sulphonic acids. Thus 
2-naphthol-l:4- and l:6-disulphonio acids can bo 
obtained (ICrebster and Vannotti, ibid. 1938, 21, 
1221). Chlorination of tho aminonaphtholsul- 
phonic acid itself gives a oliloramino as intor- 
raediato product (Pilz and Kraczldowicz, Rocz, 
Chim. 1931, 11, 40; see also HoUor et al., Z. 
angew. Chem. 1930, 43, 1131). 



NAPHTHALENE. 


l-Amino-2-naphthol-6-sulphonic Acid 
is not itself of importance, but its O -methyl 
and O-ethyl ethers find technical application as 
middle components in disazo-dyes for cotton 
(d. Dyestuits, Azo, Vol. IV, 222). They are 
prepared by nitrating 2-methoxy(or ethoxy)- 
naphthalene-6-sulphonic acid and reducing the 
nitro-compound (Cassella, G.P. 58306 ; Bayer, 
G.P. 69165). \-Amino-2-me.tlioxy{ov ethoxy)- 
naplithalene-Q-sulphonic acid is sparingly soluble, 
the sodium salt freely soluble in -water. The 
necessary 2 - alkox 3 maphthalene - 6 - sulphonic 
acids are formed by sulphonating j3-naphthyl 
alkyl ethers -with chlorosulphonic acid in an inert 
medium (Amphlett and Armstrong, Chem. 
News, 1887, 55, 8 ; Lapworth, ibid. 1895, 71, 206). 

1 - Amino -2- alkoxynaphthalene- 7 -sul- 
phonic Acids are obtained similarly (Cassella, 
Bayer, l.c.) but are not technically important as 
the 2-alkoxynaphthalene-7-sulphonio acids are 
not readily accessible. 

l-Amino-8-naphthoI-4-suIphonic Acid 
(S-acid) may be obtained from l:8-diamino- 
naphthalene-4-Bulphonic acid by the hisulphite 
method in presence of acetone (Bucherer, J. pr. 
Chem. 1904, [ii], 70, 349). It is prepared from 
a-naphthylamine-4:8-disulphonic acid by fusion 
with caustic potash at 210“ (Badische, G.P. 
63074; B.P. 20276, 1891; Bayer, G.P. 76317), 
and isolated from the dissolved melt as the free 
acid by acidification. 

Properties . — ^The acid forms sparingly soluble 
needles. The alkali salts are readily soluble, 
sho-wing a bluish-green fluorescence in solution. 
With ferric chloride an emerald-green coloration 
is produced. The alkaline solution is oxidised 
slowly in air. 

Reactions . — ^The acid may be diazotised giving 
a sparingly soluble diazo-compound (Cassella, 
G.P. 82676). It may be coupled, both in acid 
and in alkaline solution, with diazotised bases 
and can be used as a middle component in 
disazo-dyes (Badische, G.P. 91856; B.P. 9894, 
1893). With excess of bromine in acetic acid it 
gives 2:4:7 -tribromo-1 -amino-5:8-iiaphthaquinone, 
m.p. 236° (HeUer et al., l.c . — this paper describes 
the action of bromine on other aminonaphthol- 
sulphonic acids). 

1 - Amino - 8 -naphthol - 3:6- disuiphonic 
Acid (H-acid) has been obtained from 1:8- 
diaminonaphthalene-3:6-disulphonic acid by 
hydrolysis -with 10% sulphuric acid at 100-120“ 
or -with 40% caustic soda at 200“ ; or from 1:8- 
dinitronaphthalene by heating with sodium 
bisulphite solution at 90-100“. It is prepared 
from a-naphthylamine-3:6:8-trisulphonio acid 
by fusion with caustic soda solution at 180- 
190“ ; addition of ammonia is recommended as 
preventing hydrolysis of the amino-group (New- 
port Co., U.S.P. 1573056). The acid is isolated 
as the acid sodium salt by acidification of the 
dissolved melt at suitable dilution. 

Properties . — ^The acid is sparingly soluble 
in cold water. The acid sodium salt, 
NaHA-t-HHjO, and the acid barium salt, 
BaH2A2-f-4JH20, form somewhat sparingly 
soluble needles (Dressel and Kothe, Ber. 1894, 
27, 2160). Solutions give a brownish-red colora- 
tion -with ferric chloride. The acid forms 
sparingly soluble salts -with arylamines (1 mol.) 


or arylenediamines (-J mol.), which may be used 
for identification (Forster and Mosby, J.S.O.I. 
1928, 47, 167 t). A method of detecting the acid 
by means of such salts has been suggested 
(Lynch, Ind. Eng. Chem. 1922, 14, 964). 

Reactions . — ^The acid may be diazotised form- 
ing a yellow diazo-compound. In both acid and 
alkaline solution it couples with diazotised bases, 
forming two series of monoazo-dyes. It is 
widely used in the dyestuffs industry for azo- 
dyes. On bromination in aqueous solution 
it gives a violet coloured quinhydrone (Heller 
el al., l.c.). 

2-Amino-6-naphthol-7-sulphonic Acid 
(3-acid) has been obtained from l:6-dihydroxy- 
naphthalene-3-sulphonic acid by the bisulphite 
method (Badische, G.P. 117471 ; B.P. 1387, 
1900). It is prepared from jS-naphthylamine- 
5:7-di8ulphonic acid by fusion -with 60% caustic 
soda solution under pressure at 190°, being 
isolated as the free acid by acidification of the 
dissolved melt. 

Properties . — ^The acid is very sparingly soluble 
in water. The alkali salts are readily soluble, 
their solutions readily becoming discoloured in 
air by oxidation. Solutions give a brownish- 
black precipitate with hot ferric chloride. 

Reactions . — The acid may be diazotised in 
suspension giving a yellow diazo-compound. In 
both acid and alkaline solution it couples -with 
diazotised bases, forming two series of monoazo- 
dyes. It may be halogenated in the 1-position 
(Bayer, G.P. 254715; 268299; B.P. 14162 
14163, 1912). Acetyl-J -acid (Du Pont, U.S.P. 
2062368) with chlorosulphonic acid gives the 
sulphonyl chloride (I.G., B.P. 326226). With 
phenylhydrazines and sodium hydrogen sulphite, 
carbazole derivatives are formed (Bucherer and 
Zimmermann, J. pr. Chem. 1921, [ii], 103, 277). 
Important derivatives are carbonyl-3 -acid, by 
reaction of phosgene on J-acid, and phenyl-3 - 
acid (2-anilino-5-naphthol-7-sulphonic acid) by 
interaction of aniline and sodium bisulphite 
■with J-acid; both are used in the manufactme 
of direct cotton dyes. 

2-Amino-8-naphthoI-6-sulphonic Acid 
(y-acid) has been obtained from l:7-dihydroxy- 
naphthalene-3-sulphonic acid by heating with 
30% ammonia under pressure at 120-160°, or 
by the bisulphite reaction. It is prepared from 
j8-naphthylamine-6:8-disulphonic acid by fusion 
■with caustic soda at 190-195° beingisolated as the 
free acid by acidification of the dissolved melt. 

Properties . — The acid forms very sparingly 
soluble needles. The alkali and alkaline earth 
salts are readily soluble, the solutions oxidising 
slowly in air and giving a dirty claret colour ■with 
ferric chloride solution. 

Reactions . — ^The acid may be diazotised in 
suspension forming a sparingly soluble yellow 
diazo-compound. In both acid and alkaline 
solution it couples ■with diazotised bases form i ng 
two series of monoazo-dyes. On halogenation 
it is substituted in the 1-position (Bayer, l.c.). 
With phenylhydrazine and sodium hydrogen 
sulphite, carbazole derivatives are formed 
(Bucherer and Zimmermann, l.c.). An important 
derivative is phenyl-y-acid (2-anilino-S-naphthol- 
Q-sulphonic acid), obtained by the action of 
aniline and sodium bisulphite on y-acid. 
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AsnNONAPHTHOi-MONOstrLPHOiao Acids. 


Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 


See text (p. 353c). 

See text (p. 353d). 


Eeduction of azo derivatives of fi-naphtliol-5- 
sulplionio acid (Witt, Ber. 1888, 21, 3478). 

Acid, very sparingly soluble. , , , , 

Gives brown coloration with ferric chloride. 

1:2:6 

(1) Eeduction of mtro30-j3-naphthol-6-sul- 
phonic acid by tin and hydrochloric acid 
(Meldola, J.O.S. 1881, 39, 47). 

(2) Eeduction of azo-dcrivativcs of p-naph- 
.thol-6-sulplionic acid (Witt, Ber. 1888, 21, 

3476). 

Acid, HA, sparingly soluble needles ; sodium 
salt (Eikonogen), NaA-l-lJHiO. Solutions, 
especially If alkaline, are very sensitive to 

Gives brown coloration with ferric chloride. 

For diazo-oiide, cf. Gcigy, l.c. below. 

Couples with diazotlsed bases (cf. Aktienges., 
G.P. 79103 : B.P. 13833, 1893). 

For O-alkj'l ethers, sec p. 354 a. 

1:2:7 

Eeduction of azo derivatives of /3-nnphtliol-7- 
sulphonlc acid (Witt, ibid. 1888, 21, 3477). 

Acid, very sparingly soluble needles. 

Gives brown coloration with ferric chloride. 

For diazo-oxide, cf. Gcigy, G.P. 171024. 

Couples with diazotlsed bases {cf. Aktienges., 
l.c.). 

1:2:8 

Eeduction of azo derivatives of fl-nnphthol-8- 
sulplionio acid (Witt, Ber. 1888, 21, 3474). 

Acid, very sparingly soluble leaflets. 

Gives brown coloration with ferric chloride. 

For diazo-oxide, cf. Goigy, l.c. 

1:3:4 

(4:2:1) 

l-Amlno-3-naplithol sulplionatcd with moho- 
hydrato (Friedlunder and Eudt, ibid. 1806, 
29, 1609). 

Acid, very sparingly soluble needles. Con- 
verted by water at 120° Into l:3-di7iiidroxj/- 
mplMalene. 

1:3:6 

(4:2:7) 

Mixed with l:6:3-ncld, by boiiing a-naphthyl- 
amine-3:6-dIsulphonicncid witli 73% caustic 
potash solution (Cassella, G.P. 82676). 

Acid, very sparingly soluble ; sodium salt 
separated by salting out from the 1:6:3- 
Isomcr. 

Forms a readily soluble dlazo-corapotind. 
Couples In alkaline solution with diazotlsed 
bases (Cassella, l.c.). 

1:4:2 

(4:1:3) 

Eeduction of nitroso or azo derivatives of a- 
naphthol-3-suiphonio acid (Eoverdln and 
de la Harpo, Bor. 1893, 26, 1281) (c/. 2:1:3). 

No description published. 

N-orj/l derivatives as Intermediates for dyes 
(Sandoz, B.P. 530078). 

1:4:3 
(4:1 :2) 

(1) l-Amino-4-naphthol sulplionatcd with 
10% anhydro-aoid at 30-40° (Seidel, ibid. 
1892, 26, 424 ; cf. Frledliindcr and Eeln- 
hardt, ibid. 1894, 27, 239). 

(2) Eeduction of nitroso (Conrad and Fischer, 
Annalcn, 1893, 273, 114) or of azo deriva- 
tives (Eeverdin and do la Harpe, Ber. 1892, 
25, 1403) of a-naphthol-2-sulphonlc acid. 

Acid, HA, very sparingly soluble needles 
which give a grn.ss-greon solution In alkalis 
or alkali carbonates, rapidly becoming 
brown. 

Oxidised by dilute nitric acid to [a-]iinplif/in- 
Ouinone-S-sulphoiiic acid and phthalic acid ; 
by pennanganato in alkallno solution to 
phthalic acid (Seidel, l.c.). 

1:4:6 

(4:1:8) 

(1) Eeduction of azo derivatives of a-naph- 
thol-8-sulphonic acid (Eeverdin and de la 
Harpe, ibid., p. 1404). 

(2) Electrolytic reduction of a-nitronaphtha- 
Iene-5-sulphonic acid in sulphuric acid solu- 
tion (Gattcrman, ibid. 1893, 26, 1852 ; 
Bayer, G.P. 81621). 

Acid, leaflets soluble In water but Insoluble 
In cold alcohol, solution In ammonia 
yellow ; lead and barium salts sparingly 
soluble In water (Bayer, l.c.). 

1:4:6 

(4:1:7) 

Blectroljd^lc reduction of a-nitronaphthalcnc- 
6-sulphonic acid In sulphuric acid solution 
(Bayer, l.c.). 

Acid, needles soluble In water or cold alcohol, 
solution In ammonia yellow : lead and 
barium salts soluble in water (Bayer, l.c.). 

1:4:7 

(4:1:6) 

Electrolytic reduction of a-nitronaphthalcnc- 
7-sulphonlo acid In sulphuric acid solution 
(Bayer, l.c.). 

Acid, needles soluble in water or cold alcohol 
solution in ammonia yellow; lead and, 
barium salts soluble In water (Bayer, l.c.). 


(1) a-Naphthylamlne - 2:5 - disulphonlc add 

digested TOth 50% caustic soda solution at 
240-270° (Landshoff, B.P. 6195, 1800 • 
G.P.a. 4479). > « . 

(2) From l:5-dianiinonaphthaIene-2-sulphonic 
acid by bisulpliite reaction (Buchcrer and 
Uhhnann, J. pr. Chom. 1909, [li],80, 213). 

Acid, sparingly soluble needles. 

Gives green coloration with ferric chloride 
{cf. Bayer, G.P. 75317). 

Forms a sparingly soluble dinio-compound. 
Couples with diazotised bases {cf. Cassella, 
G.P. 82676). 


(1) From l-acetylamlno-5-aminonaphthalcne- 

4-sulphonlc acid ; or from 

(2) 1:5 - Bihydroxynaphthalene - 4 - sulphonic 
acid by the bisulphite reaction (Buchorer 
tbid., p. 223). 

Acid, HA, crystallises in needles. 

Couples with diazotised bases forming azo- 
dyes. 

1:6:6 

(6:1:2) 

l-Aniino-5-naphthol sulphonated with sul- 
68^4) (Aktienges., G.p. 

Acid, very sparingly soluble needles. 

Gives blue coloration with ferric chloride. 
Forms greenish-yellow solution unth nitrous 
acid. 

Couples with diazotised bases. 
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Aminonaphtholmonosotphonio Acids — continued. 


Constitu- 

tion. 

Preparation. 

N:0:S 

1:6:7 
(5:1:3) 
M-acid. 1 

1 

1 

(1) a - Naphthylamine - 5:7 - disulphonic acid 
heated with 75% caustic soda solution at 
170° (Badische, G.P. 73276 ; B.P. 2370, 
1893). 

(2) l:5-Diaminonaphthalene-3-sulphonic acid 
heated with water under pressure at 160° 
(Cassella, G.P. 85058). 

(3) From 1:5 - dihydroxynaphthalene - 7 - sul- 
phonic acid by the bisulphite reaction 
(Badische, G.P. 117471 ; B.P. 1387, 1900). 

(4) l-Amino-5-naphthol-2:7-disu]phonic acid 
heated with 10% sulphuric acid under pres- 
sure at 135° (Cassella, G.P. 188506). 

1:6:8 

(6:1:4) 

From l:5-diamlnonaphthalene - 4 - sulphonic 
acid by the bisulphite reaction (Bucherer 
and Uhlmann, i.c., p. 226). 

1:6:3 

(6:2:7) 

1 

1 

(1) Mixed with l:3:6-acid, by boiling a-naph- 
thylamine-3;6-dlaulphonic acid with 76% 
caustic potash solution (Cassella, G.P. 
82676). 

(2) l-Amino-6-naphthol-3:5-disulphonic acid 
boiled with dilute acids (Cassella, G.P.a. 
6163). 

1:6:4 

(6:2:8) 

a-Naphthylamlne-4:0-dlsulphonio acid fused 
with caustic soda at 180-200° (Dahl, G.P. 
68232 ; Friediander and Edelbasinskl, Ber. 
1896, 29, 1979). 

1:6:8 

(6:2:4) 

Nitration of O-aoyl derivatives of 2-naphthol- 
4-sulphonIo acid, hydrolysis and reduction. 

1:7:3 

(8:2:6) 

1 

1 

Mixed with a mote soluble Isomer, by heating 
a-naphthylamine-3:7-disulphonic acid with 
40% caustic soda under pressure at 200° 
(Cassella, G.P. 57007 ; 58352). 

l:7:(4) 

(8:2:(6)) 

l-Amlno-7-naphthol sulphonated with sul- 
phuric acid below 30° (Cassella, G.P. 76066). 

1:7:6 

(8:2:4) 

Acyl derivatives of j3-naphthoI-4-sulphonIo 
acid are nitrated and reduced. After re- 
moving the l:6:8-i3omer as sparingly soluble 
sodium salt, the solution is acidified to 
precipitate the l:7:6-acid (Geigy, B.P. 
553535). 

1:8:2 

(8:1:7) 

(1) a-Naphthylamine - 2:8 - disulphonic acid 
fused with caustic soda at 170-220° (Cas- 
sella, G.P. 76710). 

(2) l-Amino-8-naphthol-2:4-disulphonic acid 
boiled with 60% sulphuric acid (Cassella, 
G.P. 76710). 

1:8:3 

(8:1:6) 

(1) a - Naphthylamine - 3:8 - disulphonic acid 
fused with caustic alkali below 210° (Bayer, 
G.P.a. 4723 ; B.P. 13443, 1890). 

(2) l-Amino-8-naphthol-3:5-di3ulphonic acid 
boiled with dilute sulphuric acid at 140° 
(leonhardt, G.P.a. 8626 ; B.P. 19253, 
1895 : CasseUa, G.P. 108848). 

1:8:4 

(8:1:6) 

S-acld. 

See text (p. 354o). 

1:8:5 

(8:1:4) 

1 

1 

1 

(1) From l;8-diaminonaphthalene-5-sulphonic 
acid either by boiling with 20% sulphuric 
acid (Cassella, G.P. 73607 :B.P. 4613, 1893), 
or by the bisulphite method (Bayer, G.P. 
109102 ; B.P. 16807, 1899). 

(2) a - Naphthylamine -5:8 - disulphonic acid 
heated with 75% caustic potash solution at 
150° (Bayer, G.P. 75056 ; B.P. 15269, 
1893). 


Acids, salts, and reactions. 


Acid and sodium sait, sparingly soluble 
leaflets. 

Gives black coloration with ferric chloride. 

Forms a deep orange-yellow sparingly 
soluble diazo-compound <ef. Cassella, G.P. 
82676). 

Couples in alkaline solution with diazotlsed 
bases (cf. Badische G.P. 75327 ; 82572 ; 
B.P. 2370, 1893). 

With phenylliydrazine and sodimn hydrogen 
sulphite carbazole derivatives are formed 
(Bucherer and Zimmermann, J. pr. Chem. 
1921, [ii], 103, 277). 

Acid, HA-f SiHiO. 

Couples with diazotised bases forming azo- 
dyes. 

Acid, sparingly soluble, sodium salt readily 
soluble. 

Forms a yellow sparingly soluble diazo- 
compound. 

Couples with diazotised bases (of, Cassella, 
G.P. 82676). 


Acid, sparingly soluble needles ; sodium salt, 
NaA, needles ; barium salt, prisms, readily 
soluble. 

Gives brownish coloration with ferric chloride. 

Forms a sjoaringly soluble diazo-compound. 

Couples with diazotised bases (cf. Cassella, 
G.P. 82676). 

Sodium salt, sparingly soluble (Geigy, B.P. 
653536). 

Acid, very sparingly soluble needles ; sodium 
salt readily soluble leaflets. 

Forms a very sparingly soluble diazo-com- 
pound. 

Couples with diazotised bases, giving two 
series of monoazo-dyes (Cassella, l.c.). 

Acid, sparingly soluble j alkali salts readily 
soluble. 

Forms a sparingly soluble diazo-compound. 

Couples in alkaline solution with diazotised 
bases (cf. Cassella, l.c. Bayer, G.P. 198138). 


Acid, sparingly soluble radiate prisms. 

Forms a dark brown sparingly soluble diazo- 
compound. 

Couples with diazotised bases (cf. Cassella, 
G.P. 82676). 


Acid, sparingly soluble prisms or needles ; 

sodium salt readily soluble. 

Forms an orange-yellow sparingly soluble 
diazo-compound. 

Couples with diazotised bases (cf. Cassella, 
G.P. 82676). 


See text (p. 3545). 


Acid, very sparingly soluble needles ; sodium 
and ‘potassium salts readily soluble, showing 
violet fluorescence in solution (Cassella, 
l.c.). The calcium salt is easily soluble 
(Badische, G.P. 77937). 

Gives dirty green coloration with ferric 
chloride (Bayer, G.P. 75055). 

Forms a readily soluble yellow diazo-com- 
pound (Cassella, l.c.). 
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Constitu- 

tion. 


Preparation. 


(3) 8 - Chloro-a-naphthylarainc - 5 - siilphonic 
acid heated with 50% caustic sod.a solution 
underpressure at 190’- (Badische, GJ.. 

* ( 4 )^^'ced'witli 1:8:7 acid, when l-amino-S- 
naphthol is sulplionatcd with sulpluiric acid 
at 15-20’ (Badische, G.P. 02289; B.P. 
9076. 1890 ; G.P. 77937 ; 84951). 

(1) l:8-Diamtnonaphthnlenc-3-sulphonic acid 
heated with 15% sulphuric acid at 120’ 
(Cassclla, G.P. 70780; B.P. 0972, 1891; 
cf. Cassclla, G j. 73007). 

(2) a - Naphthylamlne - 0:8 - dLsulphonIc acid 
heated with 50% caustic potash solution 
under pressure at 200’ (Bayer, G.P. 60853 ; 
B.P. 15269, 1893). 

(3) l-Amino-S-naphthol-4:C-dIsulphonIo acid 
boiled with zinc dust and dilute caustic soda 
solution (Kallc, G.P. 233934). 

l-Amlno-8-naphthol sulphonated with 
sulphuric acid at 130-100° (Badische. G.P. 
82900) or (mL\cd with l:8:5-acld) with sul- 
phuric acid at 15-20’ (Badische, G.P. 84951). 

Reduction of azo.dcrivatlvcs of a-naphthol-3- 
sulphonlc acid (Gattcrmann and Schulze, 
Ber. 1897, 30, 54). 

(1) Reduction of azo (Konig, ibid. 1890, 23, 
SOS) or nltroso derivatives of a-napthol-4- 
sulphonic acid (Witt and Kaufmann, ibid. 
1891, 24, 3102). 

(2) Action of sodium bisulphite on 2-nttroso- 
o-naphthol (Schmidt, J. pr. Clicm. 1891, 
[ii],44, 531 : ef. Bonigcr, Ber. 1894,27, 29) 
or tfi-Jnaphthaqulnonc-fi-chlorlmidc (Frlcd- 
ISndcr and Reinhardt, {bid. 1891, 27, 242). 

Reduction of azo derivatives of o-naphthol-5- 
sulphonic acid (Gattcrmann and Schulze, 
ibid. 1897, 30, 51 ; ef. Rcvcrdin and dc la 
Harpe, ibid. 1893, 26, 1280). 

Reduction of 2-nitro-a-naphthol-7-sulphonlc 
acid (Finger, J. pr. Chem. 1909, [iij, 79, 
444). 

Reduction of 2-nitro3o-a-naphthol-8-sulphonic 
acid with Iron and ferrous chloride (I.C.I., 
B J. 417801). 

(1) JS - h'aphthylamine - 3:0 - disulphonic acid 
heated with 75% caustic soda at 230-250° 
(Hochst, G.P. 53070 ; B.P. 15170, 1889; 
FriedlSnder and Zakrzowski, Ber. 1894, 
27, 763). 

(2) 2:3 - Dihydroxynaphthalenc - 0 - sulphonic 
acid heated with ammonia at 150-100’ 
(Aktienges., G.P. 02904 ; cf. Ocstcrrelch, 
J.S.C.I. 1898, 17, 830). 


Acids, salts, and reactions. 


Couples in acid or In alkaline solution with 
dlazotlsed bases, being used ns a middle 
component for dlsazo-dycs (c/. Badische, 
0^. 81241 : 114900). 

For benioul derivative and nzo-dyes tliere- 
from, cf. Badische, G.P. 54002; B.P. 
9070, 1890). 

Acid, sparingly soluble needles ; todittm and 
jiohfsinm salts readily soluble ; banum 
salt, needles (Bayer, I.c.). 

Gives green coloration with ferric chloride 
(Bayer, l.e.). 

Fomts a yellow sparingly soluble aiazo- 
compound (Bayer, l.e.). 

Couples In alkaline solution with dlazotlsed 
bnecs (cf. Bayer, G.P. 82074 ; 85389 ; B.P. 
15209, 1893). 

Acid, sparingly soluble ; enleium salt almost 
insoluble. 

Forms a readily soluble dtaro-compound. 

Couples with dlazotlsed bases. 

Acid, HA, broad needles. 


Acid, HA, sparingly soluble needles (Fried- 
irmdcr and Reinhardt. I.c.). 

Fonns a violet-black dycstulT by oxidation 
with air (Rcvcrdin and de la Harpe, G.P. 
03043 : B.P. 10377, 1891). 

Xot dlazothable in acid solution (ef. C.vssella, 
G.P. 82070), but In absence of acid, gives 
din:n.OTidc (ef. Ocigy, G.P. 171024 ; B.P. 
10235, 1904). 

Acid, HA, sparingly soluble scales or needles. 

Dlazotlsahle In absence of free mineral acid 
giving dinen-ozidc (cf. Oelgy, G.P. 171024 ; 
B.P. 10235, 1904). 

Acid, HA+2H;0, needles; alkaline solution 
becomes dark green on exposure to the air. j 

Acid, sparingly soluble colourless needles; 
alkaline solution on oxidation give.* a 
charactcrLstlc deep green colour. 

Acid, very sparingly soluble needles ; toiiium 
salt leaflets ; barium salt, B»A;, sparingly 
soluble. 

Gives dark blue coloration with ferric chloride 
(Hochst, I.c.). 

Forms an orange dinzo-compound (cf. HOchst, 
I.c. : Cassclla, G.P. 109932; B.P. 28107, 
1897). 

Couples in alkaline solution with dlazotlsed 
bases (ef. Aktienges., G.P. 84145). 

Acid, sparingly soluble leaflets ; aUali salts 
readily soluble. 

Forms a yellow dinzo-compound. 

Couples with dlazotlsed bases. 

Acid, moderately soluble leaflets ; aUali 
salts readily soluble. 

Forms a yellow dicrzo-compound. 

Couples in alkaline solution with dlazotlsed 
bases (cf. Bayer, I.c.). 

Acid, sparingly soluble needles ; aUali salts 
easily soluble. 

Gives no coloration with ferric chloride. 

Forms a yellow sparingly soluble dinzo-com- 
pound. 

Couples in alkaline solution with dlazotlsed 
bases. 


is sulpLnated°“ithW®% a'Lhyto°wi^^^ “iM'ifsn*® i** ?*' Produced when 2-nmlno-l-naphthol 

chlorii (Re‘S"an^d“ derH"SerBi?'ll9°3: 28?l‘l8rS 


a-FaphthoI-S.'y-dlsulphonic acid heated with 
ammonia under pressure at 180’ (Kalle. 
G.P. 94079). 

(1) P - Faphthylamine - 4:7 - disulphonic acid 
heated with 35% caustic alkali at 200’ 
(Bayer, G.P.a. 7978 ; B.P. 25214, 1894). 

(2) a-Faphthol-3:6-dIsulphonic acid heated 
svith ammonia under pressure at 180° 
(Kalle, G.P. 94079). 

j3-Kaphthylamlne-4:8-dlsuIphonic acid fused 
with 80% caustic alkali at 215° (Bayer 
G.P.a. 8070 ; B.P. 3580, 1895). 
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NAPHTHALENE. 

AMiNONAPHTHOi.MOTrosunPHONio AoiDS — continued. 


Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

N:0;S 

2:5;(8) 

6:1:(2)) 

and 

2:5:(8) 

(6:1:(4)) 

2-Ainino-5-naphthol svUphonated with sul- 
phuric acid at 20-30° (Bayer, G.P.a. 7372; 
B.P. 5267, 1894) forms two acids about 
which little is known, the yield of the less 
soluble being 30%. 

One of the acids gives a dirty precipitate, the 
other, a bluish-grey precipitate with ferric 
chloride. 

Each acid forms a yellow diaro-compound and 
couples with diazotised bases. 

2:5:1 

(6:1:5) 

fi*N‘aphthyIaimiie-l:5-disulphonic acid fused 
with caustic alkali at 210-230® (Kalle, G.P. 
233105 ; 242052 ; B.P. 9743 ; 9744, 1910). 

Acid, moderately soluble needles. 

Gives brownish-red diazo-compound. 

Couples in alkaline solution. In acid solution 
loses its sulphonic group in coupling. 

On sulphonation gives 2:5-amlnonaphthol- 
1:6- and -6:8-disulphonic acids. Boiled 
with dilute mineral acids it gives 2:5-amino- 
naphthol. 

Gives 1:6 - dihvdroxt/naphthalene-5-sulplionic 
acid by the bisulphite method and in the 
presence of ammonia l:6-dianiinonapIitha- 
Une-5-sulpJionic acid (Bucherer and Wahl, 

J. pr. Chem. 1921, [ii], 103, 129). 

2:5:7 

(6:1:3) 

J-acld. 

See text (p. 354e). 

See text (p. 354e). 

2:6:8 

l:6-Dihydroxynaphthalene-4-8Ulphonic acid 
heated with 28% ammonia under pressure 
at 140-180° (Dahl, G.P. 70285 ; B.P. 4110, 
1892). 

Acid, sparingly soluble ; alkali salts readily 
soluble. 

Gives brown coloration with ferric chloride. 

Porms a yellow sparingly soluble diazo-com- 
pound. 

Couples in acid or in alkaline solution with 
diazotised bases (Dahl, l.c. ; G.P. 67258). 

2:6:4 

Beductlon of 6-nitro-2-naphthol-8-sulphonic 
acid (Jaoohla, Annalen, 1902, 823, 124). 

Acid, HA-(-H20, sparingly soluble needles. 
Porms a yellow sparingly soluble diazo-com- 
pound. 

2:0:8 

(6:2:4) 

Reduction of 6-nitro-2-naphthol-4-sulphonlc 
acid (Ruggli and Zimmennann, Helv. Cbim. 
Acta, 1930, 13, 256). 

Couples with diazotised bases to form dyes. 

2:7;(3) ' 
(7:2:(6)) 

2:7 - Dihydroxynaphthalenesulphonic acid 
heated with 30% ammonia under pressure 
at 120-160° (Aktienges., G.P. 63956). 

Acid, very sparingly soluble ; alkali salts 
easily soluble. 

Gives greenish-black coloration with ferric 
chloride. 

Forms a yellow sparingly soluble diazo-oom- 
ponnd. 

Couples in acid or in alkaline solution with 
diazotised bases. 

2:7:? 

(7:2:?) 

Partial hydrolysis of the disulphonic acid 
formed from 2-amino-7-naphthol by sul- 
phonatlon mth sulphuric acid at 30° (Cas- 
sella, G.P. 131626). 

Acid, needles; sodium salt, NaA-H-l20, 
sparingly soluble. 

Gives violet precipitate with ferric chloride. 

Forms a yellow sparingly soluble diazo-com- 
pound. 

Couples in acid or in alkaline solution with 
diazotised bases, giving two series of mono- 
azo-dyes. 

2:8:(5) 

(7:1:(4)) 

2:8:{7) 

{7:1:(2)) 

2-Amino-8-naphthol sulphonated with sul- 
phuric acid at 30° forms two acids in about 
equal proportion (Bayer, G.P.a. 7335 ; B.P. 
5148, 1894). 

" Sch.” acid, readily, " V ’’ acid, sparingly 
soluble ; separated by adding acid to solu- 
tion of mixed calcium salts. 

Bach acid forms a yellow soluble diazo-oom- 
pound and couples with diazotised bases. 

2:8:6 

(7:1:3) 

y-acid. 

See text (p. 354d). 

See text (p. 354d). 


Aminonaphtholdisulphonic Acids. 


Constitu- 

tion. 


Preparation. j 

Acids, salts, and reactions. 

Reduction of azo derivatives of fi-naphthol- 
3:6-disulphonic acid (Witt, G.P. 49857 ; 
Ber. 1888, 21, 3479). 

Acid sodium salt, NaHA, readily soluble 
needles. 

Gives dark brown coloration with ferric 
chloride. 

Diazotisable in absence of mineral acid giving 
diazo-oxidc (cf. Geigy, G.P. 171024). 

Does not couple with diazotised bases. 
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NAPHTHALENE. 


Aiononaphtholdistobhonio Acids — continued. 


Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

N;0;S;S 

1:S;(2):{5) 

8:1:(4);(7) 

1-8 - Diaminonaphthalene - (2):5 - disulphonic 
acid boiled with 20% sulphuric acid (Cas- 
seUa, G.P. 73048). 

Acid moderately, acid sodium salt readily 
soluble. 

Gives brown coloration with ferric chloride. 
Forms yellow diazo-compound. 

Couples with diazotised bases (cf. Cassella, 
G.P. 84952). 

1:8:2:? 

(8:1:?;7) 

1:8 - Diamiuonaphthalenetrisulphonic acid 
boiled with water or 10% sulphuric acid 
(Fischesser, G.P.a. 7595 ; B.P. 13203, 1894). 

Acid sodium salt, NaHA, moderately soluble. 
Gives green coloration with ferric cWoride. 
Forms a soluble yellow diazo-compound. 

Couples in acid solution with diazotised bases. 

1:8:3;5 

(8:1:4:6) 

l-Amino-8-naphthol-3-sulphoiiic acid sul- 
phonated with monohydrate at the ordinary 
temperature (Leonhardt, G.P.a. 8626 ; 
B.P. 19253, 1895 ; CasseUa, GP. 108848). 

Acid and acid sodium salt sparingly soluble. 

Forms a yellow sparingly soluble diazo-com- 
pound. 

Couples in acid or alkaline solution with 
diazotised bases, forming two series of 
monoazo-dyes (cf. Cassella, l.c.). 

1:8:3:6 

(8:1:3:6) 

H-acid. 

See test (p. 3545). 

See text (p. 3545). 

1:8:4:6 

{8:1:S:5) 

K-acid. 

Fusion of a-naphthy]amine-4:6;8-trisnlphonlc 
acid with 70% r.austio soda under pressure 
at 175'‘ (Bayer, 6.P. 80741 ; B.P. 17141C, 
1893 : KaUe, G.P. 99164 ; B.P. 515, 1894). 

Acid sodium salt readily soluble needles, 
(Bayer, l.c.). 

Gives yellowish-green coloration with ferric 
chloride. 

Forms a readily soluble yellow dinzo-com- 
pound. 

Couples in acid or alkaline solution with- 
diazotised bases forming two series of 
monoazo-dyes (cf. Kalle, l.c. ; G.P. 
108266).* 

1:8:4:(7) 

(8:1:(2):5) 

1- Amino - 8 - naphthol - 4 - sulphonlo acid sul- 
phonated with 23% anhydro-acld at the 
ordinary temperature (Aktlenges., 6.P.a. 
3918 : Badlsche, G.P. 125696 ; B.P. 
18366, 1900). 

Acid sodium salt sparingly soluble needles. 

Gives brownish-black coloration with ferric 
chloride. 

Forms a yeUowish-brown diozo-compound. 
Couples with diazotised bases (cf. Aktienges., 
l.c.). 

1:8:5:7 

(8:1:2:4) 

1-Amino - 8 - naphthol • 5 - sulphonlo or 7-sul- 
phonic acid sulphonated with monohydrate 
at 100° (Badische, G.P. 62289 ; B.P. 9676, 
1890 ; cj. Badlsche, G.P. 82900). 

Acid readily soluble leaflets ; acid sodium 
salt readily soluble. 

Gives blue coloration with ferric chloride. 
Forms a sparingly soluble yellow diazo-com- 
pound. 

Couples with diazotised bases (cf. Cassella, 
G.P. 84952). 

1:8:(5):? 

(8:1:(4):?) 

Fusion of naphthasultamdisulphonic acid D 
with 90% caustic soda at 170° (Bayer, G.P. 
80668 ; B.P. 4979, 1893). 

Acid sodium salt moderately soluble needles. 
Gives green coloration with ferric chloride. 
Couples with diazotised bases. 

2:1:3:6 

Beduction of 2-nitroso-a-naphthoI-3:6-disul- 
phonic acid (Geigy, GJ. 171024; BJP. 
10235, 1904). 

Acid sodium salt easily soluble needles. 
Hiazotisable in absence of mineral acid giving 
a diazo-oxidc (cf. Geigy, i.o.). 

2:1:3:8 

Beduction of azo derivatives of a-naphthol- 
3:8-disulphonic acid (Bemthsen, Ber. 1890, 
23. 3093). 

Hiazotisable in absence of mineral acid giving 
a diazo-oxide (cf. Geigy, l.c.). 

As component in dyes, Gesellsch., B.P. 
249884. 

■■ 

Beduction of azo derivatives of a-naphthol- 
4:6-disulphonic acid (Eeverdin and de la 
Harpe, ibid. 1893, 26, 1282 ; c/. Boniger, 
ibid. 1894, 27, 3052). 

Acid readily soluble ; acid sodium salt spar- 
ingly soluble needles. 

H 

Beduction of azo or nitroso derivatives of a- 
naphthol-4:7-dlsnlphonic acid (Eeverdin 
and de la Harpe, l.c. ; cf. Boniger, i.c. 3054). 

Acid, moderately soluble needles ; sodium 
salt readily soluble. 

Hiazotisable in absence of mineral acid giving 
a diazo-oxidc (cf. Geigy, l.c.). 

2:1:4:8 

Beduction of azo derivatives of a-naphthol- 
4:8-disnlphonic acid (Eeverdin and de ia 
Harpe, l.c., 1283). 

Acid and acid sodium salt moderately soluble. 
Hiazotisable in absence of mineral acid giving 
a diazo-oxide (cf. Geigy, l.c.). 

As component in dyes, Gesellsch., B.P. 
249884. 

2:3:6:8 

(3:2:5:7) 

Sulphonation of 2-amino-3-naphthol-6-snl- 
phonio acid (Aktienges., G J. 86448 ; B.P. 
8645, 1895). 

Ho description published. 


* The coloration produced by the interaction of K-acid with Bulphanilic acid in the presence of nitrous acid 
lorras a delicate test for minute quantities of nitrites in water (Erdmann, Ber. 1900, 33, 218). 
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Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

N:0:S:S 

2:4:6:8 

(3:1:5:7) 

Digestion of S-naphthylaminc-4;C:8-trisul- 
phonic acid with 60% caustic soda at 170- 
180° (Bayer, G.P.a. 8154 ; G.P. 80242). 

Acid sodium salt, moderately soluble. 

Gives blul.sh-grccn coloration with ferric 
chloride. , 

Forms a pale yellow dinro-compountl. 

Couples with diazotised bases. 

2:5:1:7 

(6:1:3:5) 

Digestion of 8-naphtliylaminc-l:5:7-ti;jsul- 
phonio acid wltli 60% caustic soda at 100- 
220° (Bayer, G.P. 80878 ; B.P. 20580, 1893). 

Acid sodium salt readily soluble needles. 

Gives green coloration with ferric chloride. 
Forms an orange-yellow soluble diaro-com- 

Cowle^'ln alkaline solution with diazotised 
bases (ef. Bayer, G.P. 02708 ; B.P. 1002, 
1894). 

2:5:3:7 

(6:1;3;7) 

8 - Naphthylamlne - 3:5:7 - trlsulphontc acid 
heated with 30% caustic soda at 100° 
(Oehler, G.P. 158147 ; B.P. 1581, 1004). 

Acid sodium salt c.isily soluble. 

Gives ycllouish-bro^vn coloration with ferric 
chloride. 

Forms an cAslIy soluble] orange dtaro-com- 



pound. , ,, , 

Couples in alkaline solution with diazotised 
bases. 

2:6:5:8 

(6:2:1:4) 

From 0-nitro-l-dJazo-2-naphthol-4-su!phonlc 
acid heated with sodium sulphite and copper 
sulphate followed by reduction of the nltro- 
group (Krebser and Vannotti, llclv. Clilm. 
Acta, 1938, 21, 1231). 

Stonosodium s.alt, -l-H:©, mlcrocryslalline 
powder. 

Allmli salts show' a strong green nunrescenre 
in aqueous solution. 

Gives a violet coloration with ferric chloride 
quickly changing to green. 

2:7:3:6 

(7:2:3:6) 

(1) 8-l'aphthyIamInc-3:0:7-trisulphonIc acid 
heated '^dth 55% c.austlo soda at 180-240’ 
(Bayer, G.P.a. 7019 ; B.P. 17141, 1893 ; ef. 
Bayer, G.P. 80878). 

(2) 2:7 - Dihydroxynaphthaicnc • 3:0 - disul • 
phonic acid heated with 23% ammonia at 
180-220° (Aktienges., G.P. 75142, B.P. 
16199, 1893). 

(3) 2-Amlno-7-naphthol sulphonatcd with sul- 
phuric acid at 30° (Cassclla, B.P. 131526). 

Acid sparingly soluble ; acid sodium salt 
sparingly soluble needles. 

Gives deep violet coloration with ferric 
chloride (Bayer, l.e.; Aktienges., l.e.). 

Forms a sparingly soluble yellow dinro-com- 
pound (C.assella, l.c.). 

Couples only slowly or not at all with 
diazotised b.ases (Cassclla, l.e.). 

2:8:3:6 

(7;1:3:6) 

Fusion of 8-naphthylamlnc-3:0:8-trlsulphonlc 
acid with 80% caustic soda at 220-260° 
(Hochst, G.P. 63023 ; B.P. 15175, 1889). 

Acid and salts readily soluble. 

Gives dark green coloration with ferric 
chloride. 

Forms a yellow sp.aringly soluble dinro-com- 
pound. 

Couples in alkaline solution with diazotised 
bases (ef. Aktienges., G J*. J0S215 ; B.P. 
14895. 1893). 

VTith chlorosulphonic acid gives a disulphonul 
chloride, yellow crystals, darkening above 
250° (I.G., B.P. 331590). 


AjlnrONAPHTHOLTKISUliPHOMO ACJIDS. 

l-Amino-2-naphthol and 2-Amino-l- 
naphthol-3:6:8-trisuIphonic Acids are ob- 
tained by reduction of azo derivatives of the 
corresponding ^-naphthol- and a-naphthol- 
3:6:8-trisulphonic acids. They give diazo-oxides 
on diazotisation in absence of mineral acid 
(Geigy, G.P. 171024; B.P. 10235, 1904). 

1- Amino - 8 - naphthol-2:4:6-trisu I phonic 
Acid, obtained by fusing naphthasultam-2:4:6- 
trisulphonic acid with 85% caustic potash at 150- 
160°, forms a sparingly soluble acid potassium 
salt, gives a green coloration with ferric chloride, 
also a readily soluble orange dtozo-compound, 
and couples with diazotised bases (Bayer, G.P. 
84597). 


Niteoamenonaphtholsulphonio Acids. 
The nilroamino-a-naphthol, obtained from 2:4- 
dimtro-a-naphthol by reduction with am- 
monium sulphide, forms yeUow needles, m.p. 
130° (Ebell, Ber. 1875, 8, 564). 

' (i) (?)-Nitro-l.amino-2-naphthol-4- 


sulphonic Acid. — If nitrosulphuric acid, con- 
taining sufTicicnt anln'drido to remove water 
formed in the reaction, is added to a suspension 
of l-nmino-2-naphthol-4-sulphonic acid in mono- 
hydrate at 0° nitration, instead of o.xidation, 
occurs. The nitro-compound formed, yelloudsh- 
brown needles, yields a diamino-2-naphlholA- 
stilphonic acid on reduction and, when 
diazotised, a diazo-oxide closely resembling the 
G-nitro-l-diazo-2-naphthol-4-sulphonic acid of 
G.P. 164655 in properties (Kalle, G.P. 249724). 

(ii) 3-Nitro- l-amino-4-naphthol-6-sul- 
phonic Acid, obtained from 2:4-dinitro- 
1 - naphthol - 7 - sulphonic acid (Naphthol 
Yellow S) by reduction with stannous chloride 
and hydrochloric acid (Finger, J. pr. Chora. 1909, 
[ii], 79, 442) forms sparinglj' soluble golden 
yellow scales. It is diazotisablo (GeSollsch., 
G.P. 189513; B.P. 7535, 1900). When boiled 
with copper powder in alcohol it gives copper 
2-nitro-l-naphthol-7-sulphonatc (Finger, lx.). 

(iii) 4-Nitro-2-amino-l-naphthol-7-sul- 

phonic Acid is obtained when Naphthol 
Yellow S in ammoniacal solution is reduced 
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%vith sodium sulphide at 90-95°. It forms 
yellow ciystals, sparingly soluble in cold water 
and can be diazotised (GeseUsoh., B.P. 487718). 

(iv) (8)-Nitro-2-amino-3-naphthol-6'Sul- 
phonic Acid has been prepared by adding 
sodium nitrate to a solution of 2-amino-3- 
naphthol-6-sulphonic acid in sulphuric acid at 
6°. It forms yellow needles. Its sodium and 
potassium salts are easily soluble, and it can be 
diazotised (Cassella, G.P. 110369; 111933). 

Niteodiazona-phtholstophonio Acids. 

Although in some cases nitro-l-amino-2- 
naphthol- or nitro-2-amino-l-naphtholsulphonic 
acids have not been described, the corresponding 
diazo-compounds can be obtained by nitrating 
o - diazo - naphtholsnlphonic acids. 6 - Niko-l- 
diazo-2-napMhol-4-suIphonic acid (Geigy, G.P. 
164665 ; B.P. 15418, 1904) forms pale yellow 
crystals and couples with phenols and amines 
forming azo-dyes (Geigy, G.P. 169683 ; B.P. 
15982, 1904 ; cf. also p. 353d). Nitro-2-diazo-l- 
naphtholsulphonic acids are obtained from the 
diazo derivative of the aminonaphtholsulphonic 
acids by nitration with mixed acid (Gesellsch., 
B.P. 491398). Nitro-l-diazo-2-imphiJiol-6-sul- 
phonic and niiro-2-diazo-l-napht}iol-5-sulphonic 
acids give azo-dyes in which, with alkaline 
reducing agents, the nitro-radical can be con- 
verted into a diazotisable amino-group (KaUe, 
G.P. 176619). Coupled with a-naphthol and 
reduced, the resultant colours are after- chrome 
wool dyestuffs (Gesellsch., U.S.P. 1521206). 

Diaminonaphthols. 

These have no technical application. The 
free bases have only been isolated in three cases, 
being very rapidly oxidised on exposure of their 
solutions to air. A tabular summary is given 
of the hydrochlorides, the acetyl derivatives by 
which they may be characterised, and their sul- 
phonic acids. 

NH2:NH2:0H 

1:2:3 Unlmown. The 6-sulphonic acid is 
(3:4:2) obtained by reduction of azo-dyes 
from 2 - amino - 3 - naphthol - S-sul - 
phonic acid (Cassella, G.P. 233939 ; 
B.P, 15646, 1910). 

1:2:4 'Unknown. Diacetyl methyl ether, m.p. 

254° (Henriques, Ber. 1892, 25, 
3067) ; ethenyl derivative, needles, 
m.p. 179° (Heermann, J. pr. Chem. 
1892, [u], 45, 552), 

1:2:5 Unknown. 7-Sulphonic acid obtained 

5:6:1) by reduction of azo-dye formed by 
coupling diazotised i)-nitroanlline 
with 2-amino-5-naphthol-7-sulphonie 
acid in acid solution (Bayer, G.P. 
172319 ; B.P. 1676, 1905). 

1:2:7 Kot described. Obtained by reduction 

(7:8:2) of 7-hydroxy-[|S-]naphthaqumonedl- 

oxime. Hydrochloride, B,2HCI ; tri- 
acetyl derivative, m.p. 244-245° 
(Nietzki and Enapp, Ber. 1897, 30, 
1124). 

1:2:8 Not Isolated. Obtained by reduction 

(7:8:1) of sulphonanilazo - 2 - amino - 8 - 

naphthol (Badische, G.P. 90212; 
B.P. 15953, 1896). 

The 4-, 5-, 6-mono-, and 3:6- and 
5:7 -di-sulphonic acids have been 
obtained from the corresponding 2- 
amino-8-naphtholsulphouic acids (cf, 
Badische, l.c.), and the 6-monosul- 
phonic acid from2-amino-8-naphthol- 
6-suIphonlc acid (Bayer, G.P. 87900 ; 
B.P, 6035, 1893) by reducing the azo- 
dyes formed by coupling with di- 
azotised bases. 


Not isolated. Obtained by reduction 
of 2:4-dinitro-a-naphthol with tin 
and hydrochloric acid. Hydro- 
chloride, B,2HC1, scales, and sul- 
phate, B,H 2 S 04 - 1 - 2 H 20 , needles, are 
both rapidly oxidised in air to dl- 
imino-a-naphthol (Graebe and Bud- 
wig, Annalen, 1870, 154, 312); 
triacetyl derivative, needles, m.p. 
280°, decomp. (Meerson, Ber. 1888, 
21, 1198). 

The 7-sulphonic arid, obtained by 
reduction of Naphthol Yellow S, 
gives a hydrochloride, B.HCI, in 
needles (Gaess, ibid. 1899, 32, 232 ; 
cf. Bauterbach, ibid. 1881, 14, 2028), 
is not diazotisable, does not couple 
(cf. Aktienges., G.P. 86448; B.P. 
8645, 1895), and is readily oxidised 
to the dimijio-compound (Bauter- 
bach, i.c. ; Gaess, l.c.). 

1:3:5 Unknown. The 7-sulphonic arid, ob- 
(5:7:1) tained by digesting l:3-diamino- 

naphthalene - 5:7 - disulphonic acid 
with 60% caustic soda solution a 
210°, couples with diazotised base 
KaUe, G.P. 92239). 

1:3:8 Unknown. The 6-sulphonic arid, ob- 

(6:8:1) tained similarly from l:3-dlamlno- 

naphthalene - 6:8 - disulphom'c acid, 
couples with diazotised bases (KaUe, 
G.P. 92239). 

1:4:2 Not isolated. Obtained by reduction 
of diacetyl - 4 - nitro - 1 - amino - 2 - 
naphthol, or of azo derivatives of 1- 
amino - 2 - naphthol ; is rapidly 
o.xldised to blue oxazme in the air 
(Nietzki and Becker, Ber. 1907, 40, 
3397 ; cf. KaUe, G.P. 195901). 
Hydrochloride, B,2HCI, needles; N- 
diaeetyl derivative, m.p. 250-260°, 
decomp. (Kehrmann and Hertz, ibid, 
1896, 29, 1417). 

The 6-sulphonic acid, obtained by re- 
duction of azo derivative of l-amtuo- 
2-naphtho!-6-sulphonio acid, forms a 
hydrochloride, B.HCI (Nietzki and 
Becker, l.c. ; KaUe, l.c.). 

The 8-sulphonic arid, obtained by 
reduction of Crocein Y'ellow, forms 
a hydrochloride, B,HCi needles, 
readUy oxidised to the dilmino ' 
derivative, and is diazotisable 
(Nietzki and Zttbelen, ibid. 1889, 22, 
455). 

1:4:8 Not described. Obtained by reduction 
(6:8:1) of acetyl-4-nitro-l-ammo-8-naphthol 

(Fichter and Gageur, ibid. 1906, 39, 
3336). The 6-sulphonic arid is ob- 
tained by reduction of the azo-dye 
anUine l-anuno-5-naphthol-7-sul- 
phonlo acid (GeseUsoh., B.P. 399097). 
1.6.3 Unknown. The 7-sulphonic arid, ob- 

(4:8:2) tained by fusing l:5-djaminonaph- 
thaIene-3:7-dlsulphonio acid with 
90% caustic soda solution at 200- 
240°, forms needles sparingly soluble 
in hot water, and couples with di- 
azotised bases (CasseUa, G.P. 91000). 
1:5:8 Notisolated. Obtained by reduction of 
(4:8:1) 8-nitro-4-nitroso-a-naphthol (Fried- 
lander and Scherzer, cf. J.S.G.1. 1900, 
19. 339 ; Graebe and Oeser, Annalen, 
1904, 335, 155) ; or of azo deriva- 
tives of l-amtno-8-naphthol (Fichter 
and Gageur, Ber. 1906, 39, 3333). 
Hydrochloride, B,2HCI ; N-diacetyl 
derivative, needles, m.p. 247° • 
triacetyl derivative, m.p. 258° 
(Fichter and Gageur, Be.). 

1:6:2 M.p. 194° (c/. CasseUa, G.P. 117298; 

B.P. 16149, 1899). Obtained by 
reduction of l:6-dinitro-S-naphthol 
(Boewe, Ber. 1890, 23, 2543 ; Kehr- 
mann and Matis, ibid, 1898, 31, 2413). 
Hydrochloride, B,2HCI, needles ; N- 
diacetyl derivative, needles, m.p. 
235° ; triacetyl derivative, needles, 
m.p. 203° (Boewe, l.e. ; see also 
Kuggli and Zimmermann, Helv. 
Gbim. Acte, 1930, 13, 748). 


naphthalene. 

NH2:NH2:0H 
1:3:4 
(2:4:1) 
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NH2:NH2:0H 


1:7:2 


1:7:8 

( 2 : 8 : 1 ) 


1:8:4 

(4:6:1) 


2:3:8 

(6:7:1) 


2:6:1 


2:7:8 

(2:7:1) 


Presumably tlio A-stilphonic acid 
of tills dinmiiio is obtained by re- 
duetion of nltro-l-araluo-2-nnplitliol- 
4-suIplionic acid (Kallc, G.P. 240724) 
Scales, m.p. 220° (dccomp.). Obtained 
by reduction of the azo derivative 
of 7-nmino-2-naphthol (Cassclia, G.P. 
117298: B.P. 16149, 1899). Sul- 
. vfiate, spailngly soluble (Cassella, 
G.P. 117298; B.P. 16149, 1899); 
M-diacctt/I derivative, needles, m.p. 
226° ; triaectyl derivative, needles 
(Kchrmann and WoliT, Bcr. 1000, 
33, 1640). 

Not isolated. Obtained by reduction 
of 1 - amino - 7 -nitroso-8-napbtbol. 
Hydrochloride, B,2HCI, needles ; tri~ 
acetyl derivative, needles, m.p. 234° 
(Fichtcr and Gageur, ibid. 1906, 39, 
3338). 

The Z'.&'disulphonic arid, obtained 
by reduction of an azo derivative of 
l-nmino-8-naplithol-3:0 - dlsulphonlo 
acid, is not dlazotisable in acid solu- 
tion (Hdehst, G.P. 92012). The 4- 
mono- and 4;0-dl-Bulphonic acids, 
obtained similarly from azo deriva- 
tives of l-nmino-8-naphtliol-4-mono- 
and 4:0-dt-sulphonlc acids, are, like 
the 3:6-dIsulphonic acid, plioto- 
graphic developers (Schultz, G.P. 
101953). 

Not isolated. Obtnlncd*by reduction 
of 6 - nitro - 4 - nitroso - a - naplithol 
(Fricdlfindcr and Scherzer, c/. 
J.S.C.I., 1900, 19, 339 ; Oraebe and 
Ocser, Annalcn, 1904, 335, 152). 
Hydrochloride, B,2HCI. 
tTnknorvn. Tlio C-sulphonic arid, ob- 
tained by digesting 2:3-dlamino- 
naphthalono - 6:8 - disulphonic acid 
ndth 90% caustic pota.sh solution at 
190-200° forms'an niiminodcrlvatlvc 
with nitrous acid, and couples witli 
diazotlscd bases (Aktienges., G.P. 
86448 : B.P. 8645, 1895). 

Not isolated. Obtained by reduction 
of 6 - nltronaphthalcno - 2 - diazo - 1- 
oxidc. Triacelyl derivative, needles, 
m.p. 261°, dccomp. (Gacss and 
Ammclburg, Bor. 1894, 27, 2213). 
Unknown. The d-siilphonic arid, ob- 
tained by reduction of an azo 
derivative of 2-amlno-8-naphthol- 
O-suIphonic acid, is not dlazotisable 
in acid solution (Hochst, G.P. 92012). 


DIHYDROXYNAPHTHALENES. 

With the exception of the 1:2, 1:3, and 1:4 
derivatives the dihydroxynaphthalenes may bo 
obtained from the corresponding naphthalono- 
disulphonic acids or naphtholmonosulphonio 
acids by fusion with caustic alliali. Another, 
less general, method consists in heating di- 
aminonaphthalenes, aminonaphthols, or amino- 
naphtholsulphonic acids -with dilute mineral 
acids under pressure, whereby the amino-radical 
is replaced by hydroxyl and the sulphonic group, 
when present, eliminated : 


S 



The bisulphite method may also bo used with 
diaminonaphthalenes and aminonaphthols for 
the same purpose. 

1:2- and l:4-dihydrox3'nnphthnlcnos are pre- 
pared by reduction of the respective naphtha- 
quinoncs. 

All the possible ton dihydroxj'nnphthaloncs 
nro known. They are easily solublo in caustic 
nlkali solution, but onlj' sparing so in cold water. 
Alkaline solutions rapidl}- oxidise in air, be- 
coming dark in colour. 

ilcatcd with nminonia under pressure the four 
ap - dih 3 'dro.xynnphthnlcncs give p - amino - a - 
naphthols ns intermediate products. 

In the reaction of 1:2-, 1:1-, 1:.'3-, and 2:7- 
^',■ith bisvdphitc, leading 
to formation of an additive intermediate, one, at 
least, of Iho hydroxyl groups probably- under- 
goes tautomeric change to the ketonic form. 
The reaction, in presence of ammonia, maj' bo 
used to prcpnTC ammounphtbota \V'nvba mad 
Stjx, Ber. 1922, 55, [B], 658; Euchs and Pirak, 
ibid. 1926, 59, [B], 2451). 

tVith nitrous acid the heteronuclcal dihj’dro.xj'- 
naphthnlcnes yield mononitroso-compounds, 
wliicb, when the nitroso-group occupies the 
or/Ao-posilion, furnish lakes with chromium or 
iron salts. The nitroso derivative formed from 
the monoalkj'l ctlier of liS-dih^alro.vv'naphtha- 
Iciic is said closelj* to re,«omblc 2-nitroso-a- 
naphlhol, and that from the 2:6- or 2:7-di- 
hydroxj’ derivative, l-nitroso-^-naphthol in 
properties. 

idanj' of the dihydroxj'naphthnlencs form 
molecular compounds with amines (Krcmnnn, 
Hommclmnyer, and Biemcr, Monatsh. 1922, 43, 
16-1 ; Brincr and Kuhn, Holv. Chim. Acta, 1929, 
12, 1075). The 1:2- and 2:3-dihj'dro.x3'nnphtha- 
IcTics increase tho electrical conduct ivitj’ of boric 
acid, tho latter having tho greater cfTcct 
(Boesoken, Anoma, and Brevet, Roc. trav. Chim. 
1922, 41. 778). 

Of tho dihydroxjTiaphtlialones, the most im- 
portant for dj’cstufis tccimologj' is tho 1:5- 
isomor, which enters into tho composition of 
important mordant dyes giving fast black 
chromed shades on wool ; sulphonic acids of tho 
l:8-isomcr arc also used for making such azo- 
dj'cs. 

(i) 1:2- Dihydroxynnphthalene is ob- 
tained by reducing [^-]nnphthnquinono with 
sulphurous acid in tho cold. It is also obtained 
by heating l-nmino-2-naphthol-G;S-disulphonic 
acid with water under pressure above 200° 
(Bayer, G.P. 89242). 

Identification.— It forms scales, m.p. 60°, dis- 
solves in allcalis forming j'ollow solutions, which 
turn green in air, and, in aqueous solution, have 
a Bovoro caustic action on tho skin. Tho 
diacctatc forms scales, m.p. 110°; tho l-mclliyl 
ether, monoclinic plates, m.p. 90-5° ; tho 
dimethyl ether, m.p. 31°, b.p. 278-280° (Bozdzik 
and Eriedlttndor, Monatsh, 1909, 80, 280). 

Jtcactions. — ^It couples with diazotised bases 
forming azo-dyes, which give red to bluish-violot 
lakes with aluminium or chromium salts. In 
aqueous solution it is o.xidiscd by ferric chloride, 
giving [p-'\naphthaquinone (Zincko, Annalen, 
1892, 268, 275). With nitric acid (p 1-48) it 
I yields ^•nUro-[P-1naphtliaquinone. 
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(ii) 1:3- Dihydroxynaphthalene is ob- 
tained by boiling l-amino-3-naphthol with 
dilute acid (Friedlander, Ber. 1895, 28, 1962) ; 
or by beating l-ainino-3-na|)bthol-4-sulphonic 
acid with water or dilute acid at 120“ (Fried- 
lander and Eiidt, ibid. 1896, 29, 1609 ) ; or by 
heating 2-annno-4-naphthol-8-sulphonic acid, 
l:3-dihydroxynaphthalene-7'niono-, or -5;7-di- 
sulphonic acid with 6% sulphuric acid at 236°. 

Identification. — It crystallises from water in 
scales, m.p. 124°. It is almost insoluble in 
benzene. In alkaline solution it is rapidly 
oxidised. With ferric chloride it gives a yellow- 
brown precipitate. The diacetate, prisma, has 
m.p. 56°. 

Beaclions. — It couples with diazotised bases in 
alkaline or weakly acid solution, giving azo-dyes 
characterised by their yellow colour. By diges- 
tion with 60% caustic soda solution at 180-200° 
it is converted into o-ioluic acid (KaUe, G.P. 
79028). When heated with aqueous ammonia 
at 130-140° it yields Z-amino-A-napMhol or 1:3- 
diaminonaphlhalene, and with anUine, 2-anilino- 
i-naphthol. Condensed with phthalic anhydride 
and either phosphoric oxide at 130° or zinc 
chloride at 200°, it gives naphthafluorescein 
(Bapr, G.P. 84990 ; B.P. 3497, 1895). 

(iii) 1:4- Dihydroxynaphthalene is pre- 
pared by reducing [a-]naphthaquinone with sul- 
phurous acid, or with tin and boiling aqueous 
hydrochloric acid. 

Identification. — It crystallises in needles, m.p. 
176°, and is readily soluble in alcohol, ether or 
boiling water; sparingly so in benzene. On 
oxidation it yields [a-lnaphthaquinone. The 
diacetafe forms tablets, m.p. 128-130°. The 
monomethyl ether, needles, m.p. 131°, is obtained 
by the action of 18% methyl- alcoholic hydrogen 
chloride in the cold ; the monoethyl ether, 
needles, m.p. 105° is prepared by boiling with 
3% ethyl-alcoholic hydrogen chloride (Badische, 
G.P. 173730 ; B.P. 7287a, 1906 ; Russig. J. pr. 
Chem. 1900, [ii], 62, 50). These ethers may also 
be obtained by heating l-amino-4-naphthol 
hydrochloride with the alcohol under pressure 
at 170-180° (Hochst, G.P. 234411). The mono- 
ethers couple with diazotised aminosulphonic 
acids to form ortho-azo-dyes (Badische, G.P. 
176640 ; B.P. 7287, 1906). The dimethyl ether 
forms needles, m.p. 85°. 

With ammonium sulphite and ammonia 1:4- 
dihydroxynaphthalene gives hi-amiTwvaphthol 
(Fuchs and Pirak, Ber. 1926, 59 [B], 2454). 

(iv) l:5-Dihydroxynaphthalene is formed 
by melting potassium a-naphthol-S-sulphonate' 
with caustic potash at 200-250°, but is usually 
manufactured by heating sodium naphthalene- 
l:5-disulphonate with caustic soda at 220-260°. 
It may be obtained by heating l:5-diamino- 
naphthalene or l-amino-5-naphthol with 4% 
hydrochloric acid imder pressure at 180° ; or 
by the bisidphite method (Bucherer. J. pr. 
Chem. 1904, [ii], 69, 84). It is an important 
dyestuffs intermediate. 

Identification. — ^It crystaUises from water in 
scales, m.p. 265°, sublimes in needles, is almost 
insoluble in benzene, reduces silver solution, and, 
in alkaline solution, becomes dark brown on 
exposure to air. The diacetate, m.p. 169-160°, 
forms feathery crystals ; the dibenzoate, m.p. 


235°, scales (Fischer, ibid. 1916, [ii], 94, 14); 
the monomethyl ether, m.p. 140°, leaflets; the 
dimethyl ether, m.p. 183-184°, needles. 

Reactions. — It couples with most diazotised 
bases forming para-azo-dyes but the ortho-nzo- 
compound with diazotised o-aminophenols 
(Fischer and Bauer, ibid. 1917, [ii], 95, 266 ; v. 
Vol. IV, p. 1985). With nitrous acid it gives the 
2-mtroso derivative (Read, Holliday & Co., 
G.P. 68809 ; B.P. 1812, 1890). Oxidised with 
chromic acid it gives juglone (6-hydrow/-[a-]- 
naphthaquinone). Sulphonated with sulphuric 
acid at 50-60° it yields a mixture of the 2- and 
i-monosulphonic acids; at 100-160° it gives a 
disulphonic acid. Digested with ammonia at 
250-300°, or by the bisulphite reaction, it yields 
l:5-diaminonaphthalene. The diacetate chlorin- 
ated in carbon tetrachloride at room tempera- 
ture gives the i-.S-dichloro derivative, m.p. 143°, 
from %vhich 4::8-dichloro-l:5-dihydroxynaphtha- 
lene, m.p. 194°, is obtained by hydrolysis 
(Wheeler and Mattox, J. Amer. Chem. Soc. 1933, 
55, 686). Bromination of the dihydroxynaph- 
thalene in acetic acid gives the 2:Q-dibromo 
derivative Idiacetate, m.p. 228°) ; bromination of 
the diacetate gives 2:4:6:8-<efra5romo-l:6-<ii- 
acetoxynaphthalene (Wheeler and Ergle, ibid. 
1930, 52, 4872). Heated with potassium hydro- 
gen carbonate under pressure at 230°, a dicar- 
boxylic acid, m.p. 300°, probably the 2:6 
derivative, is formed (Hemmelmayer, Monatsh. 
1922, 43, 61). 

(v) l:6-Dihydroxynaphthalene may be 
obtained by desulphonation of l:6-dihyi:oxy- 
naphthalene-4-sulphonic acid with sodium amal- 
gam. It is prepared by fusion of sodium 
naphthalene-l:6-disu]phonate with caustic soda 
at 230-250° (Ewer and Pick, G.P. 45229) ; or 
from j8-naphthol-5-sulphonic acid by fusion with 
caustic potash and a httle water at 260°. 

Identification. — ^It crystallises from benzene 
in small prisms or serrated scales, m.p. 137- 
138°, sublimes in scales, is only sparingly soluble 
in water and with ferric chloride gives a tran- 
sient blue coloration. The diacetate, m.p. 73°, 
forms prisms ; the dimethyl ether, m.p. 60-61°, 
needles ; the diethyl ether, m.p. 83°, needles 
(Fischer and Bauer, J. pr. Chem. 1916, [ii], 
94, 2). 

Reactions. — ^It couples with diazobenzene in 
acid solution to give a mono-, in p5rridme solu- 
tion a bis-, and in strongly alkaline solution a tris- 
azo-compound (Fischer and Bauer, l.c.). With 
nitrous acid it gives mainly the red 2-nitroso 
derivative, with some of the yellow 4,-nitroso- 
compound. Digested with ammonia at 160- 
300° it gives l-.Q-diaminonapMhahne. Heated 
with mixed potassium carbonate-bicarbonate, 
in absence of water it gives a monocarboxylic 
acid (Hemmehnayr, Monatsh. 1917, 38, 86). 
Heated with an equal weight of phthalic an- 
hydride at 180-200° it gives 3:ll-dihydroxy- 
naphthafluoran, which forms oxonium salts with 
acids (Fischer and Konig, Ber. 1917, 50, 1011 ; 
Hochst, G.P. 276897 ; Konig, Chem.-Ztg. 1914, 
38, 483), but, if boric acid is present, the product 
is l:8-dihydroxynaphthoyl-o-benzoic acid, which 
has a particularly sweet taste (GeseUsch., G.P. 
311213). 
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(vi) l:7-Dihydroxynaphthalene may bo 
obtained by fusing j3-naphtbol-8-sulphonic acid 
nvitb caustic potash (Baj'or, G.P. 63915; B.P. 
14230, 1889) ; or, in 70-80% yield, by heating 
l:7-dihydroxynaphthalene-3-mono-, or -3;G-di- 
sulphonic acid, or 2-nmino-8-naphthol-G-inono-, 
or -3:6-di-sulphonic acid u-ith dilute sulphuric 
acid under pressure at 185-200° (I.G., B.P. 
366600). 

Identijicalion.—lt crj'stallises in needles, m.p. 
178°, is moderately soluble in ^vatcr and readily 
soluble in benzene. Its alkaline solution rapidly 
oxidises in air, turning black. With lerric 
chloride it gives, at first, a white turbidity which 
with more reagent becomes blue (Fricdlander 
and Zinberg, Ber. 1890, 29, 40). The diacclatc, 
m.p. 108°, forms rhombic tables. 

Reactions . — In allvalino solution it couples 
with diazotised o-aminophcnolsulphonic acids 
giving monoazo-d3’es. With nitrous acid it gives 
a mononitroso derivative (Ba3'cr, G.P. 53916). 
The sodium salt heated with carbon dioxide 
imder pressure at 140° gives hl-dthydrory-P- 
naphthoic acid (Heyden, G.P. 55414). 

(vii) l;8-Dihydroxynaphthalcne is ob- 
tained by fusing naphthnsultono or a-nnphthol- 
8-sulphonic acid with 76% caustic potash at 
220-230° (Erdmann, Annalcn, 1888, 247, 35G) ; 
or by heating a-naplithylaminc-8-sulphonic acid 
with 9% caustic soda solution under pressure at 
220-260°; or from l:8-diaminonaphthalcne b3' 
hydrolysis with 17% hydrochloric acid under 
pressure at 180°. It is convenicntl3' prepared b3’ 
heating l:8-dihydroxynaphthalcnc-4-sulphonio 
acid with 20% sulphuric acid at 100-200° 
(Heller and Ejretzschmann, Bor. 1921, 54 [B], 
1098 ; cf. Bayer, B.P. 13GG5, 1889). 

Identification . — ^It cr3'stallisc3 in long needles, 
m.p. 140°, or with IHjO in scales, oxidises 
rapidly, when moist, in air, is only sparingl3' 
soluble in water, but readily soluble in benzene. 
With ferric chloride it gives a white flocculont 
precipitate which rapidly turns green. The 
diacetate, m.p. 147-148°, forms scales. 

Reactions . — In acid solution it couples with 
diazotised bases to form 4-raono-azo-dycs 
(Badische, G.P. 61669) ; in alkaline or dilute 
acetic acid solution it gives 4:7-disazo-d3'es 
(Fricdlander and Silverstem, Jlonatsh, 1902, 23, 
618). With nitrous acid it yields a mononitroso 
derivative. It cannot readily bo nitrated, but 
its diacetyl derivative yields 2:4:-dinitro-8- 
acetoxy-a-naphthol (Calvet and Carncro, J.C.S. 
1936, 656). On oxidation with chromic acid 
it yields 5-hydroxy-[a-']naphthaquinone ; with 
peracetic acid, a resinous product, but the 
methyl ether with the latter yields 8-methoxy- 
[a-'inaphthaquinone, together with, possibty, 
'l-methoxyindenone-2-cai^oxylic acid (Boosoken 
and Smitt, Rec. trav. chim. 1939, 58, 126) . The 
sodium salt, heated with carbon dioxide under 
pressure at 140°, yields l:8-dihydroxy-B-naph- 
thoic acid (Heyden, G.P. 65414). Warmed with 
s^phuric acid at 60° it gives a mixture of three 
disulphonic acids (Badische, G.P. 79029 • 
79030; B.P. 14294, 1891). 

Condensed with acyl chlorides or anhydrides 
m presence of zinc chloride at 140-160°, yellow 
or orange dihydroxyketones {e.g., \-.8-dihydroxy. 


2-acetonaphthonc, needles, m.p. 100-101°, and 
benzonaphthonc, needles, m.p. 121-122°) aro 
obtained. These form lakes with alumina 
(Lange, G.P. 12G199 ; 129035 ; 129036). 

(viii) 2:3-Dihydroxynaphthalene is ob- 
tained by fusing )3-naphthol-3:6-disulphonio acid 
or 2:3-dih3’drox3'naphthnlenc-6-.sulphonio acid 
with 90% caustic soda at 280-320° (Badische, 
G.P. 67625) ; or by hydrolysing the latter with 
26% sulphuric acid at 200° ; also by heating 2- 
nmino-3-nnphlhol-O-sulphonic acid with dilute 
mineral acid under pressure at 1 80-200° (Hochst, 
B.P. 7307G ; Fricdliindcr and Zakrzowski, Ber. 
1891, 27, 7G2). 

Identification . — It forms monoclinic scales 
(Siegmund, Jlonatsh. 1908, 29, 1087), m.p. IGO- 
1G1°, sparingly soluble in water, giving wdth 
ferric chloride’n dark blue coloration or precipi- 
tate. The mononicthyl ether, m.p. 108°, forms 
needles; tbe dimethyl ether, m.p. 115-llG, 
needles; the monocthyl ether, m.p. 109-110°; 
the diethyl ether, m.p. 0G-97° (Fricdlander and 
Silberstem, Mona(*(h. 1002, 23, 619). 

Reactions . — In weak acid (acetic acid) solution 
it couples with diazotised b.nsos to form 1- 
mononzo-d3'cs, in alkaline solution Itl-disnzo- 
d3'cs. B3’ the bisulphite method at 80°, or 
when digested with 30% ammonia at 140-160°, 
it gives 2‘amino-8-naphthol, but at 260°, 2:3- 
diaminonaphthalcnc. It forms co-ordinated com- 
pounds with iron, aluminium, and arsonic acid. 
The aluminatcs are colourless, but, with ferric 
iron, two series aro formed, one red (co-ordina- 
tion number— G), the other violet (co-ordination 
number=4) (Weinland and Scuirort, -•\rch. 
Pharm. 1028, 266,455). 

(ix) 2:0 - Dihydroxynaphthalcne is ob- 
tained b3' fusing sodium naphthatono-2:G-diaul- 
phonato or sodium ^-nnphthol-G-sulphonato with 
caustic potash (Emrncrt, Annalcn, 1837, 241, 
309). 

Identification . — It forms rhorab-liko scales, 
m.p. 218° (Willstiittcr and Parnas, Ber. 1907, 
40, 1410), is sparingly soluble in water (1-08 g. 
in 1 litre at 14°) or in light petroleum. Alkaline 
solutions show a strong blue fluorescence. With 
ferric cldoride a 3'cllowiHh-whito precipitate is 
formed. It has a strong caustic elTect on the 
skin. The diacctatc, m.p. 175°, forms scales; 
the monomethyl ether, m.p. 13G°, lustrous flakes 
(Windaus, ibid. 1924 , 57 [B], 1738); the 
dimethyl ether, m.p. 150°, rliomb-liko scales; 
the diethyl ether, m.p. 102°, scales. 

Reactions . — ^In weak acid (acetic acid) solution 
it couples with diazotised bases to form 1-mono- 
azo-dyes (Kohrmann, ibid. 1907, 40, 1962), in 
alkaline solution a mixture of l-monoazo- with 
disazo-dyes (Kaufler and Brauer, ibid. 1907, 40, 
3274). With nitrous acid it gives the 1-nitroso 
derivative. The dimethyl ether on nitration 
gives the 1-nitro and l:5-dinitro derivatives 
(Chakravarti and Pasupati, J.C.S. 1937, 1859). 
It is oxidised by lead dioxide in boiling benzene 
to 2i8-naphpiaquinonc. With ammonia at 150- 
3p0° it gives 2\8-diaminonaphthalcnc •, with 
aniline at 170° 2'.8-dianilinonaphlhalcne. It also 
forms additive compounds with ammonia 
(Brincr and Kuhn, Helv. Chim. Acta, 1929, 12, 
1087). With sulphuric acid at 6° it gives a 
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sulphonic acid, possibly the 4 derivative (Bayer, 
G.P. 72222) or the VS-disuVphonic acid (Jacchia, 
Annalen, 1902, 323, 114); at 100° it gives a 
disulphonic acid. 

{%) 2:7-Dihydroxynaphthalene is obtained 
by fusing sodium naphthalene-2:7-disulphoiiate 
vdth caustic soda at 290-300° (Weber, Ber. 1881, 
14, 2206) ; or, similarly, from )3-naphthol-7-sui- 
phonic acid (Pfitzinger and Duisberg, ibid. 1889, 
22, 398). It may also be obtained from 2:7- 
dihydToxynaphthalene-3:6-disulphonic acid by 
heating with 20% sulphuric acid at 200°. 

Identification. — ^It forms needles, m.p. 190°, 
dissolves readUy in hot water, is sparingly 
soluble in benzene, gives no coloration ivith 
ferric chloride, but blackens rapidly in alkaline 
solution. The diacetate, m.p. 136°, forms scales ; 
the dibenzoate, m.p. 138-139°, scales; the 
monomethyl ether, m.p. 117°, needles, its acetate, 
m.p. 130°, needles, and its wifroso-compound, 
m.p. 129°, scales (Fischer and Hammerschmidt, 
J. pr. Chem. 1916, [ii], 94, 24) ; the dimethyl 
ether, m.p. 138°, tablets ; the diethyl ether, m.p. 
104°, scales. 

Reaction. — ^In alkaline solution it couples with 
1 mol. of diazotised bases to give 1 -monoazo- 
dyes (Kaufler and Brauer, Ber. 1907, 40, 3274), 
or with 2 mol. to give l;8-disazo-dyes (Cassella, 
G.P. 108166 ; B.P. 9502, 1899). With nitrous 
acid it pelds the 1-nitroso derivative which, 
with iron salts, gives a Naphthol Green (Leon- 
hardt, G.P. 68611). With sulphuric acid at 
100° it gives 2-.l-dihydroxynaphthalene-3-.Q-disul- 
phonic acid. Digested with ammonia at 160- 
300° or by the bistdphite reaction, it yields 2:7- 
diaminonaphthalene. With aniline at 190° it 
gives I -anilino-2-naphthol ; with arylamines in 
the presence of arylamine hydrochlorides at 
140-150°, 2;7-diarylaminonaphihalenes. Bromine 
in acetic acid gives, at 5°, the 3-bromo- and, at 
100°, the 3:6-dibromo~ derivative (Joffe and 
Fedorova, J. Gen. Chem. Russ. 1936, 6, 1079; 
A. 1937, II, 15). 

Dieydboxynaphthalenesulphonic Acids. 

Dihydroxynaphthalenesulphonio acids are 
usually obtained from naphthol-di- or -tri-sul- 
phonio acids, from naphthylamine-di- or -tri-sul- 
phonic acids, or from aminonaphtholsulphonic 
acids. The process involves fusion with 60-76% 
caustic soda at temperatures of the order 180- 
230°. The general rules found to govern these 
processes may be summarised as follows : 

1. Replacement of amino- by hydroxyl: In 
a-naphthylaminesulphonic acids the replace- 
ment most readily occurs when the sulphonic 
group is in the 3-, 4-, or 5-position. With fi- 
naphthylaminesulphonic acids the exchange does 
not occm-. 

2. Replacement of sulphonic by hydroxyl: 

(a) From a-naphtho!sulphonic acids, the sul- 
phonic group in the 8-position is most 
easily replaced, then that in position 5 ; 
that in the 2- or 4-position resists re- 
placement. From ^-naphtholsulphonic 
acids the sulphonic group in the 4-, 5-, 
and 8-position is easily displaced ; that 
in 1- or 6-position resists replacement. 


(6) From a-naphthylaminesulphonic acids the 
order of replaceability is similar to that 
from a-naphtholsulphonic acids, the 4- 
sulphonio group resisting replacement 
as is shown by the production of 1:6- 
dihydroxynaphthalene-4-sulphonic acid 
from a-naphthylamine-4:6-diaulphonic 
acid. In the )3-naphthylaminesulphonio 
acids the 4- or 5-suiphonio group is more 
easily replaced than that in the 8- 
position, otherwise the order is similar 
to that given by the )3-naphtholsulphonic 
acids. 

An important exception to these rules is the 
fact that fusions which might be expected to 
give l:3-dihydroxynaphthalene sulphonic acids 
usually lead to decomposition and the formation 
of hydroxytoluic acids : 



(KaUe, G.P. 91201 ; B.P. 16569, 1894; H6chst, 
G.P. 81281; 81333). 

The a-aminonaphtholsulphonic acids are con- 
verted to the dihydroxynaphthalenesulphonio 
acids by the action of water or dilute mineral 
acid (6%) under pressure at elevated tempera- 
ture. With ;8-aminonaphtholsulphonic acids 
'(except 2-amino-3-naphthol-6-sulphoDio acid) 
the exchange takes place only when one of the 
other substituents, usually the hydroxyl group, 
is present in the 4-position. Thus 2:4-dihydroxy- 
naphthalene-7-sulphonic acid may be prepared 
by fusing j5-naphthylamine-4:7-disulphonic acid 
with caustic potash at 215°, followed by heating 
the 2:4'aminonaphthol-7-sulphoiiic acid thus 
produced with water at 200°. 

Less general methods of preparation, applied 
in a few cases only, are the bisulphite method 
and reduction of [o-] or [j3-]naphthaquinonesul- 
phonic acids. 

The dihydroxjmaphthalenesulphonic acids and 
their alkali salts are easily soluble in water, the 
solution made alkaline usually showing fluores- 
cence. Heated with dilute mineral acids above 
200°, many of them furnish the corresponding 
dihydroxynaphthalene by loss of the sulphonic 
acid group. They give colour reactions with 
ferric chloride and bleaching powder solutions 
by which they may be characterised. They also 
give characteristic azo-dyes when coupled with 
certain diazotised bases. 

Certain of these acids, in particular the 1:8- 
dihydroxynaphthalene-4-sulphonic and the 2:4- 
and 3:6-disulphonic acids, are or have been 
used for the manufacture of chromable azo-dyes 
for wool [v. Dyestotts, Azo, Vol. IV, 204d). 
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DiHYPROXYNAPnTHALENEMONOSULrnONIO AOEDS. 


Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

0:0:S 

1:2:4 

(1) Keduction of [j3-]nnphtlinquinone-4-sul- 

phonio acid witli sulphurous acid (Witt and 
Kaufmann, Per, 1891, 3163), 

(2) Action of sodium bisulphite solution on 
[fl-]naplithaquinono (Bayer, G.P. 70807 ; 
S.P. 825, 1893). 

(3) Quantitatively on e.\-po 3 ure of suspension 
of i-dlazo-2-naphthol-4-BulphonIo acid tp 
light (Schmidt and Maler, Bor, 1931, 64 [B], 
707). 

Sodium salt, needles; potassium s.alt, spar- 
ingly soluble prisms. Alkaline solution 
exposed to air turns red, forming 
2'}ii/drori/-[a-]naphlfiaquinoue. 

Xilrous acid regenerates l^-]>iaptiUiaQuiiwne- 
4-sulphonic acid. 

Docs not couple (e/. Bayer, G.P. 85241). 

1 : 2:6 

Beductlon of fl3-]naphthnqulnono-C-Bulphonlc 
acid -vTith sulphurous acid (Witt, ibid. 1891, 
24, 3164: G.P. 50500; Paul, Z. angew. 
Chem. 1897, 10, 61). 

Ammonium salt, NH 4 A, readily soluble leaf- 
lets. 

Couples with dlnzotlscd bases forming azo- 
dyes, which give lakes with chromium and 
other oxides (Witt, l.c. ; G.P. 49372). 

1:2:5 

1:2:7 

1 : 2:8 

These aelds are obtained by reduction of the 
corresponding [S-]naphthaquinoncsulphonlc 
acids (Witt, Lc., 3157). 

No description published. 

1:3:5 

2-Anilno-4-nnphthol-8-8ulphon]o acid heated 
with water at 180-200° (Bayer. G.P. S5241 ; 
B.P. 3580, 1895). 

AUaN Salts form yellow solutions which show 
green fluorescence. 

Gives dirty green coloration with ferric 
chloride. 

Couples with dlazollsed bases. 

1:3:6 

(1) 1 - Amino - 3 - naphthol • 0 - sulnhonic acid 
heated ulth water at 120° (Fricdlllnder and 
llUdt, Ber. 1890, 29, 1013). 

(2) 2 - Amino - 4 - naplithol • 7 - sulphonic acid 
heated with water at 200° (Bayer, G.P.n. 
7978 : B.P. 25214, 1894). 

Alkali salts very soluble ; show green fluores- 
cence in alkaline solution ; barium .salt, 
BjA;. readily soluble needles (Fricdlllnder 
and Rtldt, l.c.). 

Couples with diazotised ba.«c 3 (cf. Bayer, G.P. 
84091 ; B.P. 3580, 1895). 

1:3:7 

1:3 - Diliydroximaphthalene - 6:7 - dlsulphonlc 
acid heated with 5% sulphuric acid under 
pressure at 210° (Bayer, G.P. 90378). 

Alkali salts give yellow solutions wiilch show 
Intense green fluorescence. 

Gives bluish-black coloration witli ferric 
chloride. 

Couples with diazotised bases (cf. Bayer, G.P. 
80100; B.P. 4002, 1895). 

1:5:2 

(1) Together with the 4-acld when l:5-dl- 
hydroxynaphthaicne is warmed witli sul- 
phuric acid at 50-00° (Buchcrer and Uhl- 
mann, J. pr. Clicra. 1909, [il], 80, 235). 

(2) a-Naphthol-2;5-di8ulphonlc acid heated 
with 60% caustic soda at 260° (Bayer, G.P. 
68344 ; B.P. 3397, 1890). 

Acid sodium salt, readily soluble leaflets ; the 
alkaline solutions sliow blue fluorescence. 
Gives bluish-green coloration with ferric 
chloride. 

Couples with diazotised bases (cf, Bayer, l.c.). 

1:5:3 

Naphthalone-l:3:5-trlsulphonic acid fused 
with caustic alkali (Bayer, G.P. 100708 ; 
B.P. 18669, 1902). 

Couples with dlazollsed bases (Bayer, l.c.). 

1:5:4 

Together with the 2-acld (sec snprd) when 1:5- 
dihydro.vynaphthalene is wanned with sul- 
phuric acid at 60-00°. 

Calcium salt forms a sparingly soluble double 
salt with calcium sulphate. 

Couples with diazotised Ija.scs. 

1:5:7 

Prom l-amino-5-naphthol-7-8ulphonlc acid by 
the bisulphite reaction (Buchcrer and Uhi- 
mann, J. pr. Chem. 1909, [11], 80, 238). 

Acid, scales, crystallises witli i mol. of alcohol. 
Couples witli diazotised bases. 

1:6:3 

(1) Fusion of naphthalene-l:3:0-trisulphonlo 
acid with 90% caustic soda at 250° 
(Aktienges., G.P. 42201 ; Bayer. G.P. 
03015 ; cf. KaUe, G.P. 89001). 

(2) 1 - Amino - 6 - naphthol - 3 - sulphonic acid 
heated with water at 200° (Cassclla, G.P.n. 
5020). 

(3) From 2-amino-5-naphthol-7-sulphonic acid 
by the bisulphite reaction (Badlsche, G.P. 
126136 ; B.P. 1387, 1900 ; Buchcrer, J. pr. 
Chem. 1904, [11], 69, 83). 

Sodium salt, sparingly soluble, shows In 
alkaline solution rcddlsli-bluo fluorescence. 
Gives green coloration with ferric chloride. 
Forms a yellow easily soluble nltroso-com- 
pound (Casseila, l.c.). 

Couples with diazotised bases (Bayer, G.l’. 
85241 ; B.P. 3580, 1896 ; Casseila, l.c.). 

1:6:4 

Fusion of a-naphthylamlne-4:0-disulphonio 
acid (Dahl, G.P. 67114 ; B.P. 735, 1890) ; 
or of a-chloronaphthalene-4:6-dl8ulphonic 
acid with caustic soda at 210-220° (Rudolph, 
G.P. 104902). 

Acid and acid sodium salt, sparingly soluble 
leaflets ; alkaline solutions siiow violet 
fluorescence. 

Forms a sparingly soluble yellow nilroso 
derivative (Rudolpli, l.c.). 

Gives green coloration with ferric chloride. 

Couples with diazotised bases (Dahl, l.c.). 
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DxHyDE0XYNAPHTHALENEM0NOS0i.PH0iac AciDS — couHnued. 


Constitu- 

tion. 



Preparation. 


Prom 2-anuno-5-naplithol-l-snlphonic acid by 
the bisulphite method (Bucherer and Wahl, 
J. pr. Chem. 1921, [il], 103, 253). 

(1) Ptision of jS-naphthol-6:8-disuIphonIc acid 
uith caustic soda at 220-230° (Hochst, 
G.P.a. 4153 ; B.P. 9642, 1889 ; cf. Bayer, 
G.P. 85241). 

(2) Digestion of 2-amino-8-naphthoI-6-snl- 
phonio acid with water under pressure 
ILeman, Bull. Soc. clmn. 1941, [y}, 8, 576). 

(1) Fusion of 2-caTboxy-a-naphthol-4;7-disul- 
phonlc acid with caustic alhaii at 230-290° 
(Bindsch.. 6.P. 81938 ; B.P. 4629, 1894). 

(2) 1:7 - Dihydroxy - 2 - carhoxynaphthalene - 
4-Bulphonio acid heated with 30% caustic 

" soda under pressure at 140-160° (Bindsch., 
G.P. 83965). 


Acids, salts, and reactions. 


Acid sodium salt, readily soluble needles ; 

alialine solutions show blue fluorescence. 
Gives green coloration with ferric chloride. 
Couples with diazotised bases ; with tetrazo- 
tised bases it gives disazo-dyes (1.(1., B.P. 
342807. For preparation of esters, see 
I.G., B.P. 353578). 


Acid and acid salts, readily soluble ; alkaline 
solutions show violet fluorescence. 

Gives green coloration with ferric chloride. 
Couples with diazotised bases. 


l-Amino-8-naphthol-7-sulphonio acid heated 
with lime and water under pressure at 260° 
(Bayer, G.P.a. 7509), 


(1) a - Kaphthylamine - 3:8 - disulpbonic acid 
heated with 9% caustic soda under pressure 
at 220-250° (Hochst, G.P.a. 7112). 

(2) Digestion of a-naphthol-3:8-disulphonic 
acid or of a-naphthol-6;8-disulphonlc acid 
with 50% caustic soda at 170-210° (Kalle, 
G.P, 82422). 

(3) l-Ataino-8-naphthol-3:5-disulphonlc acid 
heated with water at 200° (Leonhardt, 
G.P.a. 8626 ; B.P, 19253, 1895 ; Cassella, 
G.P, 108848). 


Acid sodium salt, needles, shows reddish-violet 
SnoTcsceDce in solution. 

Gives green coloration with ferric chloride. 
Couples with diazotised bases. 

Acid sodium salt, sparingly soluble needles ; 
alkaline solutions show blue fluorescence 
(Kalle, l.c.). 

Gives green coloration with ferric chloride 
(KaUe, l.c.'). 

Couples with diazotised bases (cf. Bayer, G.P. 
85241). 


(1) Fusion of the following with caustic alkali 
or caustic alkali solution : o-naphthol-4:8- 
disulphonic acid (Bayer, G.P. 54116; 
67829 ; B.P. 13665, 18517, 1889) or a- 
naphthol-5:8-disulphonic acid, or its sultone 
(Bayer, G.P . 80667 ; B.P. 1227, 1894) ; also 
of a-naphthylanilne-4:8-disulphonlc acid 
(Bayer, G.P. 71836 ; Badische, 6.P. 
91855 ; B.P. 9894, 1893) ; or a-naphthyl- 
aniiue-5:8-dlsulphoiiic acid (Bayer, G.P. 
77285 ; B.P. 1227, 1894) ; also of l-amino- 
8-naphthol-4-sulphonic acid (Bayer, G.P. 
75319 ; 80315) ; or l-amino-8-naphthol-5- 
BUlphonic acid (Bayer, G.P. 75055 ; B.P. 
15269, 1893). 

(2) l:8-Dianiinonaphthalene-4-sulphonic acid 
heated with milk of lim e at 230° (Cassella, 
G.P. 75962). 

(3) From l-anilao-8-naphthol-4-su]phonic acid 
(Bayer, G.P. 109102 ; B.P. 16807, 1899), or 
5-sulphonic acid (Bucherer, J. pr. Chem. 
1904, [iil, 69, 86) by the bisulphite reaction. 

Fusion of S-naphthol-3:6-disulphonic acid 
with caustic soda at 240-280° (Badische, 
G.P. 57525 ; B.P. 15803, 1890 ; Hochst, 
G.P.a. 4153 ; B.P. 9642, 1889 : Fiiedlander 
and Zakrzewski, Ber. 1894, 27, 762). 


The acid described as 2:6-dibydroxynaphtha- 
lene-4-sulphonic acid (Bayer, G.P. 72222) 
is considered by Jacchia to be a disulpbonic 
acid (Annalen, 1902, 323, 131). 

Fusion of )S-naphthol-3:7-disuIphonic acid 
with caustic alkali (cf. Aktienges., G.P. 
63956 ; Bayer, G.P. 85241). 


Acid forms three series of salts, all easily 
soluble; monosodium salt, NaHjA, silky 
leaflets ; disodium salt, Na 2 HA-t- 2 H 20 , 
leaflets; monoftarium salt, BaH 4 A 2 , needles; 
dibarium salt, BaHA-f I JH 2 O (Bayer, G.P. 
67829; B.P. 13665, 1889). Basic salts 
(trisodium, etc.) show bluish-green fluores- 
cence in solution. 

Gives dirty green precipitate with ferric 
chloride. 

Couples with diazotised bases, giving azo-dyes 
which have the property of forming lakes 
with chromium and other oxides (cf. Bayer, 
G.P. 61707; 67829 ; 66693; B.P. 5984, 
1891). 

For monoalljyl derivatives and for azo-dyes 
obtained by coupling them with diazotised 
bases, cf. Bayer, G.P. 73741 ; 78937 ; 

B.P. 3495, 1893. 


Acid sodium salt, sparingly soluble leaflets, 
shows reddish-blue fluorescence in alkaline 
solution ; barium salt, BaA 2 , sparingly 
soluble (cf. Bayer, G.P. 85241). 

Gives intense violet coloration with ferric 
chloride. 

Couples with diazotised bases, giving azo- 
dyes which form lakes with metallic oxides 
(cf. Bayer, G.P. 82774). 


Sodium salt, sparingly soluble crj-stalline 
powder, shows bluish-violet fluorescence 
in solution. 

Gives deep blue coloration with ferric chloride. 
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Constitu- 

tion. 

Preparation. 

Adds, salts, and reactions. 

0;0:S;S 

l:2:3:6 

and 

1:2:6:S 

(1) Acid sodium salt of l-amino-2- naphthoP 
3:G-(resp. 0:8-)disulplionlc acid boiled with 
water (Witt, Ber. 1888, 21, 3480; G.P. 

(2) Bedu’ction of [j3-]naphtliaqulnone-3;G- 
(resp. 6:8-)disulphoinc acid with Bulphurous 
acid (Witt, i&id. 1891. 24, 3157). 

(3) 1:2 - Dihydroxynaphthalcno - 3:0 -disul - 
phonic acid is also formed wlien l:2-di- 
aminonaphthnlcnc-3:0-disiilplionic acid is 
heated with dilute mineral acids (c/. 
Cassclla, G.P. 72584). 

Acid sodium salts, readily soluble leancts ; 
decompose very rapidly In alkallno solution 
{cf. Bayer, G.P. 79054). 

Do not couple with dlazoUscd bases (Bayer, 
l.c. ; cf. Witt, Ber. 1801, 24, 3160). 

Precipitate gelatine or basic anlllno dyes ftom 
solution ; cf, Witt, G.l. 

49357). 

1:3:5:7 

(1) IiUxed -nith 30% of 1;5:3:7- by heating 
naphthalene l;3:5:7-tetrasulphonlc acid or 
a-naphthol-3:5:7-trisulphonlc acid with C0% 
caustic soda at 180-200° (Bayer, G.P. 
79054 ; 80464 ; B.P. 25074, 1893). 

(2) 2-Amino-4-naphthol-0:8-disulplionlc acid 
heated with water under pressure at 210- 
220° (Bayer, G.P. 89242). 

Sodium salt, readily soluble ; potassium salt, 
leaflets ; alkaline solutions show green 
fluorescence ; barium salt, BaA, moderately 
soluble needles (FrlcdlSndcr and ItUdt, Ber. 
1890,29,1013). . ,, 

Gives blue coloration with ferric chloride. 
Couples In alkaline sohitlon with dlazollsed 
bases, giving azo-dyes of yellow shade (cf. 
Bayer, G.P. 78377 ; B.P. 3032, 1894). 

1:5:3;7 

(1) a-Naphthol-3:5:7-trisulphonlc acid heated 
with 50% caxistlo soda at 160-100° (Kallc, 
G.P.a. 12732). 

(2) Mixed with 70% of 1:3:5:7- from n.aphtha- 
lene-l:3:5:7-tctrasulphonic acid and 00% 
caustic soda at 180-200°. 

Potassium and sodium salts, readily soluble 
needles ; In alkaline solution show bluish- 
violet fluorescence (Bayer, G.P. 79054). 

Gives blulsli-grcen coloration with ferric 
clilorldc. 

Couples In add or alkaline solution (ef. Bayer, 
l.c.) vith 1 or 2 mol. (ef. Knllo, l.c.) of 
dlazotlscd bases, giving azo-dyes. 

l;5:(2):(4) 

1:5-Dihydroxynaphthalcno sulphonated with 
sulphuric acid at 100-100° or with anbydro- 
acid in the cold (Ewer and Pick, G.P. 
41934). 

No description publl.shcd, but add said to 
couple with dlazotlscd bases (Ewer and 
Pick, l.c, ; cf. 2- and 4-mono3u]phonlc 
adds). 

1:(7):(2):(4) 

Fusion of a-naphthol-2:4;7-tri5ulphonic acid 
with caustic alkali (c/. Htichst, G.P. 07420 ; 
B.P. 18783, 1891), 

No description published. 

Couples with dlarotlsed bases (llOchst, l.c.). 

1:7;3:6 

Mixed with 30% of the 2;3:0;8-acld, by fusion 
of fi-naphthol-3:0:8-trisulphonlc acid with 
caustic alkali at 230-240^ (Hochst, G.P.a. 
4154; B.P. 9042, 1889 : G.P. 07503: cf. 
Friediandcr and Silbcrstcm, Monatsh. 1902, 
23, 627). 

Sodium salt, NijA, sparingly soluble needles ; 
alkaline solutions show bluish-green fluores- 
cence. 

Forms a dark blue precipitate with formalde- 
hyde and hydrochloric add (FriedKlnder 
and Silbcrstcni. l.c.). 

Gives fleeting blue coloration with ferric 
chloride (ibid.). 

Couples with dlazotlscd bases (nOchsl, l.c.). 

1:8:2:4 

(1) l-Amino-8-naphthol- or naphthasultam- 
2:4 - disulphonic acid heated with 80% 
caustic soda solution at 250° (Bayer, G.P. 
77703 ; B.P. 4979, 1893; Cassclla. G.P. 
81282, Dressel and Kotho, Bor. 1894, 27, 
2142). 

(2) l-Amlno-S-naplithol-5:7-disulphonio add 
heated with dilute caustic soda solution 
above 250° (Badischo, G.P.a. 10142 ; B.P. 
18924, 1893). 

(3) Fusion of a-naphthol-2:4:S-trlsulphonic 
acid with caustic alkali at 210° (Bayer, G.P. 
57021;! B.P. 3397, 1890; Dressel and Kothe, 
Ber. 1894, 27, 2144). 

Disodinw salt, readily soluble needles, showing 
faint blue lluorcsceneo In solution ; trl- 
sodiurn salt, NijHA-l-4H;0, readily soluble 
prisms, formed in alkaline solution shows 
greenish lluoresccneo (Dressel and Kothe, 

^ l.c.). 

Forms a soluble orange mo/iontlroso-compound 
(Cassella, l.c. : Dressel and Kothe, l.c.). 

Gives green coloration with ferric chloride 
(cf. Badischc, l.c.). 

Couples with dlazotlscd bases (cf. Bayer, G.P. 
73551 ; B.P. 18517, 1889). 

In add solution with dlchromato gives black 
dye on wool (Cassclla, l.c.). 

1:8:3:5 

( 1 ) Fusion of a-naphthol-4:0:8-trlsulphonic 
acid with 70% caustic soda solution under 
pressure at 170-190° (Bayer, G.P.a. 7004 ; 
M^) 171410, 1893; cf. Kalle, B.P. lOll) 

( 2 ) l-Amino-8-naphthol-3:5-disulphonlo acid 
heated with 7% caustic soda solution under 
pressure at 240° (Leonliardt, G.P.a. 8082 ; 

„ B.P. 21919, 1895 ; Cassclla, G.P. 108848). 

(3) l-Amino-8-naphthol-4:0-disulphonlc add 
heated with 70% caustic alkali solution 
above 240° (Bayer, G.P. 80741 ; B P 
171410, 1893). 

Pisodium salt readily soluble needles ; solu- 
tions of add salts show faint blue lluorcs- 
cence {(J. Bayer, G.P. 70054). 

Forms a readily soluble yellow uitroso 
derivative. 

Gives green coloration with ferric chloride 
(Bayer, l.c.). 

Couples with diazotlsed bases (Bayer, G.P.a 
7004; B.P. 171410, 1893). 


VoL. Vin . — 24 
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NAPHTHALEIJE. 

Dihydbox'X'napthalenedistji.phonIc Acids — continued. 


Constitu- 

tion. 


Preparation. 


0:0:S:S 

1:8:3:6 

Chromo- 

trope 

acid. 


(1) a-irapbthol-3:6:8-trisulphonic acid or its 
sultone heated with 60% caustic soda at 
170-220° (Hochst, G.P. 67563). 

(2) l-Amino-8-naphthol-3;6-disuIphonic acid 
heated ■ndth 5% caustic soda underpressure 
at 265° (Bayer, G.P. 68721 ; B.P. 11522, 
1892). 

(3) l;8-I)iaininonaphthaIene-3;6 - disulphonic 
acid heated unth 5% caustic soda under 
pressure at 260-280° (Bayer, G.P. 69190 ; 
B.P. 11522, 1892), or with dilute mineral 
acids or water under pressure at 150-160° 
(Cassella, G.P. 75153 ; cf. Voroschcov and 
Jurigina, Anilinokras. Prom. 1933, 3, 453 ; 
B. 1934, 393). 

(4) 8-Chloro-a-naphthol-3;6-disu]phonic aeid 
fused with caustic alkali (Badische, G.P. 
147852). 


Acids, salts, and reactions. 


Acid forms four series of salts, two strongly 
acid, one neutral, one basic. Bisodium 
salt, Na 2 H 2 A-i- 2 H 20 , readily soluble in 
water, and acid towards sodium carbonate ; 
alkailne solutions sliow violet-blue fluores- 
cence. Barium salt, BaH2A-t-3H20, small 
leaflets, wliich in solution with sodium car- 
bonate yields the sodium barium salt, 
BaNaHA-f 3 H 2 O, needles (Hochst, l.c.). 

Gives grass-green coloration with ferric 
chloride. With oxidising agents gives jug- 
lone - 2:7 - disjilphonic acid (Eosenhauer, 
Wirth, and Koniger, Ber. 1929, 62 [B], 
2717). 

Couples ivith 1 or 2 mol. of diazotised 
bases, giving orf/io-azo-dyes (Hantower and 
Tauber, Ber, 1898, 31, 2156) which form 
lakes with chromium salts (.cf. Hochst, 
G.P. 59161). 

In acid solution with dichromate gives brown 
dye on wool (Hochst, G.P. 77552). 

For monoalkyl derivatives, cf. Bayer, G.P. 
73251 ; 73741 ; B.P. 3493, 1893. 

For chloro derivative and derived azo-dyes, 
cf. Hbcbst, G.P. 153195). 


1:8:?:? 


l:8-Dlhydroxynaphthalene sulphonated with 
sulphuric acid at 50° and the three products 
separated by means of their barium salts 
(Badische, B.P. 14294, 1891 ; G.P. 79029 
79030). 


Sodium salts very readily soluble, show blue 
fluorescence in alkaline solution. 

Give green colorations with ferric chloride. 
Couple with diazotised bases, forming azo- 
dyes (cf. Bayer, G.P. 79054). 


2;3;6;8 


Mixed with the l:7;3:6-acid by fusion of 
naphthol-3:6;8-trisulphonio acid with caustic 
alkali and separation from the less soluble 
isomer by fractional precipitation with brine 
(H6chst, G.P. 67563 ; cf. Friedlander and 
SUberstem, Monatsh. 1902, 23, 527). 


Sodium salt, Na2A-l-3JH20, easily soluble 
needles, shows bluish-idolet fluorescence in 
alkaline solution ; barium salt, BaA, 
sparingly soluble needles. 

Gives violet coloration with ferric chloride, 
but no precipitate with formaldehyde and 
hydrochloric acid (FriediSnder and Siiber- 
stem, l.c.). 

Couples with diazotised bases (ide7n, ibid.). 


2:7:3;6 


(1) 2:7 - Dihydroxynaphthalene sulphonated 
with sulphuric acid on a water bath 
(Aktienges., G.P. 75142 ; B.P. 16199, 
1893). 

(2) )3-Naphthol-3:6:7-trisulphonic acid heated 
with 66% caustic soda solution under pres- 
sure at 220-300° (Bayer, G.P.a. 7243 ; B.P. 
25074 a, 1893). 


Acid sodium, salt moderately soluble; potas- 
sium salt', large needles ; barium salt, 
almost insoluble ; salts show bluish-green 
fluorescence in alkaline solution (cf. Bayer, 
G.P. 79054). 

Forms a sparingly soluble orange nitroso- 
compound. 

Gives deep blue coloration with ferric chloride. 

Couples in alkaline solution with 1 mol. of 
diazotised bases (Baj'er, G.P.a. 7243). 


Amtnodihydkoxynaphthalenes . 

The aminodihydioxynaphthalenes are little 
known and have no technical value. Their 
properties are summarised below : 

N:0:0 (NH2-CioH5(OH)2). 

1:2:3 Decomposes at 230° (Friedlander and Silber- 
stem, Monatsh. 1902, 23, 521). 

1:2:4 Isolation doubtful. Triacetyl derivative, 
tablets, m.p. 155-156° (Kelwmann and 
Hertz, Ber. 1896, 29, 1419). An amino-l:3- 
dihydroxynaphthalene, which may have 
this constitution, has been described by 
Zincke and Wiegand (Annalen, 1895, 286, 
89) (cf. Friedlander and Eiidt (Ber. 1896, 

29, 1611)). 

1:2:6 Hot isolated. Obtained by reduction of azo 
derivative of 2:6-dihydroxynaphthalene 
(Kehrmann, ibid. 1907, 40, 1962). The 4- 
sulphonic aeid is obtained by reduction of 
l-nitroso-2:6-(Bhydroxynaphthalene with 
sodium bisulphite solution (Bayer, G.P. 
87900 ; B.P. 6035, 1893). 

1:2:7 Not isolated. Obtained by reduction of 
nitroso-2:7-dihydroxynaphthalene (Clausius, 
Ber. 1890, 23, 521). Triacetyl derivative 
m.p. 183° (Nietzki and Knapp, ibid. 1897, 

30, 1123). 7-Methyl ether, leaflets, m.p. 
170° ; 2:7-dimethyl ether, needles, m.p. 82- 
83° (Fischer and Kem, J. pr. Chem. 1913, 
[11], 94, 26). 


N;0:0 

The i-sulphonic acid is obtained by re- 
duction of l-nitroso-2:7-dihydroxj'naphtha- 
lene nith sodium bisulphite. 

1:3:4 Not isolated. Triacetyl derivative, prisms, 
m.p. 193° (Kehrmann, Ber. 1894, 27, 3340). 

1:4:7 Easily oxidisable (Fischer and Bauer, J. pr. 
Chem. 1916, [ii], 94, 7). 

1:5:8 Not isolated. Triacetyl derivative, needles, 
m.p. 165° (Graebe and Oeser, Annalen, 
1904, 335, 149). 

1:(6):8 Unknown. The (S)-sulphonic acid, obtained 
by fusing l-amino-8-naphthoI-3:6-disul- 
phonic acid uith 60% caustic soda at 210° 
is diazotisable (Bayer, G.P. 75097). 

2:1:4 Not isolated. Triacetyl derivative, needles, 
m.p. 259-260° (Kehrmann, Ber. 1894, 27, 
3343). 

2:1:5 Stellate groups (Fischer and Bauer, J. pr. 
Chem. 1917, [ii], 95, 262). 'Fery sensitive 
to light. 

2:1:6 Unstable. Triacetyl derivative, needles, m.p. 

150° (Fischer and Bauer, ibid. 1916, [ii], 
94, 5). 

2:3:4 Needles, m.p. 164°. Triacetyl derivative, 
needles, decomp, above 200° (Zincke and 
Noack, Annalen, 1897, 295, 13). 

2:(3):8 Unknown. The (G)-svlphonic acid obtained 
by fusing 2-amino-8-naphthol-3:6-disul- 
phonic acid -ndth caustic alkali at 240-280°, 
is diazotisable (Hochst, G.P. 53023 ; B.P. 
15175, 1889). 






NAPHTHALENE. 


DmirNODniYDEOXYNAPHTHALENES. 

Several diaminodiliydroxynaphthalenes have 
been described, chiefly the products of reduction 
of disazo-dyes obtained from dihydroxynaphtha- 

IrTI 65« 

l:4-Diamino-2:3-dihydroxYnaphthalene 
is obtained by reduction of the disazo-dyes from 
2:3-dihydroxynaphthaleno. It forms a sulphate, 
B,H 2 S 04 , leaflets, and gives isonaphthazarin 
with ferric chloride (Friedliinder and Silberstern, 
Monatsh. 1902, 23, 624). 

l:6-Diamino-4:6-dihydroxynaphthalene, 
obtained by reduction of the disazo-dyes from 
l:8-dihydroxynaphthalene, is very rapidly 
oxidised. 

l:8-Diamino - 2:7 - dihydroxynaphthalene 
is obtained by reduction of the disazo-dyes from 
2:7-dihydroxynaphthaleno. It gives a sulphate, 
needles, whieh forms a blue solution in alkalis 
(Cassella, G.P. 108166 ; B.P. 9502, 1899). 

TRIHYDEOXYNAPHTHALENES. 

The trihydroxynaphthalenes have little techni- 
cal interest. They are produced by fusion of 
naphthalene- or naphthol-sulphonic acids with 
caustic alkali, or by reduction of hydroxjmaph- 
thaquinones, but the number of isomers thus 
furnished is limited by the small number of 
acids or quinones available. Only six of the 
fourteen possible isomers have been isolated and 
characterised, but sulphonic acids of two others 
are known. 

(i) l:2:3-Trihydroxynaphthalene {Naph- 
thapyrogallol) is obtained by reduction of iso- 
naphthazarin with zinc and boiling dilute sul- 
phuric acid (Zincke and Ossenbcck, Annalcn, 
1899, 307, 18). It is crystalline and gives n 
triacetate, in prisms, m.p. 250-256'’ (Zincke and 
Noack, ibid. 1897, 295, 19). 

(ii) l:2:4-TrihydroxynaphthaIene is ob- 
tained by reduction of hydroxy-[a-]naphtha- 
quinone with tin and hydrochloric acid, or from 
its triacetate by hydrolysis with alcoholic 
hydrogen chloride (Thiele and Winter, ibid. 
1900, 311, 346 ; G.P. 101607 ; B.P. 10590, 1898). 
It crystallises in needles, m.p. 154'’. In allvalinc 
solution it is readily oxidised by air to hydroxy- 
[a-]naphthaquinone. 

The triacetate, obtained by heating [a-] or 
[/3-Jnaphthaquinone and acetic anhydride with a 
small quantity of sulphuric acid, or phosphoric 
acid (Bayer, G.P. 107508) at 30-40'’, or with 
zinc chloride at 60-60'’, cryataUisos in needles, 
m.p. 134-136°. 

(iii) l:3:5-Trihydroxynaphthalene. — The 
7-sulphonic acid is formed when naphthalenc- 
l:3:5:7-tetrasulphonio acid or a-naphthol- 
3:5:7-trisulphonic acid or the 1:3- or l:5-di- 
hydroxydisulphonic aeid is fused with caustic 
potash at 280° (Bayer, G.P. 80464 ; B.P. 19624, 
1893). Its potassium salt forms needle crystals 
and couples with 1 or 2 mol. of a diazotised base, 
forming azo-dyes (Bayer, G.P. 87683; B.P. 
1229, 1894). 

(iv) l:3:6-Trihydroxynaphthalene is ob- 
tained by fusing l:6-dihydroxynaphthalenc-3- 
sulphonic acid with caustic soda at 260-270° 
(Meyer and Hartmann, Ber. 1906, 38, 3950). It 
forms doubly refracting crystals, m.p. 96°, a 
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hydrochloride in yellow needles, and a triacetate, 
needles, m.p. 112-113°. On boiling the aqueous 
solution a polymer, CjoHio(OH)b, possibly a 
dinaphthyl derivative, is formed, of which the 
hcxa-acctalc, scales, has m.p. 200°. It couples 
with 1 or 2 mol. of diazotised bases forming azo- 
dyes (Bayer, G.P. 78604). 

(v) 1:4:6- Trihydroxynaphthalene ([a-]- 
hydrojuglone), mixed with about one-fifth the 
amount oil^-yiydrojuglone, is present in the shell 
of the walnut. It is insoluble in chloroform ; 
the [fi-] form is easily soluble (Mylius, Ber. 1884, 
17, 2412; 1885, 18, 2668). On molting, the 
[a-] compound gives an equilibrium mixture 
containing about 76% of the [)5-] form, whilst an 
nlknline solution of the latter regenerates the 
[a-] compound on acidification, tho isomerism 
being kcto-cnolio (Willsttittcr and Wheeler, ibid. 
1914, 47, 2796). Tho [a-] compound separatos 
from water in scales or needles, m.p. 148°. 

Tho 8-chloro derivative, m.p. 116-120° (dc- 
comp.), may bo obtained from 1 :5-dihj’droxy- 
naphthnleno by chlorination of tho diacotato at 
80°, oxidation of tho product to B-chloro-U- 
acctoxy-[a-]-naphthaquinonc, m.p. 143°, hydro- 
lysis and reduction (Wheeler and Jlattox, 
J. Amer. Chom. Soc. 1933, 65, 686). Tlio 2:0- 
dibromo derivative is similarly oblained (Wlioclcr 
and Erglc, ibid. 1930, 62, 4872). 

Tho trihydroximaphthalcno witli ferric 
chloride gives juglonc. With acetic anhydride 
it yields tho triacetate of tho f^-] form in prisms, 
m.p. 129-130°. [p-]Uydrojuglone crj’stnlliscs in 
hexagonal tablets, m.p. 96-97°. 

(vi) l:4:0-Trihydroxynaphthnlcne is ob- 
tained by reducing 0 -hydrox 3 ’-a-nni)htlmquinono 
■with stannous chloride. It forms star-like 
groups of needles, m.p. 138-140°. It is unstable 
in air, being readily oxidised. Tiio triacetate, 
needles, has m.p. 94-95° (Eischcr and Bauer, 
J. pr. Chem. 1910, [ii], 94, 8), 

(vii) l:G:7-TrihydroxynaphtliaIenc" is ob- 
tained bj' heating l:G:7-trihydro.xynnphthnlono- 
3-8ulphonic acid with water or 6% sulphuric 
acid under pressure at 210-220° (Ericdliindcr 
and Silberstern, Jlonatsh. 1902, 23, 530). It 
forms needles, m.p. 176°, a triacetate, needles, 
m.p. 143-144°, and a triuKthyl ether, prisms, 
m.p. 127-128°. It couples in the 4 -posit ion 
with 1 mol. of a diazotised base, giving azo-dyes 
■w'hich form lakes with ehromiuin or iron salts 
(Cassella, G.P. 110618; 110904). 

Tho 3-sulphonic acid may bo prepared from jS- 
naphthol-3:6:8-trisulphonio acid by prolonged 
fusion with caustic soda at 240-250°. Its 
barium salt, BaA, forms sparingly soluble 
leaflets, its sodium salt sparingly soluble needles. 
With formaldehyde and hydrochloric acid it 
gives a \dolot precipitate. With diazotised bases 
it couples, forming azo-dyes (cf. Hochst, G.P. 
67420; B.P. 18783, 1891). 

TETRAHYDROXYNAPHTHALENES. 

(i) 1:2:3:4-T et r a h y d roxy n a p h t h aicne 
{Leucoisonaphlhazarin) is obtained from iso- 
naphthazarin by reduction. It forms easily 
soluble scales, and its tetra-acetyl derivative, 
needles, has m.p. 220°. It is readily oxidised to 
isonaphthazarin, or reduced to l:2:3-trihydroxy- 



NAPHTHALENE. 


372 


naphthalene (Zincke and Ossenbeck, Annalen, 
1899, 307, 16). 

(ii) l:4:5:6-TetrahydroxynaphthaIene is 
obtained from 6-hydroxy-[a-]naphthaquinone 
by nitration to the 6-nitro derivative, reduction 
with stannous chloride to 5-aniino-l:4:6-tri- 
hydroxynaphthalene, oxidation by ferric chloride 
to 5:6-dihydroxy-[a-]naphthaquinone and finally 
reduction ivith stannous chloride to the tetra- 
hydroxy derivative. It crystallises in needles, 
m.p. 180° (decomp.) ; its tetra-acetate, in prisms, 
has m.p. 202°. When oxidised by manganese 
dioxide and sulphuric acid it yields a naphtha- 
purpurin identical with that from naphthazarin 
(Dimroth and Roos, ibid. 1927, 456, 187). 

(iii) l:4;5:8-Tetrahydroxynaphthalene is 
obtained by reduction of naphthazarin {v. p. 3846) 
with zinc dust and dilute sulphuric acid (Zahn 
and Ochwat, ibid. 1928, 462, 82) ; or by action 
of iron on a boiling aqueous “ naphthazarin 
melt” (Badisohe, G.P. 129074; B.P. 23887, 
1900). It forms needles, m.p. 190°, and its 
tetra-acetyl derivative, minute prisms, has m.p. 
277-279° (Liebermann, Ber. 1895, 28, 1457 ; 
Wheeler and Edwards, J. Amer. Chem. Soe. 
1916, 38, 387). It is easily soluble in alcohol, 
ether, and acetic acid. The alcoholic solution 
shows a violet fluorescence. It is very rapidly 
oxidised by air. It is readily oxidised to naph- 
thazarin and is a substantive dye which, when 
oxidised with chromic acid, on the fibre, gives 
black shades. The same structure has been 
claimed for a poly-hydroxynaphthalene, m.p. 
224°, which results from reduction of 2:3:8- 
tribromojuglone (Wheeler and Andrews, ibid. 
1921, 43, 2584). 

MERCAPTANS AND SULPHIDES. 

Apart from sulphonic acids, sulphur-contain- 
ing derivatives of naphthalene are of minor im- 
portance. Some mercapto-compounds are inter- 
mediates in the manufacture of vat dyestuffs. 
The preparation of sulphur derivatives of 
naphthalene is carried out by : 

1. Reduction of the corresponding sulphonyl 

chlorides to mercaptans. 

2. Reaction of a diazo-compotmd with sodium 

disulphide or xanthateleading eventually 
to the disulphide and by reduction to 
the mercaptan. 

3. Direct reaction with sulphur to give mono-, 

di-, and poly-sulphides (of particular 
application to the naphthols). 

4. Reaction of carbon disulphide and sulphur 

with naphthylamines to give a mercapto- 
naphthothiazole which is subsequently 
hydrolysed to the aminonaphthyl- 
mercaptan. 

Meecaptans. 

a-Naphthylnnercaptan (thio-a-napMhol) is 
obtained by reduction of naphthalene-a-sul- 
phonyl chloride by zinc and dilute sulphuric 
acid (Bomgeois, Rec. trav. chim. 1899, 18, 441) 
or by electrolytic reduction (Fichter and Tamm, 
Ber. 1910, 43, 3033). An alternative method is 
by the action of diazotised a-naphthylamine on 
potassium xanthate followed by hydrolysis and 


reduction (Lenckart, J. pr. Chem. 1890, [ii],’ 41, 
216) ; or diazotised a-naphthylamine-8-sul- 
phonic acid with sodium disulphide is converted 
into dinaphthyldisulphidedisulphonic acid which 
is hydrolysed to dinaphthyldisulphide and then 
reduced to a-naphthylmeroaptan (I.G.. G.P. 
433103). It is a liquid, b.p. 16i°/20 mm., 
volatile in steam but decomposing under ordinary 
pressure when heated to 285° giving l:l'-di- 
naphthylsulphide and H^S (Leuckart, l.c.). It 
is soluble in alcohol and ether but only sparingly 
so in aqueous alkalis. It is oxidised by air in the 
presence of alkali to l-.l'-dinaphthyldisulphide 
(Leukart, l.c.). It has been proposed as a 
plasticising agent for rubber (Du Pont, B.P. 
490292). With oxalyl chloride it gives a- 
napktltathiofuran-l:2-dione (Gesellsch., Swiss. P. 
100861). 

4-Anriino-a-naphthylmercaptan, m.p. 91- 
93°, is prepared from naphthionic acid by 
acetylation and interaction with phosphoi^ 
pentachloride to give 4-acetamidonaphthalene- 
1-sulphonyl chloride which is reduced by zinc 
dust to 4-acetamido-a-naphthylmercaptan and 
finally hydrolysed (Zincke and Schutz, Ber. 
1912, 45, 473). 

4-Hydroxy-a-naphthylmercaptan, m.p. 
114°, is prepared from a-naphthol-4-sulphonic 
acid, the hydroxyl group being protected by 
interaction with ethyl chloroformate, converted 
to sulphonyl chloride, and the product reduced 
and hydrolysed (Zincke and Ruppersberg, ibid. 
1916, 48, 120). 6-Hydroxy-a-naphthylmer- 
captan, m.p, 131-132°, is similarly prepared 
from a-naphthol-6-sulphonic acid (Rennert, ibid. 
1915, 48, 469). 

^-Naphthylmercaptan {thio-p-napTithol) is 
prepared by reduction of naphthalene-jS-aul- 
phonyl chloride with zinc and acid (Bourgeois, 
Rec. trav. chim. 1899, 18, 441) or from /S- 
naphthylamine-l-sulphonic acid by diazotisa- 
tion and reaction with sodium disulphide to 
give the corresponding dinaphthyldisulphidedi- 
sulphonic acid which is hydrolysed to 2:2'-di- 
naphthyldisulphide and then reduced to /S- 
naphthylmercaptain (I.G., G.P. 433103). It has 
m.p. 81°, b.p. 288°. and is only slightly volatile in 
steam. On distillation there is partial decom- 
position to 2:2'-dinaphthylsulphide and H^S. 
It is readily oxidised by air in the presence 
of alkali to 2:2'-dinaphthyldisulphide. It is 
claimed as a plasticising agent in the milling 
of rubber (Du Pont, B.P. 490292). 

6- Hydroxy-)3-naphthylmercaptan, m.p. 
137°, is prepared as described for 4-hydroxy-a- 
naphthyknercaptan (Zincke and Dereser, Ber. 
1918, 51, 352). 

l-Amino-/S-naphthylmercaptan is pre- 
pared by interaction of carbon disulphide and 
sulphur with a-naphthylamine to give 2- 
mercapto-2':l'-naphthothiazole which is hydro- 
lysed with aqueous caustic soda. It is an inter- 
mediate for the preparation of thioindigoid 
dyes. 

DrUAPHTHYLStrLPHIDES AND DiSULPHTDES. 

Ll'-Dinaphthylsulphide, m.p. 110°, is 
obtained by distillation of naphthalene-a-sul- 
phonate with potassium thiocyanate (Arm- 
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strong, ibid. 1874, 7, 407), by elimination of| 
HaS in the distillation of a-napbthylmercaptan 
at” ordinary pressure (Leuckart, J. pr. Cliem. 
1890, [ii], 41, 217) or by distillation of the lead 
salt ’of a-napbthylmercaptan under reduced 
pressure (KrafiS; and Schonherr, Ber. 1889, 22, 
823). 

2:2'-Dihydroxy-l:l'-dinaphthYlsulphide is 
obtained by heating /S-naphthol in dilute aqueous 
caustic soda rvith excess of sulphur (Henriques, 
I.C.). It is also obtained by heating /5-naphthol 
with sulphur alone or in solvent with gradual 
addition of lead oxide (Dahl, G.P. 36788 ; 
TT lIm ann and Buliler, J.C.S. 1906, 90, [i], 44) 
or by interaction of l-chloro-/3-naphthol Avith 
sodium sulphide (Ringeissen, Compt. rend. 1934, 
198, 2180). 2:2'-Dihydrox3'’dinaphthylsulphide 
(jS-naphthol stdphide), first studied in detail by 
Henriques (ibid. 1894, 27, 2999), apparcntlj' 
existed in two forms which were considered to 
be stereoisomers but later work by Sinilcs and 
collaborators (J.C.S. 1912, 101, 1140, 1423; 
1914, 105, 1760 ; 1930, 960 ; 1931, 914) showed 
that the so-called iso-)S-naphthol sulphide is n 
thiol derivative of l:2'-dinaphthyl other. This 
product on heating alone or in a solvent, 
particularly in an alkaline medium, changes to 
2:2'-dLhydroxydinaphthylsulphide. It has m.p. 
214—216° and couples with diazo-compounds with 
elimination of sulphur giving azo derivatives of 
)3-naphthol (Henriques, l.c . ; Porai-Koschitz, 
G.P. 308909). Interaction ^vith oxalyl chloride 
converts it into a naphthathiofuran derivative 
(Gesellsch., G.P. 402994), 

2:2'-DinaphthyIsulphide, m.p. 161°, is ob- 
tained by heating the load salt of )3-naphth3’l- 
mercaptan or by heating 2:2'-dinaphthyldisul- 
phide ivith copper (Krafft and Schonherr, Bcr. 

1889, 22, 823). 

I:l'-Dinaphthyldisulphide, m.p. 91°, is 
obtained by air oxidation of an alkaline solution 
of a-naphthylmercaptan (Leukart, J. pr. Chem. 

1890, [ii], 41, 217) or by electrolytic reduction 
of naphthalene-a-sulphonyl chloride in alcoholic 
sulphuric acid (Fichter and Tamm, Bor. 1910, 
43, 3032) as a stage in the further reduction to 
a-naphthylmercaptan. By heating to 200- 
270° it is converted to a mixture of l:l'-dinaph- 
thyhnonosulphide and l:l'-dmaphthyltrisul- 
phide (Hinsberg, ibid. 1910, 43, 1870). 

2:2'-Dihydroxy-l:l'-dinaphthyIdisuIphide 

is produced by heating jS-naphthol with sul- 
phur (Onufrowicz, ibid. 1890, 23, 3303) or in 
admixture with the monosulphido by heating 
^-naphthol in aqueous alkaline solution with 
sulphur (Lange, ibid. 1888, 21, 261 ; Henriques, 
ibid. 1894, 27, 2999). 

2:2'-Dinaphthyldisulphide, m.p. 139°, is 
obtained by air oxidation of an alkaline solution 
of ^-naphthylmercaptan (Leuckart, l.c.) or in 
admixtme with other products by action under 
pressure of potassium hydrogen sulphide on 
naphthalene-^-sulphonic acid (Schwalbe, ibid. 
1906, 39, 3104) or by reduction of naphthalenc-fi- 
/TT ®^^oride with zinc and sulphuric acid 

(Mackopar, Zeit, fiir. Chem. 1869, 711). It is 
readily reduced to /8-naphthylmercaptan (Leu- 
kart, t.c.) ; hydrogen peroxide oxidises it to the 
disulphoxide (Hinsberg, Ber. 1908, 41, 4296). 


ALDEHYDES. 

The. naphthaldohydcs have not achieved any 
technical importance and consequently there is 
no oxtensivo literature. 

a-Naphthaldehyde is prepared by oxida- 
tion of a-naphthylcarbinol (Bamberger and 
Lodter, ibid. 1888, 21, 259) ; or from a-naphthyl- 
glj'oxjdic acid by formation of the anil and 
subsequent acid hydrol 3 'sis (Rousset, Bull. Soc. 
ehim. 1897, [iii], 17, 303) ; or by distillation of a 
mixture of calcium a-naphthoato and calcium 
formate (Lugli, Gazzetta, 1881, 11, 391). A 
convenient method of preparation is from a- 
chloromethylnaphthaleno which with hoxa- 
meth 3 dcnctctraraino gives a 00 % yield of a- 
naphthaldchydo (Coles and Dodds, J. Amor. 
Chem. Soc. 1938, 60, 863). 

Idcvlificalion and Jieadions. — a-Naphthaldc- 
hydo is a liquid of b.p. 291'6° (Bamberger and 
Lodter, l.c.). Tho orirnc has m.p. 98°; semi- 
carbazonc, m.p. 219°; a-naphtlialdazvic m.p. 
166°. 

On nitration it 3 'iclds a mixture of the 6 - 
and 8-ni(ro derivatives (Ruggli and Burckhardt, 
Hclv. Cliim. Acta, 1910, 23, 441). 2-C/iloro-a- 
naphOialdehydc is obtained 1 ) 3 ’ h 3 ’drolysis of 2 - 
chloro-l-dichloromcth 3 -lnnphthalono with acetic 
acid (Sachs and Brigl, Ber. 1911, 44, 2100). 
2-IJydroxij-a-naphthaldchydc (m.p. 84°) can bo 
propared 63 ' tho action of hydrocyanic acid and 
zinc chloride on jS-naphtbol (Gattcrmann and 
Horlachcr, ibid. 1899, 32, 284), but a nioro recent 
method is from formamidc and ^-naphtliol in 
presence of aluminium chloride (I.G., G.P. 
519800; rf. Ruggli and Burckhardt, l.c., 
p. 445); on nitration it yields tho ij-nitro- 
compound. d-lJydroxy-a-mphthnhhhjdc lias 
been propared by Gattcrmann (he.) and di- 
hydroxynapldhalddtydcs from dih 3 ’drox 3 ’unph- 
thalencs (Morgan and Viniug, J.C.S. 1921, 119, 
177 ; Adams and Burn 03 ', J. Amer. Cliom. Soc. 
1941, 63, 1103). 8-Ourboxy-a-naphthaldehydc 
has been used for preparation of vat dveslulTs 
(Kallo, G.P. 384982). 

/3-Naphthnldehyde, m.p. 60°, can bo pre- 
pared in 05% 3 ’icld b 3 ’ distillation in a vacuum 
of a mixture of calcium ^-naphthoatc and cal- 
cium formate (Bohrend aud Ludewig, Annalen, 
1911, 379, 352). It has also been prepared 1 ) 3 ’ 
reduction of ^-naphthoic acid with sodium amal- 
gam. Fulton and Robinson (J.C.S. 1939, 200) 
briefly describe tho preparation of ) 5 -nnphthnl- 
dchydo and its use in preparation of derivatives. 
A detailed description of its preparation in 80% 
yield b 3 ’’ catalytic reduction of / 5 -naplithoyl 
chloride is given by Herschborg and Cason 
(Organic S 3 mthcses, Vol. XXI, p. 84). 

8-Hydroxy-^-naphthaldehydc (m.p. 99-100°) 
has been propared b 3 ’- hydrogenation of 2- 
acotoxy-3-naphthoyl clilorido to 2-ncotoxy-3- 
naphthaldehydo and subsequent Iiydrol 3 ’ 8 is. It 
is yellow. Its oxime has m.p. 207° (decomp.) ; 
plicnylhydrazone, m.p. 248° (Boohn and Profft, 
Arch. Pharm. 1931, 269, 25). S-Chhro-P- 
napldhaldehyde, m.p. 121°, has been prepared 
by hydrogenation of 3-chIoro-2-naphthoyl chlo- 
ride (Shoesmith and Maokio, J.C.S. 1930, 
1684). 
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CARBOXYLIC ACIDS. 

Of the carboxylic derivatives of naphthalene 
by far the most important is 2-hydroxy-3- 
naphthoic acid, which is itself used in the 
manufacture of azo-dyes and pigments, and in 
the form of its anilide, and substitution products 
thereof finds extensive application for the pro- 
duction of fast, insoluble azo-dyes on cotton. 
Many other naphthoic acid derivatives have 
attracted the attention of dyestuff manu- 
facturers. 8-Amino-l-naphthoic acid is used 
in the manufacture of vat dyes of the anthan- 
throne series. 

Naphthoic Acids. 

a-Naphthoic Acid can he prepared by boil- 
ing a-naphthonitrile with a mixture of sulphuric 
and acetic acids (Rabe, Ber. 1898, 31, 1898). It 
is also formed when a-bromonaphthalene is 
heated with aqueous potassium cyanide and a 
small quantity of cuprous cyanide at 200° 
under pressure (Rosenmimd and Struck, ibid. 
1919, 52 [B], 1755). It is prepared in 68-70% 
yield by passing carbon dioxide into a well- 
cooled benzene solution of the Grignard reagent 
from a-bromonaphthalene and decomposing the 
product with sulphuric acid (Gilman, St. John, 
and Schultze, Organic Syntheses, 1931, Vol. XI, 
p. 80 ; cf. Whitmore and Eox, J. Amer. Chem. 
Soc. 1929, 51, 3363). It crystallises in needles, 
m.p. 160°, b.p. 300°, dissolves only sparingly in 
hot water, and on nitration yields both the 5- 
nitro- and 8-nitro-a-7iaphthoic acids (Ekstrand, 
J. pr. Chem. 1888, [ii], 38, 156). The barium 
salt, BaA2-l-4H20, and the calcium salt, 
CaAg-f ZHjO, crystallise in needles. It forms 
an explosive peroxide (Pummerer et al., Annalen, 
1933, 503, 40). 

The nitrile, m.p. 34°, b.p, 299°, is obtained 
from a-naphthylamine by diazotisation, followed 
by the Sandmeyer reaction, in which it is an 
advantage to use potassium nickel cyanide 
(McRae, J. Amer. Chem. Soc. 1930, 52, 4550). 
A yield of 92-93% is obtained if a-chloronaph- 
thalene is heated with cuprous cyanide in 
P 3 rridine at 220-260° (Newman, ibid. 1937, 59, 
2472). 

In 8-nitro-a-naphthoic acid, the nitro-group 
is easily replaced by means of sulphuryl chloride, 
giving 8-chloro-a-naphthoic acid, m.p. 167-168°, 
but with sulphuryl bromide only 9% of 8- 
bromo-a-naplithoic acid, m.p. 178°, is obtained 
(Rule and Barnett, J.C.S. 1932, 175) ; the latter 
can be made also from 8-hydroxymercuri-a- 
naphthoic acid (CorbeUini, Swiss. P. 209332; 
G.P. 684586). 

jS-Naphthoic Acid is obtained when fi- 
naphthonitrUe is boiled with alcoholic potash 
(Vieth, Annalen, 1876, 180, 305), or with a 
mixture of sulphuric and acetic acids (Baeyer 
and Besemfelder, ibid. 1891, 266, 187). It is 
obtained in 60% yield from jS-bromonaphthalene 
by the Grignard reaction (Gilman and St. John, 
Rec. trav. chim. 1929, 48, 743). It crystaUises 
in silky needles, m.p. 184°, dissolves only 
sparingly in hot water, and yields trimellitic 
acid on oxidation with alkaline permanganate 
(Ekstrand, J. pr. Chem. 1891, [ii], 43, 427). 
The barium salt, BaAj-h4H,0, and calcium 


salt, CaAg-t-SHgO, crystallise in very sparingly 
soluble needles. The nitrile forms scales, m.p. 
66-5°, b.p. 306-6°. The hydrazide has m.p. 
147-5° (Goldstein and Comamfisaz, Helv. Chim. 
Acta, 1932, 15, 939). On reduction with sodium 
amalgam, /S-naphthoic acid forms ^-naphthal- 
dehyde (Weil and Ostermeier, Ber. 1921, 54 [B], 
3217). 

)S-Naphthoio acid can be sulphonated to give 
6-, 7-, and 8-sulphonic acids- which in turn can 
be converted to the corresponding hydroxy 
derivatives (Royle, Schedler, and Butler, J.C.S. 
1923, 123, 1641). 

On nitration, jS-naphthoic acid gives a mixture 
of 8-nitro- and S-nitro- with a trace of 1-nitro- 
compound (Harrison and Royle, ibid. 1926, 84). 

Aminonaththoic Acids. 

The aminonaphthoic acids can generally be 
prepared from the corresponding hydroxynaph- 
thoic acids by the Bucherer reaction. Excep- 
tions are l-hydroxy-)5-naphthoic acid and 3- 
hydroxy-jS-naphthoic acid which undergo decar- 
boxylation (idem, ibid.). Another method is to 
fuse the corresponding naphthylaminesulphonic 
acid with potassium cyanide and then hydrolyse 
the nitrile (Priedlander, Heilpern, and Spielfogel, 
Mitt. Tech. Gewerbe Museum Wien, 1898, 316 ; 
Cassella, G.P. 92995).- 

2-Amino-a-naphthoic Acid is obtained 
in 90% yield by boiling naphthisatin with sul- 
phuric acid or sodium perborate in alkaline 
solution (H6chst, B.P. 262820). 

8-Amino-a-naphthoic Acid is prepared by 
converting a-naphthylamiae-8-sulphonic acid 
to l-cyanonaphthalene-8-sulphonic acid (Sand- 
meyer reaction) and fusing this with caustic 
soda, the resulting naphthastyrU being hydro- 
lysed with dilute caustic soda (I.G., B.P. 
276126) ; or by aminating 8-halogeno-a-naph- 
thoic acid (CorbeUini, U.S.P. 2111756), or by 
reduction of 8-nitro-a-naphthoic acid (Ekstrand, 
J. pr. Chem. 1888, [ii], 38, 159), or from 1:8- 
naphthalimide by the Hofmann reaction. It 
forms an internal anhydride, 


CO NH 



naphthastyril, of m.p. 180-181°, by dissolving 
in alcohol or boiling with water (idem, ibid.). 

3-Amino-jS-naphthoic Acid is obtained 
from 3-hydroxy-j3-naphthoic acid by heating at 
about 200° with aqueous ammonia in presence 
of such salts as zinc chloride or ammonium 
chloride, yield 80% (GesseUsch., B.P. 260698) or 
ferrous sulphate (I.G., B.P. 282450) or iron and 
ammonium chloride (I.G., B.P. 309516) or by 
heating with the ammonia compound of zinc 
chloride at 240° (I.G., B.P. 284998) or -with zinc 
oxide or carbonate and ammonium chloride at 
180-200° in 70-80% yield (I.G., B.P. 330941). 
Yellow needles, m.p. 214°. Boiled -with con- 
centrated caustic alkalis it forms 8-hydroxy-^- 
naphthoic acid. 
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Hydboxynaphthoic Acids. 

Two general methods have been used for the 
production of hydroxynaphthoic acids : 

1. Fusion of sulphonated naphthoic acids udth 

caustic alkali ; 

2. Interaction of the sodium salts of naphthols 

or dihydroxynaphthalenes ■with carbon 
dioxide under pressure at a suitable 
temperature. The acids formed from the 
naphthols are : 


OH 



11. III. 


The a-acid (II) from )3-naphthol is obtained at 
120-140°, and the ^-acid (HI) at 200-250°, a 
transformation irhich affords one of the rare 
examples in the naphthalene series of the entry 
of a radical into the 3-position to produce a 
2:3-di-substitution derivative. 

The order of stability of tlie three mono- 
hydroxy-acids may be inferred from the follow- 
ing facts : 

(i) Acid II, when heated alone or with water, 

loses carbon dioxide more readily than 
acid I ; both acids by coupling furnish 
azo-dyes which do not contain the 
carboxyl group ; and acid I uith nitrous 
acid gives 2-nitroso-a-nnphthol by elimi- 
nation of the carboxj'l group. 

(ii) ..Acid III, on the contrary, does not suffer 

these decompositions and loses carbon 
dioxide only when boiled with solutions 
of sodium bisulphite, ammonium bisul- 
pliite, or phenylhydrazine and bisul- 
phite, furnishing )3-naphthol, /3-naph- 
thylamine, and naphtha carbazolo re- 
spectively (Bucheror, J. pr. Chem. 1905, 
[ii], 71, 445 ; Buchercr and Seyde, 
G.P. 2089C0 ; J. pr. Chem. 1908, [iil, 
75, 403). 

2-Hydroxy-3-naphthoic acid and its derivatives 
are used as developers in the production of azo- 
dyes. They are remarkable as furnishing two 
series of compoimds, one yellow and the other 
colourless (Mohlau, Ber. 1895, 28, 3100). 

(i) 2-Hydroxy-a-naphthoic Acid is ob- 
tained by acting on dry sodium /S-naphthoxide 
with solid, liquid, or gaseous carbon dioxide 
mder pressure in the cold, and subsequently 
heating the sodium )3-naphthyl carbonate thus 
produced at 120-140° (Schmitt, G.P. 31240; 
Schmitt and Burkard, Ber. 1887, 20, 2701 • 
Heyden, G.P. 38052). The acid crystallises in 
nee^es, m.p. 166-167°, but when slowly heated 
begns to decompose at 12A-128°, and is con- 
verted quantitatively into )3-naphthol and carbon 
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dioxide by prolonged boiling with water (Schmitt 
and Burkard, l.c.). With ferric cldoride a deep 
violct-black coloration is formed. It couples 
with diazotised bases, but the products aro_ azo 
derivatives of |?-naphthol (Nietzki and Guiter- 
mann, Ber. 1887, 20, 1276). 

The G-snlphonic acid is formed from 2- 
hydroxj’-a-nnjjhthoic acid by sulphonation with 
20% nnhj'dro-acid at 40° (Scidler, G.P. 63343), 
and its chloride by interaction with chlorosul- 
phonic acid in the cold (Bayer, G.P. 278001). 
It loses carbon dio.xide forming ^-nnphthol-6- 
sulphonic acid, either when warmed in aqueous 
solution at 00°, or when coupled with diazotised 
bases (Seidlcr, he.). 

(ii) 3-Hydroxy-a-naphthoic Acid is pre- 
pared by fusion of 3-sulphonaphthnlene-l- 
carboxylic acid or its nitrile with caustic alkali 
(G.P. 4I3S3C; c/. Lesser and Gad, Ber. 1925, 
58 [B], 2551). It has m.p. 248-249°; acclyl 
derivative, m.p. 173-174°. 

(iii) 4-Hydroxy-a-naphthoic Acid. — Its 
esters can bo made by the interaction of a- 
naphthol with a carbon tctrahnlidc in the 
presence of aliphatic alcohol and alkali 
(Gc.scllsch., B.P. 1SI009). Heated with an 
arydaminc, the esters give rise to arylidcs 
(Swiss. P. 99280; 100363-5 ; G.P. 405440). The 
aeid has m.p. 183-184° (dccomp.); acetyl 
derivative, m.p. 178-179° (Holler, Ber. 1912, 
45, G74). 

(iv) 5-Hydroxy-n-naphthoic Acid, from 
a-naphthyIamino.5-sulphonic acid through the 
derived dinzo- and cyano-compounds the latter 
being fused with caustic alkali to replace the 
sulphonic group by hydroxyl, has m.p. 235- 
230°, acctr/l derivative 202-203° (Rovle and 
Schcdlcr, j.C.S. 1923, 123, 1041). 

(v) C-Hydroxy-a-naphthoic Acid, similarly 
obtained from a-naphthydamino-G-sulphonic 
acid, has m.p. 208-209°; acetyl derivative, 
m.p. 209-210° {idem, ibid). 

(vi) 7-Hydroxy-a-nnphthoic Acid, from 
a-nnphthylamine-7-sulphonic acid, has m.p. 
253-254°; acclyl derivative, m.p. 221-222° 
(idem, ibid.). It is also formed when 1:8- 
phthalovl-^-naphthol is fused with caustic soda 
(Riechc, Ber. 1931, 04 [B], 1003). 

(mi) 8 - Hydroxy - a - naphthoic Acid, 
formed, together with the anhydride or lactone 
(m.p. 108°), by boiling diazotised 8-ainino-a- 
naphthoic acid with dilute sulphuric acid, 
crj'stalliscs in needles, m.p. 109° (Ekstrand, ibid. 
1880, 19, 1138); it docs not readily regonorato 
the lactone. It is also prepared from 1-cyano- 
naphthnlcnc-S-suljihonic acid by hydrolysis with 
00% sulphuric acid at 70° to the ‘internal 
anhyulridc of S-sulpho-l-naphthoic acid (m.p. 
151-162°) followed by fusion wth caustic potash 
at 200° (Grassclli, U.S.P. 1623078). 

(viii) 1-Hydroxy-^-naphthoic Acid is ob- 
tained from dry sodium a-naphthoxido and 
carbon dioxide under pressure at 120-145° 
(Heyden, G.P. 3S052), or solid, liquid, or gaseous 
carbon dioxide in the cold and subsequently 
heating the sodium a-naphthyl carbonate thus 
produced at 120-140° (Schmitt, G.P. 31240; 
Schmitt and Burkard, Bor. 1887, 20, 2099). 
The acid crystallises in needles, m.p. 187°, is 
only very sparingly soluble in water (0-058 g. 
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in 100 c.c. at 17°), and gives with ferric chloride 
an intense bine coloration. The sodium salt, 
NaA+HjO, scales, and the ammonium salt, 

N H4A, needles, are readily soluble in hot water 
(Schmitt and Burtard, l.c.). 

Eeaciions. — ^With nitrons acid it reacts to 
form 2-nitroso-a-naphthol with the elimination 
of carbon dioxide ; nitric acid converts it into 
2:4-dinitro-a-naphthol (Nietzki and Guiter- 
mann, ibid. 1887, 20, 1275) but its methyl ester 
undergoes nitration in the 4-position, the ester 
grQixp remaining intact (Pao, Proc. Indian Acad. 
Sci. 1938, 7, A, 261 et seq.). Chlorinated in 
acetic acid solution, it yields ^-cMoro-l-hydroxy- 
P-naphthoic acid, from which carbon dioxide is 
readily eliminated giving 4:-chloro-a-naphtJiol 
(Kalle, G.P.a. 45914). With diazotised nitro- 
anUines it couples forming para-azo-dyes (Nietzki 
and Guitermann, l.c.; c/. Nietzki, G.P. 44170; 
46203 ; B.P. 17583, 1887). The arylides have 
been claimed as dyestuff intermediates (I.G., 
B.P. 487770). 

The 4:-sulphomc acid is obtained from 1- 
hydroxy-P-naphthoic acid by warming it with 
monohj'drate at 60-70° until sulphonation is 
complete (Dahl, G.P. 51715; cf. Konig, Ber. 
1889, 22, 787) and its chloride, m.p. 200°, by 
interaction with chlorosulphonic acid in the cold 
(Bayer, G.P. 264786 ; B.P. 18430, 1913). The 
acid, HgA-pSHjO, crystallising in small needles, 
shows blue fluorescence in alkaline solution. 

Nitric acid converts it successively into 4- 
nitro-l-liydroxy-P-naphtlioic acid and 2;4:-dinitro- 
a-naphthol (Konig, Ber. 1890, 23, 806). With 
diazotised bases it interacts, but owing to elimi- 
nation of carbon dioxide, the azo-dyes formed 
are derivatives of a-naphthol-4-sulphonic acid 
(Konig, l.c. ; cf. Dahl, l.c.). 

The iiT-disulphonic acid is the main product 
of the sulphonation of l-hydroxy-P-naphthoic 
acid -with 20% anhydro-acid at 100° (Konig, 
ibid. 1889, 22, 787 ; Seidler, G.P. 56328). The 
acid, HjA-pdHjO, needles, shows bluish-green 
fluorescence in alkaline solution (Konig, l.c.). 

When boUed with 3% hydrochloric acid it 
yields a-naphthol-4:7-disulphonic acid, but with 
dilute sulphuric acid at 140° it gives 7-sulpho-l- 
liydroxy-p-naphthoic acid (Priedlander and Tatis- 
sig, Ber. 1897, 30, 1460). Pusion with caustic 
alkali at 220-240° converts it into d-sulpho-l-.l - 
dihydroxy-2-naphthoic acid, and at a higher 
temperature into 1:1 -dihydroxynaphthalene-d- 
sulphonic acid. With diazotised bases it inter- 
acts forming azo-dyes of a-naphthol-4:7-disul- 
phonic acid, owing to elimination of carbon 
dioxide (Konig, ibid. 1890, 23, 810). Condensed 
with alkylated diaminodiphenylcarbinol followed 
by oxidation it gives chromable wool-dyes 
(Bayer, B.P. 234569). 

(ix) S-Hydroxy-p-naphthoic Acid or 2- 
Hydroxy-3-naphthoic Acid is the only 
technically important hydroxynaphthoic acid 
It is obtained by the Kolbe-Sohmitt reaction 
)5-Naphthol and solid caustic soda are heated 
together in molecular proportion. The mass 
fuses and, by applying vacuum, water is re 
moved, leaving dry sodium /5-naphthoxide. 
This is ground to a powder and heated at about 
240° in an atmosphere of carbon dioxide at 
about 100 lb. pressure. The resulting car- 


boxylic acid probably reacts with unchanged 
sodium jS-naphthoxide, forming the disodium 
salt of 2:3-hydroxynaphthoic acid and free p- 
naphthol. The maximum possible yield is 
therefore 50% of theory {cf. Silin and Moscht- 
scbinskaja, J. Gen. Chem. Russ. 1938, 8, 810). 
The reaction product is lixiviated and partly 
acidified to precipitate )S-naphthol and tarry 
material, and from the clear filtrate the 2:3- 
hydroxynaphthoic acid is separated by addition 
of more acid. 

On the large scale the whole of the reaction 
is carried through in one vessel, which is pro- 
vided with suitable means of breaking up the 
sodium naphthoxide by a strong stirrer ; alter- 
natively the autoclave, containing iron baUs, 
may be rotated. 

Modifications of the above method of carrying 
out the Kolbe-Schmitt reaction which have 
been suggested are (a) the use of a solvent 
(Calco Chem. Co., B.P. 511393), (6) .the use of 
paraffin wax as a diluent (Cone, U.S.P. 1503984), 
(c) formation of )3-naphthol-l-carboxylic acid at 
low temperature followed by heating as above 
(Schwenke, U.S.P. 1700546), {d) use of pressme 
(Nat. Aniline Chem. Co., U.S.P. 1725394), 
(e) removal of naphthol as formed (Shorey, 
U.S.P. 1460990). 

Identification. — ^It crjmtallises in yellow scales, 
m.p. 216°, dissolves only very sparingly in hot 
water, and is characterised by its great stability. 
Its normal salts, ethyl ester, needles, m.p. 85°, 
b.p. 290-291° (Rosenberg, Ber. 1892, 25, 3634), 
and hydrazide, plates, m.p. 203-204° (BVanzen 
and Eichler, J. pr. Chem. 1908, [ii], 78, 164) are 
yellow, but the basic sodium salt, the O-acetyl 
derivative, needles, m.p. 176-177° (Grhdenwitz, 
Ber. 1894, 27, 262-4), the chloride, m.p. 99°, the 
amide, m.p, 217° (Fries, ibid. 1925, 58 [B], 
2848), the anilide, scales, m.p. 243-244° 
(Schopff, ibid. 1892, 25, 2743) and arylated 
amides generally (Griesheim, G.P. 293897) are 
colourless, although the arylamides dissolve in 
alkalis giving yellow solutions. 

Reactions. — On oxidation with potassium 
permanganate in alkaline solution it gives o- 
carboxyphevylglyoxylic acid (Schopff, Ber. 1893, 
26, 1123) and phthalic acid (Schmitt, l.c., 
p. 1114). With nitrous acid it yields l-nitroso- 
2-hydroxy-S-naphthoic acid (Kostanecki, ibid. 
1893, 26, 2898 ; Guhnof, Ulrrain. Chem. J. 1932, 
Tech. 197). The nitroso compound can be 
treated with iron salts to give pigments 
(Badische, G.P. 350322). Treated with sodium 
bisulphite it gives a compound which, on acidifi- 
cation, loses carbon dioxide and gives 1-nitroso- 
p-naphihol-i-sulphonic acid (Lanz and Mingasson, 
Bull. Soc. chim. 1931, [ivj, 49, 1172). Mono- 
hydrate at 60° gives a mixture of the 6- and 8- 
sulphonic acids, but chlorosulphonic acid in the 
cold the 1-sulphonyl chloride, m.p. 219° (Bayer, 
G.P. 264786 ; B.P. 18430, 1913). Bromination 
gives l:Q-dibromo-2-hydroxy-Z-naphthoic acid 
{I.G., B.P. 378676) which can be reduced to the 
6-6romo-compound with mild alkaline reducing 
agents (LG., B.P. 381947). The latter can be 
converted to the 6-awino-compound (I.G., B.P. 
462699). With diazotised bases it couples, 
forming azo-dyes, without elimination of the 
carboxyl group (Kostanecki, l.c . ; cf. Aktienges., 



GP 77286; B.P. 16789, 1892; Sircar and 
Watson, J.S.C.I. 1913, 32, 642). Oxidation 
^yitll ferric chloride pves rise to 2:2 -dmydroxy~ 
hl'.dinapJithyl-3:3'-dicarbozylic acid, m.p. 331- 
333° (decomp.), resolvable into optical isomers 
(Stanley and Adams, Rec. trav. chim. 1929, 48, 
1035). Condensation with aliphatic diamines 
in the presence of sodium bisulphite- produces 

to-aminoalkylaminoalkyl-compounds, c.g., p- 
naphthyl - o) - aminoethylaminc (B.aycr, B.P. 
249717). Heated with ferrous sulphate and 
ammonia imder pressure at 200-210°, an iron 
compound, 

,NHFe 

is formed which is decomposed by hydrochloric 
acid to give 2-amino~3-naphthoic act'd (I.G., 
B.P. 282450; see also iilohlau, Bcr. 1895, 28, 
3096). 

Arylamxdes. — ^The arj'lamidcs or “ ai^didcs ” 
of 2-hydroxj'-3-naphthoic acid have assumed 
considerable importance ns components of the 
Azoic dyes or Ice colours. The anilide was first 
used as source of azo-dj’cs by' being coupled 
with diazotised primulino (Badisclic, G.P. 
221481), hut later, under the name “ Naphthol 
AS,” was introduced ns a developer for brilliant 
shades on the fibre, replacing ^-naphthol. For 
further information on the technical application 
of the arylamidcs, sec Di'i:STUFFs, Azo, Vol. IV, 
227. 

The ai^'lamidcs are prepared by heating 2:3- 
hydroxynaphthoic acid and the appropriate 
amine in molecular proportion in a suitable 
solvent, e.g., toluene, with a condensing agent 
such as phosphorus trichloride or thion}'! 
chloride. The charge is then made alkaline 
with soda ash and the solvent distilled off with 
steam. The insoluble arylido is filtered, washed 
with acid to remove anj’’ remaining amine and 
dried. Tertiary bases can be used ns the solvent 
(British Synthetics, Ltd. and Higgins, B.P. 
262958 and 268877). 

The anilide reacts with nitrous acid, forming 
[fi-'inaphthaquinoncoximc-3-carboxyanUidc which 
as sodium salt can be converted by sodium bi- 
sulphite into a bisulphite compound, which is 
claimed to dye cotton better than the corre- 
sponding ^-naphthol derivative. The quinonc- 
. oxime can be reduced to l-amino-2-iiaphthol-3- 
carboxyanilide, m.p. 180° (Battegay, Langjnhr, 
and Rettig, Chim. et Ind. 1924, 11, 463; 
Battegay and Riesz, Bull. Soc. chim. 1932, [iv], 
51, 902). The arj'lides condense with form- 
aldehyde to give l:l'-dinaphthylmethane com- 
pounds ; hence the stabilisation of “ Naphthol 
AS ” baths by formaldehyde is attributed to 
the formation of substances of this tjqro (Brass 
and Sommer, Ber. 1928, 61 [B], 993). As 
formaldehyde may itself produce deleterious 
effects on the dyes, an alternative proposed is to 
replace the hydrogen atom in the — CON HR 
group of the arylide by an aromatic quaternary 
anmronium radical, the arylide, for example, 
being heated with pyridiniummethyl iodide 
(British Sjmthetics, Ltd., B.P. 230920). 

Arylamides sulphonated with monohydrate at 
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90° furnish sulphonic acids of value as djmstufT 
intermediates (Hochst, B.P. 183128). 

Arylamidcs sulphonated in t he arylamino-part 
of the molecule can bo obtained, c.g., by using 
0-, m-, and ^i-anilincsulphonic acids in the 
general method of condensation, p^'ridino being 
used as solvent (Voroschcov and Gcnkin, J. Gen. 
Chem. Russ. 1938, 8, 357). 

Nuclear substituted methoxy derivatives can 
bo prepared by IColbo’s reaction from the corre- 
.sponding mcthoxy-^-napiithoIs (I.G., B.P. 
306140). and 6-, 0-,*and T-arjdamino derivatives 
by licafing the alkali salt of the corresponding 
nrj-lamino-j3-naphthol with carbon dioxide under 
prc.ssure (I.G., B.P. 382449). 

The G-sulphonic acid and the S-sulphonic acid, 
obtained by sulphonating 2-hydro.xy-3-naph- 
thoic acid with monohydratc at 00° or above, arc 
separated as calcium salts, that of the 0-sul- 
phonic acid Ircing tlio more soluble in hot water 
(Gesollsch., G.P. 09357; Schmid, Bcr. 1893, 
26. 1118; Ilirsch, ibid. 1177), or as acid sodium 
salts, that of the G-sulphonic acid being the less 
soluble (Biichcrcr, cf. J.S.C.I, 1903, 22, 945). 
The O-acid couplc.s readil}*, but the S-acid only 
slowly trith diazo-componnd.s. 

The G-.S-disiilphonic arid is the chief product 
of the sulphonation of 2-hydro.vy-3-naphlhoic 
acid with 24% anhvdro-acid at 125-150° 
(Gcscllsch., G.P. 07000; B.P. 14101, 1892. 
Fusion with cau.stic soda at 210-240’ converts 
it into 3‘Sulpho-hl-dibydrori/S-tiaphthnic arid 
(Gcscllsch., /.c. ; r/. G.P. 71202; Schmid, f.c.). 
With ammonia solution at 240-280°, .it gives 0- 
sulpha • 2 ♦ amino • 8 • hydroxy - 3 - vaphlhoic acid 
(Gc.scllsch., G.P. 09740). 

(.v) 4-Hydroxy-)?«nnphthoic Acid was first 
claimed to be prepared from 4-nmino-2-naph- 
thonitrile by Butler and Roylo (J.C.S. 1923, 
123, 1049), but there apitcars to bo an error in 
their results since the melting-point of their pro- 
duct was appreciably lower than that obtained 
by Cason (J. Amer. Ciicm. Soc. 1911, 63, S2S) 
by the same method. It has also been prepared 
from 4-chloro-3-amino-^-naphthoio acid through 
the diazo-oxidc (Luce, G.P. 523358). Haworth, 
Jones, and Way (J.C.S. 1943, 10) have syn- 
thesised it from bcnzylsuccinic acid by con- 
version with aluminium chloride to 4-keto- 
l:2:3:4-tetrah3’dronnphthoic acid which was 
brominated to 3-bromo-4-kcto-l;2:3:4-tctrn- 
hj'dronaphthoic acid from which HBr was 
eliminated by heating with dicthylaniline to 
give 4-hydroxy-p-naphiltoic acid. 

The acid has m.p. 226-226°; occ/yl-compound, 
m.p. 211-212° (Cason, l.c.). 

(.xi) 6-Hydroxy-^-naphthoic Acid, ob- 
tained by fusing the corresponding sulphonaph- 
thoic acid with caustic potash, has m.p. 211°; 
flcc/yi-compound, m.p. 214-215° (Butler and 
Roylc, l.c.). 

(xii) 0-Hydroxy-j5-naphthoic Acid, by the 
same method, has m.p. 240-241°; acetyl, m.p. 
221-223° (Ic.). It is obtained with the 3:2- 
isomor by the Kolbc-Schraitt method using 
potassium )9-naphthoxido instead of sodium 
^-naphthoxide (Grassolli, U.S.P. 1693810). Its 
aryhdes can be used for azoic colours (Bayer, 
G.P. 294798). On sulphonation with concen- 
trated sulphuric acid at 60-80° it gives a 
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separable mixture of the 4- and 7-isomers and 
with oleum the 4:1 -disulpJionic acid (I.G., B.P. 
291965). . , ^ 

(xiii) 7-Hydroxy-/S-naphthoic Acid from 
7-amino-2-naphthonitrile has m.p. 269-270°; 
acetyl-componnd, m.p. 209-210° (Butler and 
Boyle, Z.C.). 

(xiv) 8-Hydroxy-/S-naphthoio Acid, by a 
similar method to the 5-iaomer, has m.p. 228- 
229°; ace%l-compound, m-p. 176-177° (idem, 
ibid). 

DrsYDEoxYNAPm'Horo Acids. 

Of the dihydroxynaphthaleneoarbox5^1ic acids, 
six, namely those containing the radicals 
OHiOH-.COgH in the 1:2:3-, 1:4:2-, 1:6:(?), 
1:7:(?), 1:8:2-, and 2:7:(3)-positions, have been 
obtained by interaction of the heated sodium 
salts of the respective dihydroxynaphthalenes 
with carbon dioxide under pressure (c/ . Mohlau, 
Ber. 1893, 26, 3067 ; 1895, 28, 3093 ; Schmid, 
ibid. 1893, 26, 1117 ; Bussig, J. pr. Chem. 1900, 

[ii], 62, 33 ; Hemmelmayr, Monatsh. 1917, 38, 
84; Heyden, G.P. 55414), and two containing 
these radicals respectively in the 3:5:2- and 
3:7:2-positions, by fusion of the corresponding 
sulpho-3-hydroxy-^-naphtboic acids with caustic 
alliali (c/. Schmidt l.c. ; Gesellsch., G.P. 69367). 
l:4-DihydroxynaphthaIene-2-carboxylic acid has 
been obtained by synthesis from ethyl phthalate 
and ethyl succinate (Homeyer and Wallingford, 
J. Amer. Chem. Soo. 1942, 64, 798). 

(i) 2:7- Dihydroxy - a* naphthoic Acid, 
m.p. 275°, is prepared from 2:7-dihydroxy- 
naphthalene (Passerini, Gazzetta, 1924, 54, 633) 
by reaction with phenylcarbylamine, an inter- 
medva-t® “ dianil ” eompouad being formed. 

(ii) 1:7- Dihydroxy -/S- naphthoic Acid 
(m.p. 222°) is produced by hydrolysis of 1:7- 
dihydroxy-4-sulpho-jS-naphthoio acid. The 4- 
sulphonic acid is produced by fusing 4:7-di- 
sulpho-l-hydroxy-)S-naphtUoic acid with 80% 
caustic soda solution at 190° (Bindschedler, 
G.P. 84653 ; B.P. 4630, 1894), or with caustic 
soda at 220-240° (Friedlander and Zinberg, 
Ber. 1896, 29, 38). It couples with diazotised 
bases (Bindschedler, l.c.) and is converted into 
1:7 - dihydrox5maphthalene - 4 - sulphonio acid 
when heated with 30% caustic soda at 140-160° 
(Bindschedler, G.P. 83965), but into l:7-di- 
hydroxy-/S-naphthoic acid when either boiled 
with 20% hydrochloric acid (Bayer, G.P. 89539), 
or heated at 140° with 50% sulphuric acid 
(Friedlander and Zinberg, l.c.). 

(iii) 3:5- Dihydroxynaphthalene -^-naph- 
thoic Acid. — ^The 7-sulphonic acid (nigrotic 
acid; cf. Bucherer, J. pr. Chem. 1907, [ii], 75, 
287), obtained by fusing 6:8-disulpho-2-hydroxy- 
3-naphthoic acid with caustic soda at 210-240° 
(GeseUsch., G.P. 67000; B.P. 14161, 1892; 
Schmid, Ber. 1893, 26, 1119) shows yellowish- 
green fluorescence in alkaline solution. It 
couples with diazotised bases forming black or 
grey azo-dyes (Gesellsch., G.P. 71202 ; 75268 ; 
80912; 84646; B.P. 14253, 1892 ; 4460,1894). 

(iv) 3:7- Dihydroxy - /S- naphthoic Acid, 
derived from 2-hydroxy-3-naphthoic acid by 
sulphonation and fusion with caustic soda 
(Gesellsch., G.P. 69357) has been used for chrome 
azo-dyes (I.G., B.P. 270308). With ammonia it 


gives T -amino-S-hydroxy-P-napTithoic acid, m.p. 
295° (I.G., B.P. 326971 ; 334700). 

(v) 4:6-Dihydroxy-^-naphthoic Acid is 
obtained by sulphonating 6 - hydroxy - p - 
naphthoic acid and fusing the product with 
alkali. It couples with diazotised bases to form 
dyes for wool (I.G., B.P. 302770). 

Naphthalenemcaeboxyuo AoiDS. 

The naphthalenedicarboxyUc acids, except the 
l:8-isomer, are of little technical importance. 
The dinitriles of the 1:2- and 2:3 -acids give green 
phthalo cyanine' dyes (Bradbrook and Linstead, 
J.G.S. 1936, 1739). 

The complete series of dicarboxylic acids is 
known. They can be made by converting an 
aminosulphonic acid into the corresponding 
cyanosulphonic acid and fusing the alkali salt 
ivith alkali ferrocyanide or cyanide (Bradbrook 
and Linstead, l.c.). The melting-points of 
methyl esters and dinitriles quoted below are 
from Bradbrook and Linstead’s paper. 

(i) Naphthalene-l:2-dicarboxyliC Acid, 
m.p. 176°, can be obtained from sodium a- 
chloronaphthalene-2-8ulphonate, through the 
dinitrile. Sublimed in a vacuum at 180-200°, 
the anhydride, m.p. 160°, is formed (Waldmann 
and Weiss, J. pr. Chem. 1930, [ii], 127, 197 ; cf. 
Cook, J.C.S. 1932, 462). The methyl ester has 
m.p. 85°, dinilrile, m.p. 190°. 

(ii) Naphthalene-l:3-dicarboxy)ic Acid, 
m.p. 267-268° is obtained from a-naphthyl- 
amine-S-sulphonic acid (Bradbrook and Lin- 
stead, l.c.). The dinitrile has m.p. 190°. 

(iii) Naphthalene-l:4-dicarboxylic Acid 
is made by the oxidation of l.methyl-4- 
naphthoic acid with potassium permanganate 
(Mayer and Sieglitz, Ber. 1922, 55 [B], 1841), 
or by conversion of naphthalene-l:4-disulphonio 
acid into the dinitrile, followed by hydrolysis 
(Scholl and Neumann, ibid., p. 118). It melts 
at 309° (cf. 288°, given by Mayer and Sieglitz, 

l. c.) and the chloride at 80° (Scholl and Neu- 
mann, l.c.). The methyl ester has m.p. 67°, 
dinitrile, 208°. 

(iv) Naphthalene- l:5-dicarboxy|ic Acid, 

m. p. 300°, gives a chloride, m.p. 155-166° (I.G., 
B.P. 336800), methyl ester, m.p. 119°; dinitrile, 
m.p. 263°. 

(v) Naphthalene-l:6-dicarboxylic Acid is 
obtained by oxidation of l:6-dimethylnaphtha- 
lene, a product of the dehydrogenation of irone. 
It melts with decomposition at about 305° 
(Ruzicka and Rudolph, Helv. Chim. Acta, 1927, 
10, 915). Methyl ester, m.p. 98° ; dinitrile, m.p. 
211 °. 

(vi) Naphthalene-l:7-dicarboxylic Acid 
is produced when eudalene (l-methyl-7-l.so- 
propylnaphthalene) is oxidised by nitric acid. 
It is fairly soluble in alcohol or ether and melts 
at about 265° (Ruzicka and Stoll, 1922, 5, 
923). Methyl ester, m.p. 90° ; dinilrile, m.p. 
167°. 

(vii) Naphthalene-l:8-dicarboxylic Acid 
(naphthalic acid) is obtained by the oxidation of 
acenaphthene with chromic acid (Behr and Van 
Dorp, Annalen, 1874, 172, 266; Ansehn, Ber. 
1892, 25, 652) or in 95% 5deld by oxidising 
acenaphthenequinone in caustic soda suspension 



by excess of hydrogen peroxide (Whiston, 
J.S.C.1. 1924, 43, 370 t). , , , . 

Identification. — ^It crystalhscs from alcohol in 
needles, m.p. 270-271“ (Lcuck, Perldns, and 
Whitmore, J. Amer. Chem. Soc. 1929, 51, 1S31). 
The dicMoride has m.p. 84-86“ (Mason, J.C.S. 
1924, 125, 2116), the ethyl ester, m.p. 59-60’ 
(Wislicenus and Penndorf, Ber. 1912, 45, 410), 
methyl ester, m.p. 104“ diniirile, m.j}. 232°. It 
readily forms an anhydride, m.p. 274“, and itnidc, 
m.p. 300“ (Terisse, Annalen, 1885, 227, 135). 

Seactions and Uses. — 3-Aminonaphthnlic acid 
(Gesellsch., B.P. 246394), 4-aminonaphthalic 
acid (I.G., B.P. 352139), and 4-ammonnphthal- 
imide (I.G., B.P. 304739 ; 309552) have been 
patented as dj’cstuff intermediates. 

Naphthalic acid reacts -nith mercuric acetate 
to give anhydro-S-hydroxymercnri-a-naphthoic 
acid (I), convertible by acid hydrolysis to a- 



naphthoic acid, and by bromine to 8-bromo-a- 
naphthoic acid, an intermediate for the produc- 
tion of anthanthrono. 3- and 4-Nitronnphthalic 
acids by mercuration give mixtures of two 
isomeric nitro derivatives of (I) in each case 
(Leuck, Perkins, and BTutmoro, l.c.; Davic-s, 
Heilbron, and Irving, J.C.S. 1932, 2715). 
Naphthalic anhydride with o-phenjdcnediamine 
and its substitution derivatives forms naph- 
thoylenehenziminazolcs of typo II (I.G., B.P. 
316143). By oxidation in the 4:5-positions these 



compounds, and the N -substituted naphthal- 
imides, form perydene derivatives which arc an 
important class of vat dye (v. Anthraquinone 
Dyestuits, Vol. I, p. 427). 

(viii) Naphthalene-2:3-dicarboxyIic Acidis 
prepared from 3-ammo-2-naphthoic acid through 
the 3-cyano derivative. It melts at about 236“ 
tWaldmann, J. pr. Chem. 1930, [ii], 128, 150 ; 
I.G., B.P. 332122), and when sublimed is con- 
verted into the anhydride, m.p. 246“ (Waldmann 
and Mathiowetz, Ber. 1931, 64 [B], 1716). The 
methyl ester has m.p. 47“ ; nitrile, m.p. 251“. 

(ix) Naphthalene-2:6-dicarboxylic Acid 
is made from )9-naphthylamine-6-sulphonic acid 
(Bronner acid); m.p. above 300“ (Bradbrook 
and Linstead, l.c.). The methyl ester has m.p. 
186°; nitrile, m.p. 293°. 

(x) Naphthalene-2:7-dicarboxylic Acid.— 
2:7-Dicyanonaphthalene, m.p. 261°, prepared 
from dry sodium naphthalene-2:7-disulphonate, 
is converted into the dicarboxyhe acid on 
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hydrolj'sis. Tlio methyl ester molls at 191°, the 
ethyl clicrai 238°. On nitration, the acid gives 
rise to di- and tri-nitro-compounds, and on 
oxidation with permanganate furnishes tri- 
mellitic acid (Piirgotti, A, 1926, 951). Brad- 
brook and Linstead give m.p. 135“ for the methyl 
ester ; 267“ for the dinitrilc. 

HYDKOXYNArnTIlAt.ENEDIOARBO.KYEIC AOIPS. 

1- Naphthol-2;4-dicarboxylic Acid. — Its 
esters are made from l-hydroxy-2-naphthoic 
acid by interaction with a carbon tctrahalido in 
presence of an aliphatic alcohol and alkali. It 
decomposes at about 280“ (Gesellsch., B.P. 
181009; 195513; G.P. 37.3730). 

2- Naphthol-3:0-dicarboxylic Acid. — Its 
diarylides are used for making water-insoluble 
azo-dres (Griesheim, F.P. 601087 ; B. 1927, 
212 ).' 

Hydroxynapiilhalic Aci d s. — ^Dzicwoi'iski 
and iiis co-workers have investigated several 
of the naphthol-l:S-dicnrboxylic acids in the 
course of work on acenaphthene. By sulphona- 
tion of acenaphthene. followed by oxidation and 
fusion with canstic potash at 250’, 2-hydrory- 
naphthalic anhydride, m.p. 242’, was made (Bull. 
Acad. Polonaise, 1926, A, 209). 4-Chloro- 
naphthalic anhydride and 4-bromonaphtiial- 
aminoinu'de, on alkali fusion, give ^•hydroxy- 
naphthalic anh/dridc, m.p. 2,80’ (idem, ibid. 
1927, A, 05 ; 1928, A, 507). The 2-, 3-, and 4- 
.sulphonaphthalic acids have been described 
(idem, ibid. 1928, A, 405), and the mode of 
coupling of the three corresponding liydroxy- 
compounds investigated. 3-llydroxynnphthalic 
acid couples normally in the 4-position, but 2- 
and 4-liydro.Ty-nnp))thalic acids oxcliango the 
l-carboxvl group for the azo-group (idem, Bor. 
1924, 57 '[B], 1540). 

3- Hydroxynnphlhalic acid is stated to give 
mordant dyes (Gesellsch., B.P. 220797 ; Kar- 
puschin and Ratnikova, Ukrain. Chem. J. 1937, 
122 ). 

DlWyDnOXYNArjITlLALE.S'EDIOAnBOXYLIC 

Acros. 

3:4- Dihydroxynaphthalic Acid, m.p. 
330°, is obtained from naphthalic acid by disul- 
phonation and fusion of the resulting 3:4 -disul- 
phonaphthalic acid mth caustic alkali (Dzio- 
woiiski and others, Bull. Acad. Polonaise, 1928, 
A, 507). Its anhydride, m.p. 324°, forma 
coloured lakes with iron, chromium, and 
aluminium salts (ibid. 1931, A, 531). 

2:7 - Dihydroxynaphthalene - 3:0 - dicar- 
boxylic Acid is obtained when the alkali salt 
of 2;7-diliydro.xjTiaphthnlene or its S-carboxjdio 
acid is heated with carbon dioxide under 
pressure. Its pyridinium salt is sparingly 
soluble (I.G., B.P. 395305). 

1:5 - Dihydroxynaphthalene - 2:0 - dicar- 
boxylic Acid is probably the constitution of 
the product formed by heating l:6-diliydroxy- 
naphthalone with potassium bicarbonate at 
230°. It decomposes at 290°, is nearly insoluble 
in water and its alkali salts show a blue fluores- 
cence in aqueous solution (Iloramelmavr. 
Monatsh. 1917, 38, 84; 1922, 43, 01; G>, 
296035; 290501), 
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naphthalene. 


NAPHTHAI.ENEPOLyOAllBOX'rXIC AciDS. 

A naphthdlenetricarhoxylic acid is obtained on 
oxidation of the terpene amyrin. It is character- 
ised by its methyl ester, m.p. 163—154°, and ethyl 
ester, m.p. 80-81° (Ruzicka, Huyser, Pfeiffer, 
and Seidel, Annalen, 1929, 471, 21). 

Naphthalene-l:4-.6:8-tetracarboxylic Acid 
results from oxidation of the condensation pro- 
duct of acenaphthene with malonyl chloride 
(Hochst, B.P. 240859) and nuclear substitution 
derivatives arise from oxidation of the corre- 
sponding acenaphthahc acids (I.G., B.P. 400069). 
A similar preparation can be carried out using 
succinic anhydride instead of malonyl chloride 
(I.G., B.P. 273321 ; 274103) or pyrenequinone 
can be oxidised with alkali h 3 rpoehlorite (I.6., 
B.P. 449192) or di, tri-, and tetra-halogeno- 
pyrenes can be heated with concentrated sul- 
phuric acid and the products oxidised (I.G., 
B.P. 421813). Its mono- and di-anhydrides can 
be used as sources of dyestuffs (I.G., B.P. 
364544). By condensation with aromatic o- 
diamines the dianhydride forms napldhoylene- 
henziminazoles some of which are important vat 
dyes (u. Autheaquinone Dyestuffs, Vol. I, 
p. 427). 

QUINONES. 

Of the three possible homonuelear naphtha- 
quinones only the 1:2- and 1:4- are known. 
Derivatives of 2:3-naphthaquinone are said to 
have been prepared, but Pieser (J. Amer. Chem. 
Soc. 1930, 52, 5219) from a comparison of the 
oxidation-reduction potentials of 2:3- and 2:6- 
dihj'droxynaphthalenes concludes that the 2:3- 
isomer cannot form a quinone (c/. Fries and 
Schimmelschmidt, Ber. 1932, 65 [B], 1502). 
Of the three possible heteronuclear naphtha- 
quinones only the 2:6 has been isolated. The 
so-called l:8-naphthaquinone of Meldola and 
Hughes (J.C.S. 1890, 57, 632) was subsequently 
found to be a dinaphthaquinone (Liebermann 
and Schlossberg, Ber. 1899, 32, 546 ; cf. Meldola, 
ibid., p. 868). 

Naphthaquinone derivatives occur in nature, 
to some extent, as plant colouring matters (see 
Macbeth, Price, and Winsor, J.C.S. 1935, 325; 
Price and Robinson, Natmre, 1938, 147). Im- 
portant natural derivatives are the anti- 
haemorrhagic vitamins (A group) (see K- 
ViTAMiN, Vol. VII, 87a), These are discussed 
imder alkylnaphthalenes (see also H. R. Rosen- 
berg, “ Chemistry and Physiology of the 
Vitamins,” 1942, Interscience Publishers, Inc., 
New York). 

The naphthaquinones are coloured substances. 
Some of the azo-dyes obtained by coupling diazo- 
compmmds with a- or jS-naphthol are identical 
with the phenylhydrazones of naphthaquinones. 
The naphthaquinones themselves are only im- 
portant for dyestuffs production when they or 
their derivatives can form coloured chelate com- 
pounds with metallic oxides; such metal com- 
jilexes can be formed, for example, by [/S-]naph- 
thaquinone-l-oxime, which is tautomeric with 
l-nitroso-jS-naphthol (cf. Kostanecki, Ber. 1887, 
20, 3147). The iron “ lake ” of this compound 
is a technically important pigment. 

The constitution of such “ lakes ” has been 


discussed in papers by Tschugaeff (J. pr. Chem. 
1907, [iij, 11, 76, 88) ; Werner (Ber. 1908, 41, 
1062, 2383) ; Liebermann (ibid., p. 1436) ; 
Morgan (J. Soc. Dyers and Col. 1921, 37, 43). 
The constitution of the most important. Pig- 
ment Green B, the iron complex of 1-nitroso-^- 
naphthol, is still not clear. Morgan and Moss 
(J.C.S. 1922, 121, 2867) remark that the iron 
lakes of quinoneoxime dyes are usually cited as 
ferrous compounds but that there is no evidence 
for this, and that green quinoneoxime-iron lakes 
can be produeed either from ferric or ferrous 
salts, but in the latter instance lake formation 
is aceoinpanied by oxidation. It is difficult to 
visualise that this can be the case with Pigment 
Green B which is usually prepared by interaction 
of a ferrous salt with the bisulphite compound 
of nitroSo-)S-naphthol. Robinson (J. Soc. Dyers 
and Col. 1921, 37, 229) differentiates between 
two types of metal compounds of nitroso-)3- 
naphthul ; a basic type (green) in which 1 atom 
of ferric! iron combines with 2 mol. of nitroso-jS- 
naphthc)! and a normal ferrous compound (green) 
in which 1 atom of ferrous iron combines with 

2 mol. of nitroso-;8-naphthol. The method of 
making Pigment Green B as described in G.P. 
356973 (Badische), in which a ferrous salt reacts 
with the bisulphite compound of nitroso-^- 
naphthol, specifically states that the usage of 
ferrous salt should be only 1 atom of iron to 

3 mol. of nitroso-j8-naphthol. There is insufficient 
published evidence to clarify the constitution 
completely but analysis of Pigment Green B 
shows it to contain approximately not only iron 
(1 atom) but sodium(l atom)to 3 mol. ofnitroso- 
^-naphthol (private communication). 

(i) [jS']Naphthaquinone (1:2- NapMhaquin- 
one). 



is obtained by oxidation of 1-amino-jS-naphthol 
by chromic acid or ferric chloride (see prepara- 
tion) or by oxidation of 2-amino-a-naphthol by 
nitrous acid (Grandmougin and Michel, Ber. 
1892, 26, 3430). 

Preparation . — ^This is very fully described by 
Fieser in Organic Syntheses, Vol. XVII, p. 68. 
In brief, 80 g. l-amino-jS-naphthol hydro- 
chloride is dissolved in 3 litres of water con- 
taining 5 c.c. of concentrated hydrochloric acid. 
A solution of 240 g. FeCl3,6H20 in 500 c.c. 
water and 90 c.c. of concentrated hydrochloric 
acid is then added all at once with good agitation. 
The [^-jnaphthaquinone separates immediately 
in a voluminous micro crystalline form which is 
filtered and well washed and dried on filter paper 
at room temperature in absence of acid fumes. 
The yield is 60-61 g. (93-94% theory). The 
product for all practical proposes may be con- 
sidered pure. 

Identrfioation . — ^As prepared above it consists 
of microorystaUine, pure golden-yellow needles, 
m.p. 145-147° (decomp.). If crystallised from 
alcohol it may be obtained as orange-red needles 
but the decomposition point is lowered by 10-20° 
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/pieser Ic.; cf. Lietermann and Jacobson, 
Annalen, 'l882, 211, 49). [/J-jNnplitl'fiq'unono 
differs from the [a-jisomor in being odourless 
and non-volatile in steam. It dissolves in dilute 
alkalis giving yellow solutions which rapidly 
oxidise with air. The crystal structure has 
been determined by X-ray o.vnminalion by 
Caspari (Proc. Roy. Soc. 1932, A, 136, S2). 

Reactions.— By sulphurous or hydriodic acid 
it is reduced to l:2-dihydroxynnplithalciio but 
with stannous elilorido to P-dinaphtJiaquino! 
(Stenhouse and Groves, J.C.S. 1878, 33, 416). 
Oxidation with ferric chloride gives mainly 3- 
ht/drox!/ - 2:2' - dinaphthyl - 1:4:3':4' - diquinom 
(Hooker and Fieser, J. Amor. Chcin. Soc. 1930, 
58 [B], 1216) which is the so-cnllcd di-fi~ 
naphthaquinonc oxide of Wichclhaus (Bor. 1897, 
30, 2199). With nitric acid it gives first 3- 
nilro-[fi-]7iaphthaquinone (Zacrtling. ibid. 1890, 
23, 175) and finally pIdhaUc acid (Stenhouse and 
Groves, l.c.), but with permanganate or di- 
chromate only pIdhaUc acid is obtained (Boswell, 
J. Physical Chem. 1907, 11, 119), O.vidntion 
with peracetic acid gives a-cnrioryallociminmic 
acid (Boeseken and Sloof, Rec. frav. cliim. 1930, 
49, 91). Chlorinated in acetic acid it gives 3- 
chloro- and 3:4-dichIoro derivatives (Zinckc, Bor. 
1886, 19, 2497). With phcnj’lhydraxine it gives 
the 2-hrjdrazone, m.p. 138° (red needles), isomeric 
with henzcncazo-^-naphlhol (Bamberger ibid. 
1897, 30, 614) and with hydroxylaininc the 
monoxime, identical with ^-nilroao-a-nnjddho] 
(Goldschmidt, ibid. 1884, 17, 215). It reacts 
with hydrazoic acid to give 4-aiuiuo-{l}‘]napfi~ 
thaquinone (Fieser and Hartwell, J. Amcr. Chem. 
Soc, 1935, 57, 1482). With aniline it yields 2- 
hydroxy-[a-]naphthaquinonc-i-anU convertible to 
2-anil{no-[a-}naphthaqainonc (Liebcrmann and 
Jacobson, l.c.; Zinckc, Bcr. 1881, 14, 1494). 
With l;2:4-triaminobenzenc it gives 3-amino- 
naplithophenazinc (Kehrmann and Mermod, 
Helv. Chim. Acta, 1927, 10, G2). With acetic 
anhydride and sulphuric acid or zinc chloride 
or phosphoric acid the iriacelatc of 1:2:4- 
trihydroxijnapUhalcnc is formed. With strong 
sodium bisulphite solution \-.2-dihydroxynaph- 
thalene-i-sulphonic acid is obtained and with 
thiosulphate and acetic acid \:2-dihydroxy- 
naphthalene-i-thiosidplionic acid (Bayer, G.P. 
71314; B.P. 825, 1893). With sulphuric acid 
it gives a black dyestuff for mordanted wool 
(Heyden, G.P. 113336; B.P. 3265, 1900); it 
may also be converted into vat dyestuffs (KaUo. 
G.P. 286161). ' 

(ii) [a-]Naphthaquinone {hi - Naphtha- 
qiiinone), 

O 



II 

o 


is obtained by oxidation of naphthalene witl 
ctoomic acid in acetic acid (Groves, J.C.S. 1873 
26, 209) or by oxidation of l:4-diaminonaphthn 
(Grandmougin and Michel 
Ber. 1892, 25, 977) or by oxidation of a-naphthyl 


amine or its 4-.sulphonic acid with chromic acid 
(Monnet. Reverdin, and Xoolting, ibid. 1879. 

12.2300). . „ ^ r 

Preparadon. — A convenient method of pro- 
p-aration from l:4-nmirionaplithol hydrochloride 
is fullv described by Fieser in Organic Synthc'^es, 
Vol. XVII, p, 69. In brief, 70 g. 4-nmino.a- 
naphthol hydrochloride is dissolved in 2,100 c.r. 
water at StV, 100 c.c. of concentrated .sulphuric 
acid added, and the mixture hc.atod to boiling to 
dis.solvo the precipil.ated sulphate. The hot 
solution i.s filtered, the filtrate delivering directly 
into a cold filtered .solution of 70 g. potaKsium 
dichromnte in 1 litre of water. The [a-Jnaphtha- 
quinono .«cpamto,s n.s fine yellow needles which 
,nre filtered, washed, and dried at 30-10°. The 
omdo product melts at 124-125° and can l>e 
recrystallisod from ether. I'he juVltl is 41—16 g. 
(78-^1% theoty) and the melting-point of the 
purified product 124-125°. It may nbo Ise 
Ijmrified hy .sublimation in steam under reduced 
pre-ssure {idem, ibid.. Vol. V, p. 79). 

Idndijicalion. — It crystailisea in yellow 
nccdlo.s, m.p. 125°, liegins to sublime l>elow 
100°, and is readily' volatile in ste.nn. It has the 
.same chamctoristic odour ns p-la'iiroquinone, i'< 
rendil3‘ polublo in most organic solvent.s but onl}' 
sparingly soluble in water or light jK'troleum. 
\V. A. Caspari (Proc. Royal Soc. 1932, 136, 

82) has made an X-ray examination of its 
ciystal filrurturc. 

Pcadioti.’i. — It is not redurod in the cold by 
sulphurous acid, but with tin and hydrochloric 
acid, or hydriodic acid and phosphorus is 
reduced to \:4-dihiidroTin>aphi},nl'n'. Piirlinl 
reduction leads to nnphl/inquinbydronc. In 
cnu.sUc soda saint ion atmospheric oxidation 
gives 2-hifdrory.[a-']naph(haquinonr, but witfi 
nitric acid or permanganate, phibnlic add is 
formed (Liehcrnmnn and Dittlor, .Annab-n. 
187G, 183, 243; .lapj) and Miller, J.C.S. KSS'I, 
39, 220). In acetic acid solution chlorine gives 
tho dichloridc, m.p. 176°, and hromiuo the 
dibromidc, m.p. 92° (Zinckc and Schmidt, Ber. 
1894, 27, 2757). 

[a-]Xaphthaquinono tmdergoea condensation 
reactions in which 3 mol. participate to form 
derivatives oftrinaphthohenzeno. When heated 
under pre.ssuro avith water at 1 20-130° (Badi.sclic, 
G.P. 350738) it is converted into [a-]iiaphtha- 
quinol and a complex yellow subatanco, reducible 
by hydrosulphilo, which has been identified ns 
Iriphthaloylbcnzcnc (I) (Pummeror, Liittringhaus 
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El al., Ber. 1938, 71 [B], 2569). By condensa- 
tion in sulphuric and acetic acids [a-]naphtha- 
quinone gires a mixture of the bis-anhy(too- 
compound of the corresponding naphthaquinol 
(11) (diacetate, m.p. 340-343°), and the fei- 
anhydro-compound, trinaphitiobenzene-irioxide. 



II. 


subliming at 300-330°/high vac. (Erdtmann, 
Proc. Boy. Soc. 1933, A, 143, 240). The last 
compound is also formed by the action of 
aluminium chloride on [a-]naphthaquinone in 
nitrobenzene at 60°, in high yield. It is in- 
soluble in organic solvents, and gives a green 
solution in 20% oleum, turning violet on the 
vater-bath (Marschalk, Bull. Soc. chim. 1938, 
[v], 5. 304). , 

With phenylhydrazine, [a-]naphthaqmnone 
yields the hydrazone, identical vrith benzeneazo- 
a-naphihol (Zincke and Bindewald, Ber. 1884, 
17, 3026) ; the latter boiled -with 10% acetic 
acid gives the isomeric 2-aniUno-[a-}naphtha- 
quinone (I.G., G.P. 470760) which is also formed 
by direct action of aniline on [a-]naphthaquinone 
in alcoholic solution. With hydroxylamine the 
monoxime is obtained identical with 4-mtroso-a- 
vaphthol (Goldschmidt and Schmid, Ber. 1884, 
17, 2064). It reacts with hydrazoic acid to give 
2-amino-[a-]naphthaquinone (Eieser and Hart- 
well, J. Amer. Chem. Soc. 1935, 57, 1482). 
With pyridine hydrobromide it reacts to form 
l-.4-dihydroxynapMlialene-2-pyridinium brom ide 
(Barnett, Cook, and Driscoll, J.C.S. 1923, 123, 
503). Unsaturated hydrocarbons such as buta- 
diene or isoprene react with [a-]naphthaquinone 
or its derivatives to give anthraquinone deriva- 
tives (Diels and Alder, Annalen, 1928j 460, 98 ; 
I.G., B.P. 320375 ; Eieser and Duim, J. Amer. 
Chem. Soc. 1937, 59, 1016). Its use in prepara- 
tion of vat dyestuffs is described in G.P. 267414 
and 267415 (CasseUa), G.P. 286161 (KaUe), 
G.P. 398878 (CasseUa). 

Ghloro Derivatives. — Several of the chloro 
derivatives of [a-]naphthaquinone have teen 
prepared by oxidation of chloro derivatives of 
naphthalene or naphthols. Thus, 2-chloro- 
[a-]naplitbaquin(me is obtained by chromic acid 
oxidation of l:3-dichloronaphthalene (Cleve, 
Ber. 1890, 23, 955) or of 2:4-dichloro-a-naphthol 
(Zincke, ibid. 1888, 21, 1036 ) ; • 2:6-dic7iloro- 
[a-Jnap/ittiaquinone (m.p. 148-149°) by chromic 
acid oxidation of 2:6-dichloronaphthalene (Claus 


and MiiUer, ibid. 1885, 18, 3076) ; 5:6-dicMoro- 
[a-Jnapiiftiaqiimone (m.p. 181°), b 3 ’^ chromic acid 
oxidation of l;2-dichloronaphthalene (HeU- 
strom, ibid. 1888, 21, 3269) ; 5:8-dichloro- 
[a-^napMhaquinone bj’ oxidation of l:4-dichloro- 
naphthalene (Guareschi, ibid. 1886, 19, 1155). 
Q-Ghloro-{p.-']naphthaquinone has been prepared 
from ;S-ehlorobutadiene and benzoquinone (Du 
Pont, U.S.P. 1967862). H'exacliloro-{a.-'\naph- 
thaquinone (m.p. 222-222-5°) is obtained from 
octaehloronaphthalene by oxidation with nitric 
acid (Schvemberger and Gordon, A, 1934, 1367). 

The most important chloro derivative is 
2:3 - dichloro - (a-]napMhaquinone, golden-yeUow 
needles, m.p. 196°. It was first prepared by 
nitric acid oxidation of naphthalene tetra- 
chloride, m.p. 182° (Helbig, Ber. 1895, 28, 505) 
but is most easily prepared from a-naphthol by 
sulphonation fqUowed by oxidation with chlorate 
and hydrochloric acid and the crude product 
chlorinated in hot acetic acid solution (UUmann 
and Ettisch, ibid. 1921, 54 [B], 269). It may 
be convenientlj' prepared also by chlorinating 
4-amino-a-naphthoI hydrochloride in acetic acid 
^■solution (Zincke and Cooksey, Annalen, 1889, 

I 255, 372) or by the action of thionyl chloride 
on l:4-dihydroxy-3-naphthylpyridinium chloride 
(Koenigs and Greiner, Ber. 1931, 64 [B], 1045). 
It is also obtained by action of hydrogen chloride 
in ether on 4-nitroso-a-naphthol (Angeletti and 
Pirona, A, 1939, 11, 58). It is insoluble in 
water, soluble in hot alcohol but sparingly 
so in cold. With boiling aqueous caustic soda 
it gives 3-chloro-2-hydroxy-la-Jnapht7iaquinone 
(Graebe, Annalen, 1869, 149, 3), and with 
aniline 3-c7)loro-2-anilino-[a-]nap7it7iaqui7i07ie, the 
second chlorine group being non-reactive 
(Schultz, ibid. 1881, 210, 189). If, however, the 
2-anilino-group is acetylated, the 3-chloro-group 
becomes mobile and can be replaced readily by 
amines (Fries and BiUig, Ber. 1925, 58 [B], 
1128) giving derivatives of 2:3-diamino-[a-]naph- 
thaquinone, or by mercaptyl groups to give 
products useful as dye components (Hoohst, 
G.P. 386998). 2:3-Dichloro-[a-]naphthaquinone 
reacts with oxythionaphthen to give vat dye- 
stuffs (KaUe, G.P. 197037). 

(iii) 2:6-Naphthaquinone, obtained by oxi- 
dation of 2:6-dihydroxynaphthalene with lead 
peroxide, forms reddish-yeUow prisms and is 
odourless and non-volatUe. Unlike [)3-]naph- 
thaquinone, it is an oxidising agent comparable 
with p-benzoquinone (WUlstatter and Pamas, 
Ber. 1907, 40, 1411, 3971). 

Hydkoxykaphthaqtonoxes. 

(i) 2-HYdroxy-[a-]naphthaquinone can be 
obtained by acid or alkaline hj-'drolysis of 2- 
amino-[a-]naphthaquinone (Graebe and Ludwig, 
Annalen, 1870, 154, 321 ; Diehl and Merz, 
Ber. 1878, 11, 1315) or by acid hydrolysis of 2- 
anilino-[a-]naphthaquinone (Baltzer, ibid. 1881, 
14, 1900). It is produced by air oxidation of 
an alkaline solution of [/8-]naphthaquinone-4- 
sulphonate (Kowalski, ibid. 1892, 25, 1659). 
It is also obtained by dissolving [jS-]naphtha- 
quinone-4-sulphonic acid in sulphuric acid and 
finaUy pouring on to ice (Aktienges., B.P. 26675, 
1897), but according to Eieser (J. Amer. Chem. 
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Soc, 1926, 48, 2922) the resulting product is a 
mixture of 2-hydroxy-[a-]naphthaquinone and 
4-hydroxy-[;8-]naphthaqumono. According^ to 
Pieser and Martin (Organic Syntheses, Vol. NXJ, 
p. 66) the most convenient method of prepara- 
tion is to oxidise l-amino-2-naphthol-4-sulphonic 
acid to [^.]naphthaquinone-4-8ulphonic acid 
which hy reaction with sulphuric acid in methyl 
alcohol gives the methyl ether of 2-hydroxy- 
[a-]naphthaquinone, easily hydrolysed vith 
hoUing dilute caustic soda to_ 2-hy(koxy-[a-J 
naphthaquinone, the overall yield being 46%. 
The product so obtained is in bright ycUow 
granular form and for most purposes is 
sufficiently pure (m.p. 188-189°). 

Identification. — It crystalh'ses from alcohol or 
sublimes in yellow needles, m.p. 191—192°, 
dissolves only sparingly in boiling water, de- 
composes carbonate, and dyes wool or silk 
yellow. The acetate, yellow scales, has m.p. 130° 
(Thiele and Winter, Annalcn, 1900, 311. 347). 

Eeactions. — ^It couples with diazo-compounds 
in acetic acid solution to give azo-dyes, the azo- 
group entering the 3-position (Kchrmann and 
Goldenberg, Ber. 1897, 30, 2126), but in an 
alkaline medium nitrogen is eliminated to give 
a 3-aryl-2-Jnjdroxy-la-'\napltthaqiiinonc (Ncun- 
hoeffer and Weise, ibid. 1938, 71 [B], 2703). 
Reduction with tin and hydrochloric acid gives 
h2:i-trihydroxynaphthalenc. With o-phcnylenc- 
diamine it behaves as if it were 4-hydroxy- 
[)3-]naphthaquinone, gi\Tng an azine (Kchr- 
man, ibid. 1890, 23, 2453 ; cf. Jlillcr, J.C.S. lOll, 
100, i, 465). In this connection it may bo noted 
that [a-] and [^-Jnaphthaquinones differ in 
absorption spectra only when substituent 
hydroxyl groups arc absent (Beck, hlacbcth, 
and Winzor, A. 1935, 347). 

3 - Nitro - 2 - hydroxy - [a-lnaphthaquinone is 
formed by nitrating [^-]napbthaquinono-4-sul- 
phonio acid or l-amino-2-naphthol-4-sulphonic 
acid in sulphuric acid below 50° (Aktienges., 
B.P. 26675, 1897). It is a crystalline product 
giving a yellow azo-dye with phcnylhydrazinc- 
sulphonic acid (Alrtienges., G.P. 102071 ; B.P. 
676, 1898). 

2 - Hydroxy - \a-'\naphthaquinone - 3 - snlphonic 
acid is formed by sidphonating 2-hydroxy- 
ra-]naphthaquinono ■with 25% oleum at 20° 
(Aktienges., G.P. 99769; B.P. 26675, 1897) and 
gives azo-dyes for wool by interaction with 
phenylhydrazinesulphonic acid (Alrticnges., G.P. 
101918 ; B.P. 676, 1898) or •with the hydrazine 
from l-amino-8-naphthol-3:6-disulphonic acid 
(Aktienges., G.P. 102070 ; B.P. 676, 1898). 

2 - Hydroxy - [a-1naphthaquinone - 6 - sulphonic 
acid is obtained by maintaining a mixture of 
[^-]naphthaquinone-4:6-disulphonic acid and 
sulphuric acid at 20° for several hours 
(Aktienges., G.P. 100703; B.P. 26676, 1897) 
or by o^dation of l:2-dihydroxynaphthaleno-6- 
sulphonic acid in caustic soda by hydrogen 
peroxide (Teichner and Weil, Ber. 1905, 38, 
3376). 

2 - Hydroxy - {a-']naphthaqmnone - 7 - sulphonic 
acid (Gaess, ibid. 1899, 32, 237) forma an azinc 
with o-phenylenediamine, reacting as if it wore 
4-hydroxy-[^-]naphthaquinone-7-sulphonic acid. 

(u) 6-Hydroxy-[a-]naphthaquinone \jug. 
tone ; regianin ; nucin) occurs in the green part 
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of w'ahiut shells (Brissomorct and Combes, 
Compt. rend. 1905, 141, 838; Combes, Bull. 
Soc. chim. 1907, [iv], 1, 803), but in nuts not 
freshly gathered is replaced wholly or partly by 
h3'drojuglono (Mylius, Ber. 1885, 18, 2567). It 
may be prepared by oxidation of l:4:5-tri- 
h5'droxynaphthaleno (hydrojuglone) with ferric 
chloride (JIj'lius, l.c.), or chromic acid (Bomthsen 
and Semper, ibid. 1885, 18, 204) or by oxidation 
of l:6-dihydrox5Tiaphtlinlcno with chromic acid 
mixture {idem, ibid. 1887, 20, 939 ; Willstfittor 
and Wheeler, ibid. 1914, 47, 2798) or by oxida- 
tion of 4:S-diamino-a-naphthol ■\\'ith ferric 
chloride (Friedlilnder and Silborstem, Monatsh. 
1902, 23, 517). It is interesting to note that the 
clmoming of Diamond Black PV (o-amino- 
phenolsulphonic acid — LS-dihj^droxjmaphtha- 
Icno) gives the chromium lake of the correspond- 
ing juglonc derivative {v. Vol. IV, 211c). 

Identification and Ilcaclions. — It crj'stallises 
in 3'cllowisb-rcd or brown needles, m.p. 151- 
154°, almost insoluble in water, and its aqueous 
solution, like walnut juice, stains the skin 
j’ollow. Chlorination in acetic acid gives 2:3- 
dichlorojuglonc, orange nccdlc.s, m.p. 149°, in 
wliich the 2-chlorino atom is easily' replaced by 
the hj'droxj'l or arylamino group (Wheeler, 
Dawson, and iVIcEwcn, J. Amcr. Chem. Soc. 
1923, 45, 1970). The tribromo derivative dyes 
silk and wool (Wheeler and Scott, ibid. 1910, 41, 
835). 

(iii) 6-Hydroxy-[j5-]naphthaquinone, m.p. 
165° (docomp.), is obtained bj’ oxidising 1 -amino- 
2:6-dihj'dro.xynaphthalono with ferric chloride 
(Kchrmann, Ber. 1907, 40, 1962). 

Its 4-sulphonic acid is obtained by interaction 
of l-nitroso-2:0-dihydroxynaphthalcno with bi- 
sulphite and oxidation of the resulting product 
(Bayer, G.P. 87900; B.P. 6035, 1893).“ 

(iv) 7-Hydroxy-[)3-]naphthaquinone, m.p. 
191°, is obtained by oxidising l-nmino-2:7- 
dihj'droxj'naphthalenc (Clausius, Bor. 1890, 
23, 522; Nietski and Knapp, ibid. 1897, 30, 
1123). 

Its 4-sulphonic acid is obtained in brown 
needles bj' oxidising l-amino-2:7-dihydroxy- 
naphthalenc-4-sulphonic acid with nitrous acid 
(Boniger, ibid. 1894, 27, 3051 ; Bayer, G.P. 
87900; B.P. 0035, 1893). 

(v) 8-Hydroxy-[)3-]naphthaquinoneisnot 
known, <l)ut its 0-sulphonic acid is obtained by 
oxidation of 8-hj’droxy-l:2-dinminonnphthnlone- 
0-sulphonic acid (Bayer, l.c.). 

(vi) 2:3- Dihydroxy - [a-]naphthaquinonc 
{iBonaphthazarin) is formed -when 3-amino-2- 
hydro-xy-[a-]naphthaquinono is healed with 
dilute hydrochloric acid at 180° (Diehl and Merz, 
Ber. 1878, 11, 1322) ; from l:4-diamino-2:3- 
diliydroxynaphthalcno with ferric chloride (Fried- 
Ifinder and Silberstorn, Monatsh. 1902, 23, 525) ; 
from [^-jnaphthaquinono by o.xidation with 
hypoehlorous acid (Zincko and Ossoubeck, 
Annalon, 1899, 307, 11; cf. Bamberger, Ber. 
1892, 25, 134, 891 ; Zincke and Scharfenborg, 
ibid., p. 409). 

Identification. — It crystallises in red needles, 
m.p. 280°, and dissolves -^vith a blue colour in 
caustic alkali, oxidising ■\vith air to colourless 
o-carboxyphenylghjoxylic acid. It is reduced to 
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either li2-.d-trihydroxy- or l-.2:Z-A-Utrahydroxy- 
naphthakne, dependent on the vigour of reduc- 
tion. Its diacetate forms colourless needles, 
m.p. 105° (Zincke and Ossenheck, l.c.). 

(vii) 6:6- Dihydroxy-[a-]naphthaquinone 
iorthonapUhazarin). Naphthazarin (u.t.) was 
once thought to have this constitution. 5:6- 
Dihydroxy-[o-]naphthaquinone was first syn- 
thesised by Dimroth and Boos (Annalen, 1927, 
456, 177) as part of their investigation into the 
constitution of naphthazarin. It was formed by 
nitration and reduction of 6-hydroxy-[a-]naph- 
thaquinone to give 6-amino-6-hydroxy-a-naph- 
thaquinone which by ferric chloride oxidation 
gave oritoaphthazarin. Although similar in 
appearance to naphthazarin, it has inferior 
dyeing properties. 

(viii) 6:8- Dihydroxy-[o-]naphthaquinone 
{Naphthazarin) was first prepared by Roussin 
(Compt. rend. 1861, 52, 1033, 1177) by heating 
l:6-dinitronaphthalene with zinc and sulphuric 
acid at 200°. For many years its constitution 
was believed to be 6:6-dihydroxy-[a-]naphtha- 
quinone, but the work of Dimroth and Ruck 
(Annalen, 1925, 446, 123), supported later by the 
evidence of Pfeiffer (Ber. 1927, 60 [B], 111) 
and Zahn and Ochwat (Annalen, 1928, 462, 81), 
showed that naphthazarin is 6:8-dihydroxy- 
[a-]naphthaquinone. The proof of constitution 
depends on the fact that it forms only a mono- 
borate and does not give an azine with o- 
phenylenediamine. 

Preparation . — ^The following process, described 
by Fierz-David and Stockar (Helv. Chim. Acta, 
1943, 26, 92), is claimed to give a 59% yield ; it 
is a modification of that of Bayer (G.P. 71386). 
l:6-Dmitronaphthalene (20 g.) is dissolved in 
400 g. of monohydrate and a solution of 7 g. 
of sulphur in 120 g. of 66% anhydrosulphuric 
acid added with cooling, the temperature being 
kept below 40°. After stirring for 30 minutes, 
the mixtine is poured on to 600 g. of ice, filtered, 
and the filtrate boiled. The filtered, washed, 
and dried naphthazarin can be sublimed at 
170-180° in a vacuum. 

Other patents have described the preparation 
in which hydrogen sulphide or sulphur chloride 
is used instead of sulphur (Bayer, G.P. 77330 ; 
B.P. 17673, 1892) ; it has also been stated that 
naphthazarin can be prepared from l:8-dinitro- 
naphthalene (Badische, G.P. 76922 ; 79406 ; B.P. 
3828, 1894). Fierz-David and Stockar (l.c.), 
however, ohtained no trace of naphthazarin from 
the 3 :8-isomer by their method, but a smaller 
amount was formed when aniline was added to 
the mixture. 

Properties . — ^Naphthazarin sublimes in brorvn 
needles with green lustre, is sparingly soluble in 
water but soluble in alkali giving a cornflower- 
blue solution and in sulphuric acid giving a 
magenta solution. It reacts -with phenyl- 
hydrazine to give a benzeneazo derivative of tri- 
hydroxynaphthalene (Charrier and Tocco, 
Gazzetta, 1923, 53, 431). It is a mordant dye- 
stuff giving violet-black lakes on chrome mor- 
dant, and is more important as the solubilised 
derivative (Alizarin Black S) obtained by 
reaction with sodium bisulphite (Badische, G.P. 
41618; B.P. 7835, 1887). Reaction with 

sodium bisulphite at 100° followed by oxidation 


of the resulting leuco-compound gives naphth- 
azarinsulphonic acid (Hochst, G.P. 116866). The 
diacetate of naphthazarin has m.p. 189° (Zincke 
and Schmidt, Annalen, 1895, 286, 36). 

Condensation of naphthazarin with salts of 
aromatic amines or their sulphonio acids in 
presence of boric acid gives black dyestuffs 
(Badische, B.P. 21297, 1897; 2468, 1904; c/. 
Fierz-David and Stockar, l.c.). 

The naphthazarin melt contains a “naphthaz- 
arin intermediate product,” the blue solution of 
which in water, when boiled, gives naphthazarin. 
It can be isolated by a number of methods 
(Hochst, G.P. 111683; B.P. 16295, 1899; 
Badische, G.P. 108561-2 ; 101372 ; B.P. 15709, 
1898 ; cf. Bayer, G.P. 104282 ; 105567). This 
intermeiate product has been widely investi- 
gated by dyestuff firms as a source of dyestuffs. 

(ix) 6:7- DihYdroxy-[a-]naphthaquinone 
formed by ferric chloride oxidation of 5-amino- 
2:3:8-trihydroxynaphthalene has only feeble 
dyeing properties. Its diacetate forms yellow 
needles, m.p. 66-67° (Friedlander and Silber- 
stem, Monatsh. 1902, 23, 532). 

(x) 6:6:8-Trihydroxy-[a-]naphthaquinone 
(naphthapurpurin) is obtained by boiling naphth- 
azarin with an equal weight of caustic soda in 1% 
solution until the colour changes to magenta 
(Badische, G.P. 167641; B.P. 9547, 1905) or 
with manganese dioxide and dilute sulphuric 
acid (Jaubert, Compt. rend. 1899, 129, 684). It 
forms reddish-brown needles, easily soluble in 
solvents, dyes wool orange-red chroming to black 
(Badische, l.c.), and when condensed with amines 
and sulphonated gives dyestuffs for chromed 
wool (Bayer, G.P. 127766). 

Naphthaquikonesulphonio Acids. 

(i) |j8-]Naphthaquinone-4-sulphonic Acid 
is obtained by oxidation of 2-aniino-l-naphthol- 
4-sulphonic acid (Witt and Kaufmaim, Ber. 
1891, 24, 3163) or l-amino-2-naphthol-4-sul- 
phonic acid with nitric acid. The latter method 
is fully described by Martin and Fieser (Organic 
Syntheses, Vol. XfM, p. 91). In brief, 300 g. of 
pure anhydrous l-amino-2-naphthol-4-sulphonic 
acid is added in portions to a mixture of 145 c.c. 
nitric acid (p 1'42) and 400 c.c. water at 25-30°. 
The finished thick reaction mass is diluted with 
175 c.c. saturated ammonium chloride solution, 
the mixture cooled to 0° and the ammonium salt 
of [)S-]naphthaquinone-4-sulphonic acid filtered, 
washed with ammonium chloride solution and 
finally with alcohol and ether, and dried at 
35-40°. The yield is 94-98% and the product 
pure enough for most purposes. It may be 
purified by conversion to the potassium salt. 

Reactions . — On nitration it yields Z-nitro-2- 
hydroxy-la-lnaphthaquinone and with sulphuric 
acid at 25° a mixture of 2-hydroxy-[a-1naphtha- 
quinone and 4 - hydroxy - [fi-lnaphthaquinone 
(Fieser, J. Amer. Chem. Soc. 1926, 48, 2922). 
Reduction by sulphurous acid gives l:2-di- 
hydroxynaphthalene-'i-sulphonic acid. Conden- 
sation with aromatic nitroso-compounds in 
presence of thiosulphate gives thiazines with 
elimination of the sulphonio group (Bayer, 
G.P. 83046) ; with aminonaphtholsulphonic 
acids followed by oxidation it gives oxazines 
(Dahl, G.P. 82740; B.P. 6163, 1895). 
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ffi-lNaphthaquinone-C-, 7-, and 8-inono- and 
4:^ 4:7-, and 4:8-di-sulphonic acids have been 
obt^ed by oxidising the corresponding amino- 

6-naphthokulphonic acids and used in llic 
preparation of thiazino dycstiifis (Bayer, G.P. 
84‘>33 ; B.P. 4767, 1893 ; Sandoz, G.P. 110705). 

(ii) [a-]Naphthaquinone-2-sulphonic Acid 
is obtained by nitric acid oxidation of 4-aniino-l- 
naphthol-2-sulphonic acid (Conrad and Fischer, 
Annalen, 1893, 273, 115) and by the action of 
potassium bisulphite on [a-]naphthaquinonc 
follou-ed by oxidation -with dicliromatc (Ficsor 
andFieser, J. Amer. Chem. Soc. 1935,57, 49t). 
It has been used in the preparation of vat dye- 
stuffs (Kalle, G.P. 2SG151). 



NArirrirAQurxoNEOxr5rr.s. 

Of the three naphthaquinoncoximes the only 
technically important one is [/5-]nnphthnquinonc- 
1-oxime (nitroso-[)S-]naphlhol). 

(i) 2- Nitroso - a- naphthol {[p-]naphtha- 
quinone-2-oxmc), 


NOH 


is obtained from (j9-]naphfhnquinono and 
hydroxylaminc hj’drochlorido (Goldschmidt, 
Ber. 1884, 17, 215); or from 1-hydroxy-^- 
naphthoic acid by action of nitrous acid 
(Reverdin and do la Harpo, ibid. 1893, 26, 
1280); or mixed -vrith the 4.o.xinio by action 
of nitrous acid on a-naphthol (Henriques and 
Dinski, ibid. 1885, 18, 700). It is also a product 
of the reaction of methyl alcoholic potash u-ith 
^-nitronaphthalenc. It crystallises in yellow 
needles, m.p. 152°, soluble in hot water and 
most solvents, forms green potassium and 
ammonium salts and greenish-yellow methyl 
and ethyl ethers (Fuchs, ibid. 1875, 8, 020). 

Beadions. — ■'With concentrated nitric acid in 
acetic acid solution it produces 2:4-di7n7ro-a- 
Tiaphthol; potassium ferriej’anide oxidises it to 
2-niiTO-a-naphthol. With sodium bisulphite it 
3 delds 2 - amino - 1 - naphthol - 4 - sulphonic acid. 
l^Tien boiled with aniline and acetic acid it gives 
2-anil{no-[a-Jnaphlhaquinoncanil as do 4-nitroso- 
a-napthol and 1-nitroso-^-naphthol (Brommo, 
1888, 21, 393). Like nitroso-^-naphthol, 
with hydroxylaminc it gives [fi-^naphthaquinonc- 
dioxime (Gol^chmidt and Schmid, ibid. 1884, 
^1^86), yields metallic salts (Ilinsky, ibid. 
1884, 17, 2589), and is a mordant dye linown as 
Gambme-R (c/. Aktienges., G.P. 00780). 
2-Nitroso-a-naphthol-4-sulphonic acid gives a 
chloride (Gans & Co., 
’ Hoffmann, Ber 

(ii) 4- Nitroso - a - naphthol {[a.]naphtha- 
quinone-4:-oxime) is formed when [a-lnaphtha' 
qiiinorm mteracte with hydroxylamino hydro 
cMonde (Goldschmidt and Schmid, ibid. 1884 
17, 2064); or mixed with [jS-lnaphthaquinonc- 
2-oxiine, by the action of nitrous acid on a 
naphthol. _ The latter reaction is carried out ii 
alcohol usmg zinc chloride and sodium nitrib 
and gives from 100 g. a-naphthol, 40 g ol 

VoL. Vni.— 25 


[a-]nnphthnquinone-4-oximo and 60- g. of 
f^-]nnphthaquinonc-2-oximo (Henriques and 
Ilin.sld, ibid. 1885, 18, 700). It cr 3 -stallises in 
needles, m.p. 190° (Fricdlandcr and Reinhardt, ^ 
ibid. 1894, 27, 240). dissolves easily in alcohol or 
other, gives a methyl ether, m.p. 98-100° (Ilinski, 
ibid. 1884, 17, 2590), and has no tinctorial 
power (Kostanocki, ibid. 1887, 20, 3147). 

Bcaclion-^. — With concentrated nitric acid it 
gives 2:4-dinilro-a-vaphthol ; with potassium 
fcrricyanido, A^-nitro-a-nnphlhol. Reduction iritli 
stannous clilorido converts it into d-amino-a- 
naphthol. Heated with aniline and acetic acid 
it gives 2-nniliiw-[a-^nnphthaquinoneanil as do 
2-nitroso-a-nnphthol and l-nitrosa-p-naphthol 
(Bromine, ibid. 1888, 21, 393). With hydrogen 
chloride in ether it gives 2:ii-dich!orO‘[a-]naph~ 
thaquinonc (Angelctti and Pironn, 1939, II, 58), 

The 2-sulphonic acid is converted to 2: i-dinitro- 
a-naphthol by nitric acid (Conrad and Fischer, 
Annalen, 1893, 273, 110). 

The 2‘.t>.di.<iulphouic odd, formed by action of 
concentrated caustic soda solution on a-nitro- 
na})hthnlcnc-3:S-disulphonic acid, forms n yel- 
low potasdnm fudt, KjA-t-I^HjO, and a green 
I basic potassium salt. Reduction give.s i-amino- 
1 ■naphthol-2-.'y-disulphonic add (Friedlandcr, Ber. 
189.5, 28, 153.5). 

Nitro Dcrivalifcs . — 5-A'ifro-f-nitrom-a-nap/i. 
thol (5-nilro-[a-]nnphthnquinono-4-oxime) pro- 
duced by heating l:S-dinitronaphthalcnc with 
12-23% anhydro-acid at 40-50°, crj'staUises in 
yellow needles, soluble in alkali to give a yellow 
.solution bccorninc: red when heated with zinc 
dust (Badischc, G.P. 90114; B.P. 149.5.5, 1890; 
Graebc, ibid. 1899, 32, 2877 ; Fricdli'inder, ibid., 
p. 3528; Fricdlrindcr and .Scherzer, r/. J.S.C.I. 
1900, 19. 339). With potassium fcrricyanide it 
gives ‘i-.b-dinitro-a-naphthnl ; with nitric acid 
2:A‘.!}-trinitro-a-naphthol, and with pcrmangaufito 
'3-nitrophthalic add. Reduced by ammonium 
sulphide or stannous chloride it gives 4:5- 
diamino-a-naphthol, but with tin and hydro- 
chloric acid C>-amino-\:-\-dihi/droryunphthaknc. 
Its 2:7 -disidphonic add, obtained by action of 
dilute caustic soda on I:S-dinitronaphlhalene- 
3:C-disulphonic acid at ordinaiy temperature, 
gives a yellow pofa.wiam salt, K;A-r2H;0, and 
a green ba.dc potassium .salt, and with dilute 
nitric acitl one of the sulphonic groups is 
replaced bv a nitro-group giving a nitro-di’cstuff 
(Kalle, G.P. 113003). 

7- Nitro-i-n{troso-a-7iaphthol (7-nit ro-[o-]naph- 
thnquinonc-4-oximo) obtained by heating 1:0- 
dinitronaphthalono with 15-17% nnh 3 'dro acid 
at 40-50° forms yellow needles, is soluble hi 
alkalis and on oxidation gives A-nitrojjhthalic 
add (Gracbc, Annalen, 1901, 335, 144). 

8- Nitro-A-nilroso-a-naphthol (8-nitro-[a-]nnph- 
thaquinone-4-oxinie) obtained by heating 1:5- 
dinitronaphthalcno with 12-23% anlij-dro-acid 
at 40-50° (Badische, G.P. 91391 ; B.P. 14955, 
1890) forms j-ellow needles dissolving in alkali 
to give a ycUow solution which becomes green 
when boiled with zinc dust. It is oxidised by 
ferricyanido to 4:8-dinitro-a-naphthol but with 
dilute nitric acid gives 2:4:S-(rinitro-a-naphthol. 
On reduction with tin and hydrocldorio acid it 
yields 4:8-diamino-a~naphlh6l. 

(iii) 1 - Nitroso - ^ - naphthol [[fi^naphtha- 
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quinone-l-oxime) is obtained by the action of 
nitrons acid on jS-naphthol (Fuchs, Ber. 1875, 
8, 1026 ; Hinski, Ber. 1884, 17, 2584 ; Groves, 
J.C.S. 1884, 45, 296 ; cf. Kohler, G.P. 25469). 
Its preparation is fully described by Marvel and 
Porter (Organic Syntheses, Vol. II, p. 60). In 
brief, 600 g. j8-naphthol is dissolved in a solution 
of 140 g. caustic soda in 6 litres of water, cooled 
to 0°, 250 g. sodium nitrite added followed by 

I, 100 g. sulphiuic acid (p 1-32) added over 
14 hours, the temperature being maintained at 
0° by addition of ice. The reaction mass is 
stirred during 1 hour, filtered, and well washed. 
The light yellow precipitate is dried in the air 
for four days and finally in vacuum over sul- 
phuric acid, the product (m.p. 106° and yield 
99%) being pure enough for most purposes. 

Identification . — ^It crystallises from alcohol in 
plates or prisms, m.p. 109'5°, is sparingly soluble 
in hot water and when pure is readily volatile 
in steam (Ihnski, Ber. 1884, 17, 2584). The 
cupric salt, CuAj (Knorre, ibid. 1887, 20, 283), 
and ferric salt, FeAj, are insoluble in water or 
50% acetic acid and the cobaltic salt, CoAj, is 
only slightly soluble in boiling 60% acetic acid. 
These properties can be used in the separation 
of copper, iron, or cobalt from other metals {cf. 
Knorre, Z. angew. Chem. 1893, 6, 264 ; Atack, 

J. S.C.I. 1915, 34, 641 ; Mayr and Feigl, Z. anal. 
Chem. 1932, 90, 15). The barium, potassium, 
and sodium salts are green (Ihnski, Ber. 1884, 
17, 2885). The insoluble ferrous salt of nitroso- 
^-naphthol is largely used as a green lake 
(Badische, G.P. 356973). The constitution of 
the iron compounds of nitroso-jS-naphthol is 
discussed on p. 3806. 

Reactions . — By dilute nitric acid or ferri- 
cyanide it is oxidised to l-nitro-fi-naplithol. 
Reduced with stannous chloride it gives 1- 
amino-fi-napMhol. In cold caustic soda solution 
with hydroxylamine it gives [fi-]naphthaquinone- 
dioxime, m.p. 180-181°, but if warm the 
anhydride, m.p. 78°, is formed (Kehrmann and 
Messinger, Ber. 1890, 23, 2815). Boiled with 
aniline and acetic acid it gives 2-anilino-[a-]naph- 
ihaquinoneanil (Bromme, ibid. 1888, 21, 393), 
but xmder milder conditions with aniline in 
benzene it gives l-imino-2-hydroxy-i-phenyl- 
iminonaphthaquinone (Soc Anon., B.P. 246482 ; 
cf. Lantz and Wahl, Bull. Soc. chim. 1929, [iv], 
45, 744). When the sodium salt of 1-nitroso-^- 
naphthol is heated alone, or better in pyridine 
or in aqueous caustic soda vdth a sulphonyl 
chloride, ring fission occurs and it is converted 
into sodium o-oyanocinnamate (Bayer, G.P. 
116123; Werner and Piguet, Ber. 1904, 37, 
4310; Weiler-terMeer, G.P. 411965). Chlorina- 
tion of l-nitroso-)9-naphthol in tetrachloroethane 
with sulphuryl chloride is said to give ^-chloro-1- 
nitroso-2-rMphthol, m.p. 168° (Marschalk, BuU. 
Soc. chim. 1928, [iv], 43, 1361). With aqueous 
potassium cyanide at 80-^5° l-nitroso-/S- 
naphthol gives l-amino-2-hydroxy-4,-cyanonaph- 
thalene, m.p. 200-201° (I.C.I., B.P. 381602 ; cf. 
Bradley and Robinson, J.C.S. 1934, 1484). 
With sodium bisulphite solution it gives a 
crystalline bisulphite compound, the constitution 
of which has been studied by Bogdanov (A. 1932, 
842, and A. 1933, 389) and is used as a mordant 
dye under the name Fast Printing Green. The 


bisulphite compound, imlike nitroso-)3-naphthol, 
couples with diazo-compoimds to give azo-dyes, 
but these have no commercial value (Dahl, 
G.P. 79583 ; 95758 ; Ashworth and Burger, B.P. 
11556, 1893). The most valuable reaction of 
the bisulphite compound is its conversion 
by mineral acid to l-amino-2-naphthol-i- 
sulphonic acid (Boniger, Ber. 1894, 27, 23 ; 
cf. Fieser, Organic Syntheses, Vol. XI, p. 12 ; 
Vol. XXI, p. 94). Nitroso-j3-naphthol has 
been proposed as a plasticising agent for 
rubber (Du Pont, F.P. 816395) ; imder the 
name Gambine-Y it is used as mordant dyestuff 
(Robinson, J. Soc. Dyers and Col. 1921, 37, 
229). 

l-Nitroso-2-naphthol-Q-sidphonic acid obtained 
by action of nitrous acid on ^-naphthol-6-sul- 
phonic acid (Meldola, J.C.S. 1881, 39, 40) gives 
an orange barium salt, a green basic barium salt 
and a green basic sodium salt (Hoffmann, Ber. 
1891, 24, 3741). With cobalt, nickel, and iron, 
co-ordinated compounds are formed, the iron 
complex (Naphthol Green-B) being a dyestuff 
for wool (Gans, G.P. 28065 ; 28901 ; cf. Ulrich, 
J.S.G.1. 1890, 9, 1126). 

The 3:6-disulphonic acid, obtained by the 
action of nitrous acid on j3-naphthol-3:6-disul- 
phonic acid can be used as a sensitive test for 
cobalt (Van Klooster, J. Amer. Chem. Soc. 
1921, 43, 746). 

1 - Nitroso - 2:6 - dihydroxynaphthalene (Bayer, 
B.P. 14230, 1889); l-nitroso-2:'J-dihydroxy- 
naphthahne, known as Gambine-B (Leonhardt, 
B.P. 17223, 1889) ; and nitroso-2-.8-dihydroxy- 
naphthdkne (Bayer, B.P. 14230, 1889) have been 
used as mordant dyes. 

ARYLNAPHTHALENES. 

The phenylnaphthalenes, or naphthylben- 
zenes, have been prepared by several different 
methods. They are not at present of technical 
importance. 

a-PhenyInaphthalene is a liquid, b.p. 
324r-326° (Mohlau and Berger, Ber. 1893, 26, 
1196; Chattaway, J.C.S. 1893, 63, 1186), b.p. 
334°/770 mm. (R. Weiss and K. Woidich, 
Monatsh. 1926, 46, 453). Chattaway, who 
obtained it, with some of the /8-isomer, by the 
interaction of a-chloronaphthalene and benzene 
in presence of aluminium chloride, described it as 
a soft waxy solid of indefinite m.p. up to 46°, 
but other authors have not obtained it in solid 
form. Mohlau and Berger separated it by 
fractional distillation of the mixed a- and /8- 
isomers obtained from diazobenzene and 
naphthalene. Weiss and Woidich synthesised 
it from 1-ketotetrahydronaphthalene and phenyl 
magnesium bromide, and T. Wagner-Jauregg 
from aa.diphenylethylene and maleic anhydride 
(Annalen, 1931, 491, 1). Grieve and Hey 
obtained it in small yield from diazotised a- 
naphthylamine and benzene (J.C.S. 1938, 108). 

According to F. Mayer and R. Schiffner, n- 
phenylnaphthalene changes to /8-phenylnaph- 
thalene at 360° in contact with silica or silicates 
(Ber. 1934, 67 [B], 67). 

a-Phenylnaphthalene can be characterised by 
nitration in acetic acid to a mononitro derivative, 
m.p. 135° {idem, ibid . ; Weiss and Woidich, l.c.. 
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give m.p. 132°), which, according to V. Vesely 
and F. Stursa is i-niiro-l-pJienylnaphthahne 
(CoU. Czech. Chem. Comm. 1933, 5, 343). These 
authors describe A-amino-l-phmylnaplithaUne, 
m.p. 73-74° {acelyl derivative, m.p. 167-168°), 
and other derivatives. Metlioxy derivatives of 

1- phenylnaphthaiene have been described by 
W. N. HoweU and A. Robertson (J.C.S. 1936, 
587). 

J3-Phenylnaphthalene has m.p. 101—102 
(Mohlau and Berger, l.c. ; Hey and Laughton, 
ibid. 1940, 374). The best preparative method 
appears to be that described bj' He3’' and 
Laughton, from nitrosoacet-/3-naphthalide and 
benzene. These authors prepared some of its 
substitution derivatives by the same method. 
Nitration of 2-phenylnaphthalene gives the 1- 
mVro-compound, m.p. 127° ; 2-plie.nyl-a-naphlhyl- 
amine has m.p. 104° (acetyl derivative, m.p. 
234°). 

^-IPhenylnaphtbalene has also been sj’n- 
thesised from diphenyl and succinic anlij'drido 
(Hey and WiUdnson, ibid. 1940, 1030; Wciz- 
mann, Bergmann, and Bograchov, Chem. and 
Ind. 1940, 59, 402) ; from deoxybenzoin and 
ethyl bromoacetato (F. S. Spring, J.C.S. 1934, 
1332), and from a-amino-)3-methoxy-^-phenjd- 
propionic acid (Carter and Van Loon, J. Amcr. 
Chem. Soc. 1938, 60, 1077). By the action of 
aromatic diazo-compoundsin alkaline solution on 

2- hydroxy-[a-]naphthaquinono (0. Ncunhocffcr 
and J. Weise, Ber. 1938, 71 [B], 2703), 2- 
hydroxy - 3 - aryl - [a-]naphthaquinonc3 are ob- 
tained. 

Diphenyinaphthalenes and some of their 
derivatives have been obtained by synthetic 
methods involving formation of the naphthalene 
ring. A specially interesting example is the 
reaction between diphenylketon, CPh2;CO, and 
phenylacetylene, which takes place at room 
temperature, to give 3:4-diphe7iijl-a-naphthol, 
m.p. 143-144°. The reaction has been studied 
in some detail by L. I. Smith and H. H. Hoehn, 
who show that the aryl group in the aiylacctylone 
is found in the 3-position in the 3:4-diaryl-a- 
naphthol. The last compound is also obtained 
from [a-]naphthaquinono and phenjd mag- 
nesium bromide (J. Amer. Chem. Soc. 1939, 61, 
2619; 1941, 63, 1175). H. M. Crawford has 
synthesised 1:2-, m.p. 109-5-110°, 1:3-, m.p. 
70-71°, and 2:3-diphenyl7iapldJialene, m.p. 86- 
87° (ibid. 1939, 61, 608) ; whilst F. Bergmann, 
H. E. Eschinarzi and D. Schapiro have prepared 
\-.2-diphenylnaphnialene, m.p. 114° (picralc, 
148°), and 1:2 :3-triphenylnaphthalene, m.p. 163° 
(ibid. 1942, 64, 557, 559). hi-Diplienybiaphlha- 
lene has m.p. 135-137° (Weiss, Aboles, and 
Knapp, Monatsh. 1932, 61, 162; Dufraisse and 
Priou, Bull. Soc. chim. 1938, [vj, 5, 602). 
2:6- Diphenylnaphthalene has m.p. 233-234° 
(Price and Tomisek, J. Amer. Chem. Soc. 1943. 
65, 439). 

DINAPHTHYL COMPOUNDS. 

Dinaphthyl compounds have been the subject 
of patents by industrial firms, both for their 
preparation and for their use as intermediate 
compounds. Three series of compounds are 
known, derived respectively from 1;1'-, 2:2'-, and 


l:2'-dinaphthjd. The most important, com- 
pounds technically are the l:l'-dinaphthyl-8:8'- 
and 2:2'-dicarboxy]ic acids, since they furnish 
by ring closure the important vat dyestuff 
anthanthrono (G.P. 280787, 1918 ; Kalb, Ber. 
1914, 47, 1724). (v. Vol. I, 420n). )3^' - Di- 
naphthol (2:2' - di - hydroxy - 1:1'- dinaphthyl) 
is readily converted into the hydrocarbon 
pervlene, which has been extensively investi- 
gated, though without technical success, ns a 
possible intermediate for vat dyes. ^)3'-Dinnph- 
thol also gives by dehydration dinaphthyleno 
oxide (I), and bj' oxidation dinnphth3-lonc 
dioxide (II) ; the latter can bo halogenated and 
oxidised to quinones which have been claimed 
as useful colouring matters (I.G., B.P. 298610; 
323806; 324017; 337061 ; G.P. 501324). 



Related to 2:2'-dinnphth}-l are Iho indigoid 
d3'cs of t3'po (III) (R = OMe, Br, etc.) obtain- 
able by oxidising 4-methoxy-a-naphthol (Russig, 
J. pr. Chem. 1900, [ii], 62, 53) and from 2:4- 
dibromo-a-naphthol (Willstiitter and Scluilor, 
Bor. 1928, 61 [Bj, 362 ; Goldschmidt and Wess- 
bechcr, ibid., p. 372). 

l:l'-Dinaphthyl, m.p. 100-5°, has been 
obtained b3' oxidation, pyrolysis or catal3-tio 
doh3'drogonntion of naphthalene (Smith, J.C.S. 
1877, 32, 559 ; 1879, 35, 225 ; Mo3’cr and Hoff- 
man, Monatsh. 1916, 37, 70S; I.G., B.P. 

356189) and b3' the action of metals on a-hnlo- 
genonaphthnlenes. It is probnbl3- best ])rc- 
pared by heating a-iodonaphtlinlcno with copper 
bronze (Ullmann and Bielecki, Ber. 1901, 34, 
2184; cf. Willgerodt and Schlosscr, ibid. 1900, 
33, 098; Spfi,th, Jlnnalsh. 1913, 34, 2013). 

It is converted into pcr3’lono by heating with 
aluminium chloride at l-i0° (Scholl, Seer, and 
Weitzonbock, Bor. 1910, 43, 2204) and is said 
to be isomerised to j3jS'-dinaphth3d b3' aluminium 
chloride in carbon disulphide (Weitzonbock, 
quoted by Scholl and Tritsch, Monatsh. 1911, 
32, 998, footnote). On nitration it gives mainly 
4-nitro- and 4:4'-dinitro-compounds (Schoopflo, 
J. Amor. Chem. Soc. 1923, 45, 1507). 

2:2' - Dihydroxy - 1:1' - dinaphthyl, m.p. 
218°, insoluble in water, soluble in alcohol atid 
ether, is readily obtained in good 3dold by 
oxidising j3-naphthol with hot aqueous ferric 
chloride and hydrochloric acid, or by iho U\1 
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TOBnn reaction from l-bromo-/S-naphthol (c/. 
Hinsberg, Ber. 1916, 48, 2095). 

Sulpbonated, it gives the 6-mono- and 6:6'- 
disidplionic acids (Joffe, A. 1936, 1503). It is 
converted into perylene by halogen compounds 
of phosphorus at 400-500° (Hansgirg and Zinke, 
Monatsh. 1919, 40, 403 ; B.P. 136564), and into 
1:12 - dihydroxyperylene when heated with 
aluminium chloride (Pereira, B.P. 191363; cf. 
G.P. 390619; 391825; 394437). When it is 
distilled with zinc dust or heated with zinc 
chloride, dinaphthylene oxide is formed 
(Schoepfle, l.c.), and with zinc chloride and 
ammonia, dinapTithyleneimine (Walder, Ber. 
1882, 15, 2166). It is converted into dinaphthy- 
lene dioxide by oxidation with silver oxide or 
sodium ferricyanide (Pummerer and Erankfurter, 
ibid. 1914, 47, 1493 ; cf. Pummerer, Prell, and 
Bieohe, ibid. 1926, 59 [B], 2159) or by catalytic 
oxidation in presence of vanadium pentoxide 
(Clemo and Spence, J.C.S. 1928, 2812). 

4:4'- Dihydroxy - 1:1'- dinaphtbyl, m.p. 
301-302°, was first obtained by ferric chloride 
oxidation of a-naphthol by Dianin (J. Russ. 
Phys. Chem. Soc. 1874, 6, 183) and its constitu- 
tion proved by Clemo, Cockbum, and Spence 
(J.C.S. 1931, 1265). By dehydration it is con- 
verted into a dinaphthylene oxide, but isomerisa- 
tion must first occur. Its dimethyl ether has 
m.p. 262° (CorbeHini, Gazzetta, 1939, 59, 391). 

2:7:2':7' - Tetrahydroxy - 1:1' - dinaphthyl 
is obtained by oxidation of 2:7-dihydroxy- 
naphthalene with ferric chloride (Brass and 
Patzelt, Ber. 1937, 70 [B], 1341). 

2:2'-Diamino-l:l'-dinaphthyI, m.p. 191°, 
is formed when jS-nitronaphthalene is reduced 
vmder conditions which might be expected to 
give the hydrazo-compound (Gumming and 
Ferrier, J.C.S. 1924, 125, 1109). Its diacetyl 
derivative has m.p. 236-236°. Heated at 240- 
250° it gives a dibenzocarbazole. 

3:3'-Diamino-l:l'-dinaphthyI, m.p. 270°, 
was obtained by Gumming and Howie (ibid. 
1932, 528) by reduction of the 3:3'-dmitro- 
compound (ChudSilov, Chem. Listy, 1925, 19, 
187). 

4:4'- Diamino - 1:1'- dinaphthyl (naphlhi- 
dine), m.p. 202°, is formed when a-naphthyl- 
amine is oxidised with ferric iron in 88% sul- 
phuric acid (Reverdin and de la Haipe, Chem.- 
Ztg. 1892, IG, 1687) and in small amount by the 
conversion of l:l'-hydrazonaphthalene with 
hydrochloric acid, although the main product 
is l:l'-diamino-2:2'-dinaphthyl (Nietzki and 
Goll, Ber. 1885, 18, 3254 ; cf. Vesely, ibid. 1905, 
48, 136). It is also obtained from 4;4'-dinitro- 
l:l'-dmaphthyl, m.p. 246°, the principal product 
of dinitrating l:l'-dinaphthyl (Schoepfle, J. 
Amer. Chem. Soc. 1923, 45, 1567), by reduction. 
Its diacetyl derivative has m.p. 363-364° (Gum- 
ming and Howie, l.c.). When the diamine or 
a salt thereof is heated with aluminium chloride 
it forms S-.lO-diaminoperylene (Comp. Nat. de 
Mat. Col., B.P. 208720). Its tetrazo deriva- 
tive is convertible into 4:4t'-dihydrozy-l:l'- 
dinaphthyl (CorbeUini, l.c.). 

2:1'-Dinaphthyl, m.p. 79-80° (Wegscheider, 
Ber. 1890, 23, 3199) is obtained by passing 
naphthalene through a red hot tube (Smith, 


J.C,S. 1877,' 32, 560; 1879, 35, 227). Its 
picrate has m.p. 155-166°. 

2:2'-Dinaphthyl, m.p. 187-8° (corr.), is ob- 
tained as one of the products by passing naphtha- 
lene through a red hot tube (Smith, l.c., cf. Meyer 
and Hofmann, Monatsh., 1916, 37, 708) ; or 
over a catalyst at 800° (I.G., B.P. 366189) ; or 
by action of copper powder on j8-iodonaphtha- 
lene (Ullmann, and GiUi, Loewenthal and Sleyer, 
Annalen, 1904, 332, 50) ; or from ^-chloro- 
naphthalene and sodium or from ^-naphthyl- 
amine by diazotising and reacting in alcohoUc 
solution with zinc and copper sulphate (Chatta- 
way, J.C.S. 1895, 67, 656). It crystallises in 
blue fluorescent plates giving fluorescent solu- 
tions. It is only sparingly soluble in most sol- 
vents but is readily soluble in carbon disulphide, 
ethylene dibromide, and hot benzene. With 
chromic acid and acetic acid it is oxidised to the 
hi-guinone, accompanied by a little 1:4:1':4'- 
diqninone. By sulphonation with a deficiency 
of sulphuric acid at 200°, a monosulphonic acid 
has been obtained and with increased quantity 
of sulphuric acid two isomeric disulphonic acids 
are formed (Smith and Takamatsu, ibid. 1881, 
39, 551). 

l:l'-Diamino-2:2'-dinaphthyl is the main 
product of reaction of l.-l'-hydrazonaphthalene 
with hydrochloric acid (Nietzki and Goll, Ber. 
1885, 18, 3254 ; Vesely, ibid. 1905, 48, 136). 
Heated with hydrochloric acid it loses ammonia 
with formation of dibenzocarbazole. 

DrNAPHTHYLD10AnBOXYI.IC AciDS. 

The dinaphthyldicarboxylic acids which have 
attracted investigators are the l:l'-dinaphthyl- 
2:2'- and 8:8'-dicarboxylic acids, both of which 
by cyclisation in sulphuric acid produce anthan- 
throne. They have been prepared (a) by heating 
the appropriate chloronaphthoic ester with 
copper bronze ; (b) from the appropriate amino- 
naphthoic acid or ester by diazotising and 
treating the diazo-compound with ammoniacal 
cuprous oxide ; (c) from 2:2'-diamino-l:l'- 

dinaphthyl through the tetrazo-compound and 
the dinitrile. The second is technically the most 
attractive procedure. 

(i) 1:1'- Dinaphthyl - 2:2'- dicarboxylic 
Acid has been obtained by methods (a) and (c) 
(Kalb, ibid. 1914, 47, 1724), and (6) I.G., B.P. 
278100). The acid, m.p. 268-5-270°, has been 
resolved into optically active forms by means 
of the quinine salt (Kuhn and Albrecht, Annalen, 
1928, 465, 285). 

(ii) 1:1' - Dinaphthyl - 8:8' - dicarboxylic 
Acid has been prepared by methods (a) and (6) 
(i.c.). The acid has m.p. above 300°, the ethyl 
ester m.p. 183°. The acid has been resolved 
into d- and Z-forms (CorbeUini, Atti. R. Accad. 
Lincei, 1931, 13, 702 ; Meisenheimer and Beiss- 
wenger, Ber. 1932, 65, 32). 

In conclusion the writers must acknowledge 
their indebtedness to Professor W. P. Wynne, 
whose article in the 1922 edition of this Dic- 
tionary has been freely used. The general 
scheme of that article has been retained, and 
large sections of it have been preserved 
practicaUy imchanged. * 

E. H. R., H. S., E. G. B., W. R. H. H. 
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PART II. ALKYLNAPHTHALENES 

and their derivatives. 

Synopsis of the Subject. 


a- and |S-MethyInaphthalenes (p. 389n). 

Higher Alkylated Naphthalenes (p. 390&). 

Derivatives of a-MethyInaphthaiene (p. 3936) : Halo- 
geno Derivatives (p. 3936); ffitroDeiivatiycs 
(p 394o) : Sulphonlc Acids (p. 394(i) ; Amino 
Derivatives (p. 3956) ; Hydroxy Derivatives 
(p. 3960). 

Derivatives of I3-Methylnaphthalene (p. 397a) ; 

Halogeno Derivatives (p. 397o) ; Nitro Deriva- 
tives (p. 3976) ; Sulphonio Acids (p. 39/rf): Amino 
Derivatives (p.398o) ; Nitro-amlnes and Dwmlncs 
(p. 3986) ; Hydroxy Derivatives (p. 398^ ; 2- 

Methylnaphthaciuinones (p. 399o) ; Aoyl Deriva- 
tives (p. 399d). 

Ethyinaphthalenes (p. 399(i). 

Propylnaphthalenes (p. 401a). 

Butyinaphthalenes (p. 402a). . 

Dimethyinaphthalenes (p. 402c). 

Trimethylnaphthalenes (p. 404a). 

Polymethylnaphthaienes (p. 4056). 

Naphthylacetic Acids and Homologues (p. 4006). 


Naphthyi Alkyl Ketones (p. 40Gd). 

Naphthyl Aryl Ketones (p. 408a). 

Benzyl Derivatives of Naphthalene (p. 408<i). 


a- AND jS-jMETHYLNAPHTHALENES. 

Monomethylnaphthalenes and tlieir higher 
homologues, ■tvhich bear the same relation to 
naphthalene as toluene, the xylenes and their 
homologues to benzene, are present in the higher 
fractions of coal-tar distillates. E. Reingruber 
first isolated a fraction having the composition 
of methylnaphthaleno (Annalon, 1881, 206, 376), 
and A. Emmert and F. Reingruber soon after- 
wards showed dimethylnaphthalcno to be 
present (ibid. 1882, 211, 365). Schulze (Bor. 
1884, 17, 842) seems to have been the first to 
separate approximately pure a- and j3-mothyl- 
naphthalenes, taking advantage of the fact that 
the jS-compound, having a higher melting-point 
than the a-, can he frozen out in a fairly pime 
state from mixtures containing it. Later, 
Wichelhaus used this method on a coal-tar 
fraction, b.p. 232—262°, and effected final purifi- 
cation through crystallisation of the picrates. 
by which means he claimed to have ehminated 
diphenyl from the methylnaphthalencs (ibid. 
1891, 24, 3918). Yet both Schulze and Wichel- 
haus gave the melting-point of the a-picrato ns 
116-117° instead of 141°, from which it must 
be concluded that their a- contained much j8- 
methylnaphthalene, the picrate of which they 
eventually isolated from their a-methylnaphtha- 
lene. The true melting-point of the picrate of 
a-methylnaphthalene was given at about the 
same time by R. Meyer and H. Fricke (ibid. 
1914, 47, 2770) who obtained both a- and p~ 
methylnaphthaleno from the tar formed by 
polymerising acetylene, and by Lessor (Annalen, 
1914, 402, 1) who made the first considerable 
study of derivatives of both isomers after they 
had been made commercially available by the 
German firm, GeseU. f. Teerverwertung m.b.H., 
Duisberg Meiderich. 

G. T. Morgan and E. A. Coulson found both 
a- and ^-methylnaphthaleno in the picrato- 
lorming oil from KinneU low-temperature coal 
tar. They encountered the difficulty of separ- 


ating pure a-methylnaphthalcnc, duo to its own 
low melting-point and to its forming a eutoctic 
with fi-methylnaphthaleno containing 19% ot 
the latter, having m.p. —45 to —44°. 
obtained pure a-methylnaphthalcno ns follows. 
After freezing out as much ^-isomer as possible, 
the mixed mcth 3 dnaphthnlcncs wore sulphonated 
with about t\\'icG tbeir weight of concentrated 
sulphuric acid below' 40°. The mixed sulphonio 
acids were then crystallised from 60% sulphuric 
acid, in which the a-methj'lnaphthnlcno-4-sul- 
phonic acid is much less soluble than tho^ ^- 
methj'lnaphthalenc-6- and -8-sulphonic acids. 
After two crystallisations the former is obtained 
pure; the sulphonio group is removed bj' 
hydrolysing with steam in 70% sulphuric acid 
at 150°, giving pure a-mcthjdnaphthaleno 
(J.S.C.I. 1934, 53, 73t). E. A. Ck)ulson has also 
described the isolation of ^-mcthj’lnaphthalcno 
from a fraction of neutral oil, b.p. 236-244°, from 
high-temperature tar obtained from horizontal 
gas retorts. The method used was ns follows. 
The fraction was distilled, the portion having 
b.p. 235-245° was washed with 60% sulphurio 
acid, neutralised, dried, and again fractionnll.v 
distilled. The portion of b.p. 232-243° was 
subjected to a process of fractional crj’.stallisa- 
tion at successively’ higher temperatures, starting 
at —18°, until eventually a product of m.p. 
30-33°, 98% ^-mcthvlnaphtlmlene, was obtained 
(ibid. 1911, 60, 123).' 

In a later paper, Coulson obtain^ a-mcthj'l- 
naphthaleno of high puritj’ from a fraction rich 
in the a-isomcr (77% a) by sulphonating in tho 
cold and diluting tho mixture to give 34% sul- 
phuric acid ; on cooling, nearly pure a-mcthyl- 
naphthnlono-4-sulphonic acid separates, and is 
further purified by two rccrystnllisntions from 
34% sulphuric acid. Bj’ hydrolysis with dilute 
sulphuric acid it gives a-methyfnaphthalono of 
98'3% purity (ibid. 1913, 62, 177). A partial 
separation of a- and j3-mcthylnnphthnlcnes can 
bo effected by sulphonating cold in presence of 
silv’or sulphate (giving only’ sulphonio acids with 
a-sulpho-groups) and desulphonaling first with 
sulphuric acid boihng below 124° to obtain a 
product consisting mainly of a-molhj’lnaphtha- 
lono ; when tho rate of hydrolysis slackens, tho 
concentration of sulphuric acid is raised until tho 
temperature reaches 140-150°, when tho ^- 
mothylnaphthaloncsulphonic acids are hj'dro- 
lyscd freely, giving a product rich in jS-methj-l- 
naphthalono (Coidson, l.c . ; B.P. 655981). 

Mair and Stroiff (see Table I) have separated 
both o- and /3-inothylnaphthalono from a 
petroleum kerosene fraction, using an efficient 
fractionating column. Their constants for the 
eutectic agree closely with those given bj’ Morgan 
and Coulson ; they give b.p. 148-3°/50 mm. ; 
m.p. —47° ; composition, 82-6% a, 17-6% )3. 

Both a- and )5-mothylnaphthalone3 have also 
been foimd in Borneo petroleum (H. 0. Jones 
and H. A. Wootton, J.C.S. 1907, 91, 1146) and 
m Rumanian oil (T. Cosciug, Petroleum, 1935, 
31, No. 41, 6; 1938, 84, No. 16, 3). G. T. 
Morgan reported )3-methylnaphthalono in tar 
l^m Dalton Main coal carbonised at 450° 
(Fuel, 1931, 10, 183). Cosciug failed to separate 
the a- and ^-methylnaphthaleno by fractional 
ciystallieation of the picrates (Is., 1933), 
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Table I, — ^SIethylnaphthalbnes. 


Qrienta 

tion. 

B.p. 

M.p. 

Density. 

Picrate, 

m.p. 

Som-ce. 


1-Methyl. 




141-142° 

Acetylene tar. 

Meyer and Prlcke, Ber 
1914, 47, 2770. 





141-142° 

Coal tar (Ges. filr 

B. Lesser, Annalen, 






Teerverwertung). 

1914, 402, 1. 


110 °/ 12 min. 



141° 

Keduction of 

I.G., G.P. 509149, 1930. 





C,oH7-CH2CI. 



244-787760 

-30-77° 

pM 1-0163 


Petroleum kerosene 

Mair and Streiff, J. lies. 


mm. 

±0-06° 

±0-0001 


fraction. 

Nat. Bur. Stand. 
1940, 24, 395. 

2-Methyl. 




116° 


Schulze, Ber. 1884, 17, 
842. 



37-38° 


115° 

Synthesis. 

Fittig and Liehmann, 






ibid. 1887, 20, 3182. 


240-241° 

37-38° 


115° 

Coal-tar distillate. 

Wichelhaus, ibid. 1891, 


32-33° 

. 

115-116° 

As for a-methyl. 

24, 3918. 

B. Lesser, l.c. 



241-147760 

34-44 

p-io 0-99045 


Petroleum kerosene. 

Malr and Streiff, l.c. 


mm. 

±0-02° 

±0-00005 





According to E. Mayer and R. Schiffner (Ber. ] 
1934, 67 [B], 67) a-methyl and a-ethyl-naphtha- 
lene are each converted into the )3-isomers when 
passed over silica gel at 420-430°. 

a-Methylnaphthalene has been found to be a 
good dispersing medium for use in the hydro- 
genation of coal (C. H. Fisher and A. Eisner, 
Ind. Eng. Chem. 1937, 29, 939). 

Synthesis. — a- and ^-Methylnaphthalenes have 
been sjmthesised by several methods. B. Fittig 
and J. Remsen (Annalen, 1870, 155, 114) pre- 
pared the a-compound from a-bromonaphtha- 
lene, methyl iodide, and sodium before it had 
been isolated from any other source. A better 
method is to condense naphthalene with 
formaldehyde and hydrochloric acid to form 
a-chloromethylnaphthalene, m.p. 31-32° (I.G., 
B.P. 337289) and to reduce this with zinc dust, 
alcohol, and ammonium chloride (I.G., G.P. 
609149), or with magnesium (Grummitt and 
Buck, J. Amer. Chem. Soo. 1943, 65, 295). 

j8-Methylnaphthalene was first synthesised by 
Fittig and Liebmann (Ber. 1887, 20, 3182). 
They condensed benzaldehyde with methyl- 
succinic acid, thereby obtaining two lactonic 
acids which on dry distillation gave two isomeric 
hydroxy -^-methylnaphthalenes, m.p. 89° and 
92°, each of which on distillation with zinc dust 
gave the same )S-methylnaphthalene, m.p. 37- 
38°. This melting-point agrees with that given 
by Wichelhaus (l.c.) but modem observers give 
a lower value (see Table 1). 

jS-Methylnaphthalene is available commercially 
in the United States, the m.p. being 32-5°, 
purity 98-6% (R. N. Shrove and J. H. Lux, 
Ind. Eng. Chem. 1943, 35, 306). 

HIGHER ALKYLATED NAPHTHALENES. 

Of the ten possible dimethylnaphthalenes, 
seven have been shown to occur in coal tar, 
namely the 1:2-, 1:6-, 1:6-, 1:7-, 2:3-, 2:6-, and 
2:7-isomers (O. Kruber, Angew. Chem. 1940, 
53, 70). The presence of dimethylnaphthalenes 
in the coal-tar fraction, b.p. 260-265°, was first 
shown by Emmert and Reingruber (Annalen, 
1882, 211, 365), but a practical method of iso- 
lating individual hydrocarbons was first pub- 


lished by R. Weissgerber and O. Kruber (Ber. 
1919, 52 [B], 346 ; cf. Ges. fiir Teerverwertung, 
G.P. 301079). By selecting suitable sid- 
phonating conditions, the sulphonio acids of the 
1:5-, 2:6-, and 2:7-isomers were obtained pure 
{see infra) and from them the hydrocarbons 
were recovered by hydrolysis. Later, by similar 
processes and by fractional crystallisation of the 
picrates, the other isomers mentioned above 
were isolated (0. Kruber, l.c.; Ber. 1929, 62 [B], 
3044), and also jS-ethylnaphthalenes. The di- 
methyl- and ethyl-naphthalenes are stated to 
constitute about 1-1-2% of the total tar. In 
the coal-tar fraction boiling at 280-290°, tri- 
methylnaphthalenes have been found, accom- 
panying acenaphthene, fluorene, and dipheny- 
leneoxide; 2:3:6-, 1:3:7-, and 2:3:5-trimethyl- 
naphthalenes were isolated. The trimethyl- 
naphthalenes constitute about 0-1% of the coal 
tar (O. Kruber, ibid. 1939, 72 [B], 1972; 1940, 
73 [B], 1174). Although most of these alkyl- 
naphthalenes are solid at the ordinary tempera- 
ture, the higher boiling coal-tar fraction is kept 
fluid because of the large depression of the 
freezing-point mutually exerted by the in- 
gredients. 

T. Cosciug has shown the presence of di- and 
tri-methylnaphthalenes in Rumanian crude oil, 
and succeeded in isolating the 2:6 and 2:3:6 
derivatives (Petroleum, 1938, 34, No. 17, 4; 
No. 20, 1). R. Meyer and H. Fricke claim to 
have isolated l:4-dimethylnaphthalene from 
their synthetic acetylene tar (Ber. 1914, 47, 
2770). 

All the ten possible di- and the fourteen 
possible tri-methylnaphthalenes are known ; 
they have been synthesised in the course of 
academic researches, more particularly in con- 
nection with the identification of the alkylated 
naphthalenes obtained by the dehydration and 
dehydrogenation of naturally occurring veget- 
able products. They are listed, together with 
higher homologous alkylated naphthalenes, in 
the Tables 11 and HI. The synthetic methods 
used in the preparation of the alkylated naphtha- 
lenes are very varied in detail, but they generally 
j consist in fusing a second ring on to a benzenoid 
1 compound which may already carry one or more 
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Orientation. 


1;2-Iiimethyl. 139-140715 
nun. 



265°/770nim. — 3"5° 
liquid. 


(o) 129-5-130-5 
(a) 130° 


(a) 130-131° 
(i) 141-143° 


l:3-l)imetliy). 10771 mm. 


126-142710 

[mm. 



1;4-Dimetnyl. 


(a) 141° 


118°/10 mm. 5-5-G-5° (a) 143-144° 

(corr.) 


264°/760 mm. 


1:5-Dimethyl. 


1:6-Dlmethyl. 


(a) 144° 

(a) 143-144° 
(5) 125° 


(a) 137-133° 


l:7-Dimethyl. 147-149°/10 
mm. 


258°/7G0nun. 



261-2C2°/7C0 

mm. 



1:8-Dimethj'l. 


2:3-Dimethyl 139-140715 
(gualene). mm. 

205-2667707 

mm. 


j (a) -123-124“ 

84-85° (a) 114-117° 

(a) 120° 

(a) 121’ 

Liquid. 


Liquid. (a) 141-142° 

03° (a) 148° 

(5) 100° 


2;6-Dimethyl. 


260-201° 



2:7-Ilimethyl, 2G2°/758mm. 90-97° (a) 135-130° 

(а) 135-136° 

(б) 167° 

97° (a) 133-134° 

97° 

m.p.Y30™®’® Ber. 1936, 68 [B], 2245. 


Source. 

Befcrcnco. 

Syntlicsis. 

From 1 - cidoro - 
mcthyl-2-mctliyl. 

Coal tar. 

Schroetcr, Llchtunstadt 
nndlrlncu, Ber. lOlS, 
61, 1687. 

Darzens and Levy, 
Compt. rend. 1930, 
202, 73. 

0. Kruber, Angeiv. 

Clicm. 1940, 63, 70. 
M. C. Kloetzel, .T. Amor. 
Chem. Soc. 1940, 62, 
1708. 

Syntliesis. 

Sj-ntbcsi.s. 

Barnett and Sanders, 
J.C.S. 1933, 434. 
Kloetzel, l.c. 


.Titkow and Boperf, 
.1. Amcr. Chem. Soc. 
1941, 63, 1984. 

Acetylene tar. 

4-Bromo-l-mctbyl 
bv Grlpnard and 
Me:S04 

From l-nietbyl-4- 
cldoromclUyi. 

SynllicsLs, succinic 
acid nietliod. 

Syntlicsis. 

It. Meyer and Ii. 
Fricko. ibid. 1014, 
47, 2770. 

Itoblnson and Tlionip- 
.son, J.C.S. 1032, 2015. 

Darzens and Levy. 
Compt. rend. 1930, 
202, 73. 

E. do B. Barnett and 
F. G. Sanders, l.r. 
.M.C. Kloetzel, 3. Amcr. 
Clicm. Soc. 1940, 62, 
1703. 

5-Broino-l -mctbyl, 
M£,Me2S04. 

Coal tar. 

From 5-mctbyl-o- 
tctralone. 

Vcscljr and Stursa, Coll. 
Czech. Chem. Comm. 
1931,3, 430. 

0. Knibcr, l.c. 

Butz, J. Amcr. Clicm. 
Soc. 1940. 62. 2557. 

Coal tar. 

Coal tar. 

Synthesis. 

Coal tar. 

U.F. 301079, Ucs. nir 
T c c r V e r vv 0 r t imp 
(1917). 

WcissRcrber and Km- 
her, Ber. 1019, 62 
(B),340. 

F. n. Kippinp and F. 
IVild, J.C.S. 1910, 
1239. 

0. Knibcr, l.c. 

Synthesis. 

Synthesis. 

Coal tar. 

Coal tar. 

Darzens and Heinz, 
Compt. rend. 1927, 
184. 33. 

Fcsoly and Medvedeva, 
Coll. Czccli. Clicm. 
Comm, 1931, 3, 410. 

Barnett and Sanders, 
l.c. 

Knibcr and Scliado, 
Ber. 1030, 69 [B], 
1722. 

0. Knibcr, l.c. 

Synthesis. 

Synthesis. 

Vcscly and ^tursa, l.c. 
Linsfead rl al., J.C.S. 
1937, 1155. 

Coal tar. 

Coal tar. 

Synthesis. 

Coal tar. 

M'eis.sporlicr, 1 91 9, 52 
(Bl, 370. 

0. Knibcr, ibid. 1020, 
62 [B], 3044. 

Barnett and Sanders, 
l.c. 

0. Knibcr, l.c., 1940. 

Bromluatlon pro- 
duct of lononc. 
Coal tar. 

Coal tar. 

Bacycr and Vllllper, 
Ber. 1800, 32, 2429. 
Gcs. filr Tcervenvor- 
tunp., G.P. 301079. 

0. Kruber, l.c., 1010. 


tunp, 6.P. 301079. 
WcissRcrbcr and Kru- 
ber, Ber. 1919, 62 

DcbydroBonation or Buzlcka et al., Hclv. 
triterpencs. Cliim. Acta, 1032, 16, 

431. 

2:2:7 - Trimctbyl - SenRiiptn, J. pr. Cliem. 

tctralin. 1938, [ii], 161, 82. 

Coal tar. O. Knibcr, l.c., 1940. 

Garfit and Irimcsou, Ber. 1041, 74 [B], 1812, give 
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Table HE. — ^TRiMETErELiirAPHTHAiENBS. 





(a) Picrate, 



Orientation. 

B.p. 

M.p. 

(5) Styphnate, 

Source. 

Keference. 


m.p. 



1:2:3 

125-130'’/12 mm. 


(а) 142-5” 

(б) 145-5” 

Synthesis. 

i. Puzicha and 1. 
Ehmann, Helv. Chlm. 





Acta, 1932, IS, 140. 

1:2:4 

146°/12 mm. 


(а) 147-5“ 

(б) 123-5“ 

Synthesis. 

Idem, ibid. 


125-126''/0-6 mm. 

54-55” 

(a) 148-148-5” 

Synthesis. 

M. C. Kloetzel, J. Amer. 



0) 123-124“ 


Chem. Soc. 1940, 62, 
1708, 3410. 




49-50” 

(a) 146-147“ 


C. L. Hewett, J.C.S. 




1940, 299. 

1:2:6 

147-148''/11 mm. 


(a) 137-138” 

Synthesis. 

Puzicka et at, Helv. 

(agathalene). 


0) 131” 


Chlm. Acta, 1930, 13, 
1411. 



33-5” 

(a) 139-140“ 

Dehydrogenation of 

Heilbron and Wilkin- 




tetracj/cZosgna- 

lene. 

son, J.C.S. 1930, 
2546. 


1:2:6 



(a) 122-123“ 

From bromination 

Baeyer and Villiger, 



prQductAOf 

ionone. 

Ber. 1899, 32, 2429. 




146''/10 mm. 


(o) 120-121“ 

Synthesis. 

Puzicka and Ehmann, 



(6) 148” 


l.c. 

1:2:7 




Dehydrogenation of 

Puzicka et at, Helv. 

(aapotalln). 




sapogenin and 

Ghim. Acta, 1932, 15, 




other compounds 
of triterpene type. 

431. 

Puzicka and Ehmann, 



143'’/13 mm. 


(a) 129“ 

Synthesis. 



0) 156” 


tc. 




(a) 130-5-131-5“ 

Synthesis. 

E. SpSth and 0. 




(6) 169-5-160” 

Hromatka, Monatsh. 
1982, 60, 117. 


1:2:8 

152-155°/14mm. 


(a) 133“ 

Synthesis. 

Puzicka and Ehmann, 



0) 144-5” 


lx. 


143-145‘'/18mm. 

47” 

(o) 141-142“ 

Synthesis. 

Heilbron and Wilisin- 

■H 


(6) 138“ 


son, J.C.S. 1930, 
2537. 



139-5°/10 mm. 

43” 

(a) 140” 

Synthesis. 

Puzicka and Ehmann, 



0) 136-5” 


tc. 

1:3:6 

140-144710 mm. 


(a) 115“ 

Synthesis. 

Puzicka and Ehmann, 



0) 148“ 

tc. 

1:3:7 

131-13379 mm. 


(a) 142” 

Syntliesis. 

Puzicka and Ehmann, 


13-5” 

0) 151-5“ 

Coal-tar heavy oil. 

tc. 

0. itruber, Ber. 1939, 







72 [B], 1972. 

1:3:8 


48” 

(a) 125“ 

Synthesis. 

Heilbron and WUldn- 




0) 140-5“ 


son, l.c. 

1:4:5 

145712 mm. 

63” 

(a) 144-145“ 

Synthesis. 

Puzicka and Ehmann, 




(6) 129-130” 


l.c. 



63° 

(a) 146“ 


E. de B. Barnett and 




0) 146” 


F. G. Sanders, J.C.S. 
1933, 434. 

1:4:6 

140-142715 mm. 


(a) 133” 

Sj-nthesis. 

Puzicka and Ehmann, 




0) 114 


l.c. 

1:6:7 



(a) 122” 

Sjmthesis. 

Wilkinson, J.C.S. 1931, 

(=2:3:5) 

138712 mm. 


0) 148-149” 


1333. 



(a) 122-5“ 

Synthesis. 

Puzicka and Ehmann, 



28” 

(6) 146“ 


l.c. 



(o) 125“ 

Synthesis. 

Barnett and Sanders, 


140712 mm. 


0) 149“ 


l.c. 



(a) 125-126“ 

Synthesis. 

Pope and Bogert, J. 




0) 147-5-148-5” 


Org. Chem. 1938, 2, 
276. 

2:3:6 

146-148714 mm 


(a) 130” 

Synthesis. 

Puzicka and Ehmann, 


2867762 mm. 


0) 165“ 


tc. 


102° 

(a) 130“ 

Coal-tar heavy oil. 

0. Ember, Ber. 1939, 





72 [B], 1972 ; Angew. 
Chem. 1940, 53, 70. 
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alkyl substituents. For instance ^-tolylbutyrio 
acid may be cyclised to give 7-methyl-l-keto- 
1:2:3:4 - tetrahydronapbthalene, -whence 2 - 
methylnaphthalene can be obtained or, by a 
Grignard reaction followed by dehydration and 
dehydrogenation, a l-alkyl-7-methylnaphtha- 
lene : 



Examples of synthesis -will be given under 
specific compounds. 

Dialkylnaphthalenes of the 1;4-Beric3 can bo 
obtained according to Scott, Walker, and the 
Du Pont Co., by the reaction of the l:4-disodium 
addition compound of naphthalene -with an 
alkyl hahde in ether, and dehydrogenation of the 
dialkyl - 1:4 - dihydronaphthalone so obtained 
(U.S.P. 2150039). 

Ethyl and higher alkyl groups can bo intro- 
duced into the naphthalene nucleus by several 
methods not available for introducing methyl 
groups. Acylnaphthalenes, e.g., acotylnaphtha- 
lenes, by reduction give the corresponding 
alkyinaphthalenes. Olefins such as ethylene, 
propylene, and isobutylene condense with 
naphthalene under the influence of a variety- of 
catalysts to give alkyinaphthalenes. Alcohols 
such as isopropyl and isobutyl alcohols con- 
dense -with naphthalene in concentrated sul- 
phuric acid giving mixtiures of mono- and higher 
alkylated naphthalenesulphonic acids which 
have important industrial applications ns wet- 
ting agents. Other methods of preparing 
secondaiy alkyinaphthalenes depend on the 
appheation of the Grignard reaction to esters 
of naphthoic acids and to naphthyl alkyl 
ketones. 

Alkyl halides can be condensed -with naphtha- 
lene in presence of aluminium chloride, and 
alcohols in presence of boron trifluoride. 

DERIVATIVES OF 
a-METHYLNAPHTHALENE. 

Halogeno Derivatives. 

\-GlilorometliylTiapMhalene is formed when 
hydrogen chloride is led into a mixture of 
naphthalene, aqueous formaldehyde, and hydro- 
chloric acid at 60-65° for ten hours. The oil 
which separates gives on distillation 1-chloro- 
methylnaphthalene, b.p. 153°/12 mm.: m.n. 
31-32° (I.G., B.P. 337289). In a sinjjjar manner 


H-nilro-l-cJihromethylnaphlJiahnc, m.p. 96-9/ , 
is obtained from l-nitronaphthalcno (I.G., B.P. 
473622); furtlier chlorination of the product 
by means of chlorine in the presence of an 
antimony halide and a solvent gives 4-c7iloro-5- 
nilro-l-chloromcthr/InaphtJialcnc, m.p. 130-131° 
(I.G., B.P. 529587). The nitration of 1-chloro- 
methj'lnaphthalcne (8-nitro derivative, m.p. 
105°) is described by V. A. Ismailski and A. N. 
Kozin (Compt. rend. Acad. Soi. U.R.S.S. 1940, 
28, 621). 

J. S. H. Davies and A. E. Oxford (J.C.S. 1931, 
221) chlorinated 1 -methylnaphthalene and from 
the product obtained 1-cliloromcthylnaphtha- 
lenc in silvery flakes, m.p. 29'5-30'6°. The 
preparation and reactions of l-naphlhyhncthyl 
magnesium chloride have been studied b3' H. 
Gilman and J. E. Kirb^' (J. Amor. Chom. Soc. 
1929, 51, 3476). 

The action of bromine on l-mothj’lnaphthalcne 
in sunlight at 230° gives l-bromomcthylnaph(ha- 
lene, m.p. 46-46° (W. Wislicenus and H. Elvert, 
Bcr. 1916, 49, 2822; c/. F. Mayer and A. 
Sicglitz, ibid. 1922, 55 [B], 1835). Olivier and 
Wit (Rcc. trav. chim. 1937, 56, 866) give m.p. 
53° for the pure compound, whilst F. E. King 
and T. Hcnshnll (J.C.S, 1945, 417) give m.p. 
55°. J. von Braun and K. Moldacnko (Bcr. 
1923, 56 [B], 2165) obtained the compound bj' 
the action of phosphorus pentnbromido on bonz- 
a-naphthylmcthylamide, m.p. 154°. Itish’ghlj' 
lachrymatory. 

B-Methoxy-a-naphthylmclhylbromidc has m.p. 
98° (Sboesmith and Rubli, J.C.S. 1927, 3101). 

Nuclear chlorination of a-mcthj'lnaphthnlcnc 
is brought about by heating with sulphured 
chloride at 36-10°, when 4~chloro~l-mcthyl- 
naphthalene, b.p. 278-283°, is obtained (I.G., 
B.P. 263844). 2-Chloro-l-mcthylnaphthalcnc was 
prepared b^’ R. Scholl, C. Scer, and A. Zinko 
(Monatsh. 1920, 41, 689) from the fi-a/nino- 
compound ; it has b.p. 144-145°/12 mm., and on 
nitration gives two nitro derivatives, m.p. 133- 
134° and 70-80° respcctivelj'. 

8-Chloro-l-mclhylnaphthnknc was obtained bj’ 
L. F. Fieser and A. JI. Scligman (J. Amor, Chom. 
Soc. 1939, 61, 136) from l:8-chlorobromonaph- 
thalcne by the action of its magnesium com- 
pound with dimethyl sulphate. It has m.p. 
68-69°, picrak, m.p. 138'5-139'5°. In the same 
way from l:S-broraoiodonaphthalono they pre- 
pared 8-bromo-l-melhylnaphthaJcnc. 

By exhaustively chlorinating a-mothylnaph- 
thaleno in the cold and boiling the product with 
alcoholic potassium hydroxide, 0. Schorlor (Bor. 
1891, 24, 3927) obtainod a trichloro-a-mcthyl- 
naphthalene, m.j). 145-6°. 

i-Bromo-l-melhylnaphthalenc is obtainod by 
brominating 1-mothylnaphthalono in the dark 
in_ carbon disulphide (F. Moyer and A. Sicglitz, 
ibid. 1922, 55 [BJ, 1835) or carbon totracldoridc 
(R. Robinson and H. W. Thompson, J.C.S. 1932, 
2016). The latter authors obtained the com- 
pound crystalline, m.p. 6-5-6-0° (corr.), b.p. 167- 
158°/10 mm., picrak, m.p. 120-127°r L. F. 
Fieser and A. M. Sehgman (J. Amor. Chom. Soc. 
1939, 61, 136) say that a bettor preparative 
method is to brominate potassium 1-mothyl- 
naphthaleno-4-sulphonato in aqueous solution, 
! t'-IiP pulphonic group is displaced by 



394 


NAPHTHALENE. 


V 

bromine. They give m.p. 7°, picrate, m.p. 128- 
129°. 

The following bromo-1-methylnaphthalenes 
were prepared by V. Vesely, E. Stursa, H- 
OlejniiSek, and E. Eein (Coll. Czech. Chem. 
Comm. 1930, 2, 145) by the diazo-reaction from 
amino-compounds : 

2-bromo-l-methylnaphthalew, m.p. 35—36° ; 
picrate, m.p. 105-106°. 

2-bromo-l-methylnapMhahne, m.p. 46-47°; 
picrate, m.p. 83-84°. 

5-bromo-l-methylnaphthalene, m.p. 63-64° ; 
picrate, m.p. 110-111°. 

S-bromo-\-inethylnaplit}ialene, m.p. 80°; pic- 
rate, m.p. 152-153°. 

1- A-dibromo-l-meihylnapMTialene, m.p. 58-59°. 

T-Bromo-l-methylnaphthalene, b.p. 124-125/3 
mm. (picrate, m.p. 92-5-93-5°) was synthesised 
by L. P. Eieser and A. M. Seligman (J. Amer. 
Chem. Soc. 1938, 60, 170) from p-bromophenyl- 
butyryl chloride through 7-bromotetralone, m.p. 
76-77°. 

2- Iodo-l-methylnaphthalene, m.p. 51-5°, was 
prepared by SchoU and Tritsch (Monatsh. 1918, 
39, 233) from the 2-ammo-compound. “ViTien 
heated with copper powder at 220-260° it gives 
l:l'-dimetliyl-2:2'-dinapMhyl, m.p. 230° (cf. 
Mayer and Schnecko, Ber. 1923, 56 [B], 1408). 

Nitro Derivatives. 

The nitration of 1-methyhiaphthalene has 
been studied by R. Lesser (Annalen, 1914, 402, 
1) (who was the first to examine systematically 
the substitution products of 1- and 2-methyl- 
naphthalenes), by V. Vesel^, E. Stursa, H. 
Olejnifiek, and E. Rein (Coll. Czech. Chem. 
Comm. 1929, 1, 493) and by H. W. Thompson 
(J.C.S. 1932, 2310). According to Thompson, 
nitration in acetic acid, acetic anhydride or 
nitromethane with pure nitric acid at 0° or with 
nitric acid,p 1-42, at 15° all give the same result. 
Nitration takes place readily and the tempera- 
ture must be controlled. The main product, 
about 70% (Thompson) is 4c-vitro-\-methyl- 
naphthaleve, m.p. 68-69° (Vesely e< al.), with 
some 6-nitro-, less 2-nitro-, and, according to 
Vesely, a trace of 8-nitro-l-methylnaphthalene. 
According to Lesser, oxidation of 4-nitro-l- 
methylnaphthalene with permanganate gives 
no trace of an acid, but a small yield of 4-wifro- 
l-vaphthoic acid can be obtained by heating 
it with 8% nitric acid for 12 hours at 135-140°. 

Eurther nitration of 4-nitro-l-methylnaphtha- 
lene gives 45% of 4:5-dinitro-l-methylnapMha- 
lene, m.p. 143° (Thompson, l.c. ; Vesely et al., 
CoU. Czech. Chem. Comm. 1930, 2, 145), some 
2A-dinitro-\-metliylnapMhalene, m.p. 160-161° 
(Vesely et al.), a small amount of i:8-dimtro-, 
m.p. 122-123° (Thompson), and a trace of a 
dinitro - 1 - metliylnaphtlialene, m.p. 176°. By 
nitrating 2:4- or 4:5-dinitro-l-methylnaphtha- 
lene, Thompson obtained 2\4:\5-trinitro-l-m.ethyl- 
naphthalene, pale yellow prisms, m.p. 170°. 
Characteristic colours are given when, to a solu- 
tion of 2;4-dinitro- or 2:4;5-trinitro-l -methyl- 
naphthalene in alcohol or acetone, caustic soda 
or ammonia is added. 

2:4-Dinitro-l-methylnaphthalene is formed 
when 2:4-dinitro-l-naphthylacetic acid is melted 


or treated with cold pyridine (V. Vesely and I. 
Pastak, BuU. Soc. chim. 1925, [iv], 37, 1444). 
The methyl group is reactive towards aromatic 
aldehydes and p-nitrosodimethylanUine. 

When 4-nitro-l-methyhiaphthalene is bromi- 
nated in ultra-violet light bromination takes 
place only in the nucleus, giving a monobromo-i- 
nitro-1-methylnaphthalene, m.p. 137-5-138-5°, 
and a ietrabromo-A-nitro-\-methylnaplithalene, 
m.p. 189-190° (decomp.) (Davies and Oxford, 
J.C.S. 1931, 221). 

The isomeric mononitro-l-methylnaphthalenes 
have aU been described by Vesely el al. (l.c. 
1929). 

2-Nitro-\-methylnaplithalene, m.p. 58-59°, was 
obtained from 2-nitro-4-amino-l-methylnaph- 
thalene. 

8-Nilro-l-metliylnapMlialene, m.p. 81-82°, from 

3- nitro-4-amino-l-methylnaplithalene. 
S-Nitro-l-methyhiaphthalene, m.p. 82-83°, from 

5- nitro-l-methylnaphthalene-4-sulphonic acid. 
Q-Nitro-l-methylnaphthalene, m.p. 76-77°, from 

6- nitro-6-ammo-l-methylnaphthalene. 
l-Niiro-l-methyhiaphthalene, m.p. 98-99°, from 

7- nitro-8-amino-l-methylnaphtha]ene. 

8-Nitro-l-methylnaphthalene, m.p. 63-64°, from 

its 4-sulphinic acid. 

According to R. E. Steiger (Helv. Chim. Acta, 
1933, 16, 793) 8-nitro-l-methylnaphthalene, m.p. 
65° (corr.), and its 5-sulphonamide, m.p. 236°, are 
both highly sensitive to light ; he attributes this 
to the close proximity of the nitro and methyl 
groups. 

Sulphonic Acids. 

When 1-methylnaphthalene is sulphonated 
with sulphuric acid at the ordinary temperature 
(K. Elbs and B. Christ, J. pr. Chem. 1923, [ii], 
106, 17) or with chlorosulphonic acid in carbon 
tetrachloride at 0° (R. E. Steiger, Helv. Chim. 
Acta, 1930, 13, 173) the principal product is the 

4- 8ulphonic acid (73% by Steiger’s method), and 
a small amount of an isomer shown by Vesely 
and Stursa (Coll. Czech. Chem. Comm. 1931, 3, 
328) to be the 5-sulphonic acid. At high tem- 
peratmes sulphonation, as in the case of naph- 
thalene, gives ;S-sulphonic acids. Eieser and 
Bowen (J. Amer. Chem. Soc. 1940, 62, 2105) 
prefer the chlorosulphonic acid method for 
preparing the 4-sulphonic acid. 

l-Methylnaphtbalene-i-sulphonic acid forms a 
barium salt, IHgO, and copper salt, dHgO; 
sulphochloride, m.p. 81° ; sulphonamide, m.p. 
174°; sulphonanilide, m.p. 158°; methyl ester, 
m.p. 107°; ethyl ester, m.p. 98° (Elbs and 
Christ, Z.C.). By nitration of the sulphochloride 
a mixture of the 5- and 8-nitro derivatives is 
obtained (Steiger, Helv. Chim. Acta. 1934, 17, 
1142, 1354). 5 - Nitro - 1 - methyluaphthalene-i- 

sulphonyl chloride decomposes at 170°, the amide 
has m.p. 228°, and anilide, m.p. 256° (decomp.). 
The derivatives of this nitro-aoid are all very 
sensitive to light. 

Reduction of 1 - methylnaphthalene - 4 - sul - 
phonyl chloride with zinc dust gives the 4- 
sulphinic acid, needles, m.p. 114^-116°, which 
forms a sodium salt, SHjO ; reduction with iron 
and hydrochloric acid gives the i-thiol (Elbs and 
Christ, l.c.). Methylnaphthalene - 5 - sulphonic 
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acid forms a sulphonamidc, m.p. 176-178° 
(Vesely, l.c.). 

Sulphonation of l-methylnaplithalene at 
higher temperatures gives mainly the 3- and 6- 
sulphonic acids. The 6-sulphonic acid was 
isolated as its barium salt hy K. Dziewodsld and 
T. Waszkowski (Bull. Acad. Polonaise, 1929, A, 
604) who at first considered it to be the 7-sul- 
phonie acid hut later the error was corrected by 
Dziewonski and M. Otto {ihid. 1935, A, 201). It 
was obtained by sulphonating with sulphunc 
acid (p 1-84) at 150-170° ; 1-mcthylnaplUhalenc- 
6-sulpli07iyl chloride has m.p. 120-122° ; sul- 
phonamide, m.p. 188-189°. Using ordinary con- 
centrated sulphuric acid at 110-120°, Vesely and 
Stursa (Coll. Czech. Chem. Comm. 1931, 3, 328) 
isolated, as the barium salt, l-methylnaphthalejic- 
d-sulphonic acid, characterised by the chloride, 
m.p. 124-125°, and amide, m.p. 143-144°. Lator 
Dziewonski and E. Kowalczyk (Bull. Acad. 
Polonaise, 1935, A, 559) stated that sulphona- 
tion with 100% sulphuric acid at 165-175° gives 
a mixture of 3-, 0-, and 7-sulphonio acids, the 
first two being separated through the different 
solubilities of their barium salts in water, whilst 
the barium salt of the last is soluble in alcohol. 
They give for l-7nethylnaphthalcne-l -sulphonyl 
chloride, m.p. 88°, sidphonamidc, m.p. 116°, but 
I.G., who prepared the 7-sulphonic acid by 
eliminating the amino group from l-mothyi-4- 
naphthylainine-7-sulphonic acid (B.P. 402408), 
give for the sulphonyl chloride m.p. 107° and 
siilphonamide m.p. 131° ; sulphonanilide, m.p. 
149°. The I.G. product was converted by caustic 
fusion into a naphthol of the same melting-point 
as the l-methyl-7-naphthol prepared by an 
independent route. 


Amino Derivatives. 

a - Naphthylmethylamine, CjqH^-CHo'NHj, 
sometimes called menaphthylamine, was first 
prepared by A. W. Hofmann (Ber. 1808, 1, 101) 
by reduction of a-naphth-thioamidc, 

CioH^-CS-NHo, 

with zinc and hydrochloric acid. It is a caustic 
liquid, b.p. 290-293°, forming a readily crystal- 
lisable hydrochloride and a platiuichloride. It has 
also been prepared by heating 1-menaphthyl 
chloride with hexamethylenetetramine in chloro- 
form (F. P. Bh'cke, C. E. Maxwell, J". Amor. 
Chem. Soc. 1939, 61, 1780). It forms a crystalline 
nitrite, readily decomposed by water to a- 
naphthylcarbinol (Bamberger and Lodter, Ber. 
1888, 21, 258). For the N-alkyl derivatives of 
1 -menaphthylamine, see J. von Braun and K. 
Moldaenke, ibid. 1923, 56 [B], 2165. 

AU the nuclear monoamino derivatives of 1- 
methylnaphthalene are known, see Table IV, 
and were obtained by reduction of the corre- 
sponding nitro-oompound, but the 7-amino- 
oompound was obtained in purer form by ami- 
nating the 7-hydroxy-oompound. Attempts to 
methylate naphthylamines in the nucleus have 
failed (see D. H. Hey and E. E. B. Jackson, 
J.C.S. 1936, 1783). 

Eeduction of 2:4-dinitro-l-methylnaphthalen6 
by hydrogen (platinum black) or by ammonium 
hydrogen sulphide gives 2-niiro-4-amiuo-l- 


Table IV.— Ajuno Derivatives of 1 
and 2-METIIYLNArnTIIALENES. 


Orienta- 

tion. 

M.p. 

I 

(a) Acetyl, 

(b) Benzoyl, 
m.p. 

References. 

MotNHz 

1:2- 

40-50° 

1 

(а) 188-189° 

(б) 222° 

VeseU et at., 

Coll. Czech. Chem. 
Comm. 1929, 1, 
493. 

1:3- 

08° 

(a) 172-173° 

Idem, ibid. 

1:4- 

61-52° 

(а) 100-107° 

(б) 238-239° 

Lesser, Annnion, 

1914, 402, 1. 

1:5- 

77-78° 

(а) 194-19.5° 

(б) 173-174° 

Vescl#’ el at., l.c. 

1:C- 

03-04° 

la) 123-124° 
(5) 155-150° 

i Idem, iOtd, 

i 

1:7- 

S5-SC° 

(n) 157-158° 

Vc.scly ami §tursa, 
Coll. Czcch.Chem. 
Comm. 1933, 6, 
170. 

1:8- 

07-08° 

(a) 183-184° 

(b) 195-190° 

Vcscly° ct at., ibid, 
1929,1, 493. 

2:1- 


(o) 188° 

(6) ISO’ 

Lesser, l.c. 

2:4- 

51-52° 

(a) 175-170° 

VeseU and Kni)p, 
Chem. Llsty, 

1924, 18, 201, 

244. 

2:5- 

90° 

(a) 100-101° 

Vesely and I’dc 
Coll. Czech. Chem. 
Comm. 1930, 2, 
471. 

2:0- 

120-130° 

(a) 155-150° 

Dziewonski, Schoo- 
n6wnn,nndlVnld- 
mann, Ber. 1925, 
58(111,1211. 

2:7- 

105° 

(o) 152° 

Vcscl#' and Pic, l.c , 

2:8- 

57-58° 

(а) 181-183° 

(б) 194-195° 

Idem, ibid. 


methylnaphthalcnc, m.p. 131-132° (acetyl, m.p. 
230-231°), but reduction with stunnous chloride 
yields also i-nitro-2-amhio-l-melhylnaphthalcne, 
m.p. 126-128° (acetyl, m.p. 203-204°, Vesely 
cl al.. Coll. Czech. Chem. Comm. 1930, 2, 145). 
4-Bromo-2-amino-l-methyl- has m.p. 78° (acetyl, 
m.p. 223-224°) and 2-bromo-i-amiuo-l-mcthyl. 
naphthalenc,m.p.llS-lld°(aceti/l,m.p.20G-201°). 

Nitration of 4-acetamido-l-raothylnaphtha- 
leno with nitric acid (p 1-62) in acetic anh3’dridc 
solution gives ^-nitro-i-acclamido-l-mcthylnaph- 
thalene, m.p. 224-225°, whence ^-nitro-i-amiuo- 
l-methijlnaphlhalcne, m.p. 179-180°, is obtained. 
Similar nitration of 6-acetnmido-l-mothj'lnaph- 
thalene gives a mixture of 6- and S-nitro 
derivatives, whence are obtained Q-nitro-5- 
amino-l-mefhijl; m.p. 178-179° (acetyl, m.p. 
245-246°) and 8-niiro-5-amino-l-mclhylnaphlha- 
lene, m.p. 163-164° (acetyl, m.p. 197-198°). By 
nitrating 8-acetamido-l-moth3dnaphthalenc are 
obtained 5-nitro-8-amino-l-me(hjl-, -m.p. 162- 
163° (acetyl, m.p. 193-194°), and l-nitro-Z- 
amino-l-metlnjlnaphthalene, m.p. 150-1 62° (acelul, 
m.p. 186-187°) (Vesol;^ et al., l.c. 1929). 

Sulphonation of 4-amino-l-methylnaphthalono 
with 100% sulphuric acid, or a mixture of sul- 
phuric and chlorosulphonic acids at temperatures 
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from 100° to 160° gives a mixture of 65% of the 
2- and 35% of the 'i -sulpJionic acid (I.G., B.P. 
462465). 

The folloulng diamino-1-methylnaphthalenes 
have heen described : S'A-diamivc; m.p. 91° 
(Lesser, l.c., Vesely et ah, l.c. 1929), A.S-diamino- 
m.p. 64° (Thompson, l.c.), and S:6-diamino-, 
m.p. 151-152° (Vesely et ah, l.c .) ; 2A-diamino-, 
m.p. 93° (Thompson, J.C.S. 1932, 1830) ; 6:8- 
diamino- (Vesely et ah, l.c.). The diacetyl deriva- 
tive of 2:4:-diamino-\-methylnapTithalene, which 
was obtained by Thompson by a sjmthetic 
method as weU as from the diamine from the 
dinitro-compound, has m.p. 303°. 

Hydroxy Derivatives. 

a-Naphthylcarbinol, m.p. 59'5-60°, has been 
prepared by the action of nitrous acid on a- 
naphthylmethylamine (v.s.) and also by the 
action of formaldehyde on a-naphthyl mag- 
nesium bromide (K. Ziegler, Her. 1921, 54 [B], 
737). 

Hhe fdhowing 1-methyinaphthols have heen 
described. 

\-Methyl-2-napMhol, obtained by alkali fusion 
of the 2-sulphonic acid, has m.p. 110° (I.6., B.P. 
462645) ; also by reduction with zinc dust and 
sodium hydroxide of 2:2'-dihydroxy-l:l'-dinaph- 
thylmethane (Sleister, Lucius, and Briining, G.P. 
161450, 1904; m.p. 112°). It forms a methyl 
ether, m.p. 41-42° (Scholl and Neuberger, 
Monatsh. 1912, 33, 518), acetyl derivative, m.p. 
66°. The latter method was studied by Eries 
and Hubner .(Ber. 1906, 39, 435) and improved 
by Bobinson and Weygand (J.C.S. 1941, 387). 
Ihies and Hubner (Z.c.) describe Q-bromo-, m.p. 
129°, and 2-.G-dibromo-l-methyl-2-vaphthol, m.p. 
180°, and Vesely et al. {l.c. 1930) A-bromo-l- 
methyl-2-naphthol, m.p. 108-109°. 

l-Methyl-2-naphthol is also obtained when 
jS-naphthylamine hydrochloride is heated with 
4 mol. proportions of methyl alcohol at 240-250° 
(Hey and Jackson, J.C.S. 1936, 1783). 

The halogenation of 1 -methyl-2 -naphthol has 
been studied. Bromination proceeds normally 
in acetic acid solution (Fries and Hubner, l.c.) 
but chlorination, as with j8-naphthol, pursues a 
different course, giving first l-chloro-l-methyl-2- 
^Bto-\‘.2-dihydronaphthalene and then, by addi- 
tion of chlorine, l:3:i-trichloro-l-methyl-2-kelo- 
l:2:3A-tetrahydronaphthalene, m.p. 78°. In the 
course of this work 3-chloro-, m.p. 60°, and 
3A-dichloro-l-methyl-2-naphihol, m.p. 132°, were 
prepared (Fries and Hempelmann, Ber. 1908, 
41, 2614). 4-Chloro-l-methyl-2-7iaphthol, m.p. 
101°, was obtained by Fries {ibid. 1921, 54 [B], 
2928) from l-chloro-l-methyl-2-ketodihydro- 
naphthalene (c/. Fries and Engel, Aimalen, 
1924, 439, 232). 

The action of nitrous acid on l-methyl-2- 
naphthol presents interesting features. Accord- 
ing to conditions there may be obtained 1:2- 
methylnaphthaquinonitrole, m.p. 60° (I), which 
when warmed with acetic acid gives l:2-methyl- 
naphtha-i^-quinol, m.p. 89° (H) ; or l:2-naphtha- 
methylenequinone, m.p. 132° (HI) (Fries and 
Hubner, l.c.). The last compound was also 
obtained, m.p. 133-134°, by Pummerer and 
Cherbuliez (Ber. 1914, 47, 2957) by oxidising 


l-methyl-2-naphthol with alkaline ferrioyanide 
or with ferric chloride; on both physical and 
chemical grounds they rejected formula HI for 
the compound (which they called dehydro-1- 



m. 


methyi-2 -naphthol), and Pummerer later con- 
cluded that its most probable structure is (IV) 
{ibid. 1919, 52 [B], 1403). 



\-Methyl-3-iiaphthol, m.p. 81-82°, was ob- 
tained by Vesely et al. {l.c. 1929) from 1-methyI- 
3-naphthylamine, and by Vesely and Stursa 
(Coll. C^ech. Chem. Comm. 1931, 3, 328) from 
the 3-sulphonic acid. 

l.Methyl-4-naphthol was described by Lesser 
(Annaleo, 1914, 402, 1) as having a characteristic 
odour somewhat different from that of a- 
naphthol ; m.p. 84^-85°, benzoyl derivative m.p. 
81-82°. It was prepared from l-methyl-4- 
naphthylamine. 2-Bromo- methyl -4- naphthol 
has m.p. 128-129° (Vesely et al., l.c. 1930). 

l-Methyl-5-naphthol, from the amine, has 
m.p. 97^98° (Vesely et al., l.c. 1929; cf. Vesely 
and Stursa, Coll. Czech. Chem. Comm. 1931, 
3, 328). 

l-Melhyl-6-naphthol, from the 6-sulphom'c ' 
acid (Dziewonski and Otto, Bull. Acad. Polo- 
naise, 1935, A, 201), first described as the 7- 
naphthol, has m.p. 107-108°. 

l-Melhyl-l -naphthol, m.p. 69-70°, was ob- 
tained by Vesely and Stursa (Coll. Czech. Chem. 
Comm. 1933, 5, 170), by a synthetic method, via 
7 - methoxy - 1 - keto - 1:2:3:4 - tetrahydronaph- 
thalene, m.p. 67-68° ; and by I.G. (B.P. 462468) 
from l-inethylnaphthalene-7-sulphonic acid. Its 
methyl ether has m.p. 47-48°. 

Qil-Dimethoxy-l-methylnaphthalene, m.p. 110- 
111° {picrate, m.p. 116-117°) has been made by 
a synthetic method (Haworth and Mavin 
J.C.S. 1932, 1485). 
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DERIVATIVES OP 
^-METHYLNAPHTHALENE. 

Halogeno Derivatives. 

By passing a stream of chlorine into 2-methyl- 
naphthalene at 240-250°, Schulz (Ber. 1884, 
17, 1529) obtained 2-naplithylmethyl chloride 
{fi-menaphtliyl chloride), m.p. 47°, b.p. 168°/20 
mm. In a similar manner, brominating at 240°, 
he obtained ^-menaphthyl bromide, m.p. 66°, b.p. 
213°/100 mm. Both are highly lachrymatory". 
According to Olivier and Wit (Eec. trav. chim. 
1938, 57, 90) the best yield of the bromide, 37%, 
is obtained by brominating in the bght of a 
PbiUps “ solar bght ” lamp at 230°, and they 
olflim that the crude bromide can bo distilled 
without appreciable decomposition at 14 mm., 
whilst the pure compound loses hydrogen 
bromide forming a polymer Hg)n, the amount 
of decomposition depending on the kind of glass 
used, pyrex glass giving least decomposition. 

J. B. Sboesmitb and A. Mackic (J.C.S. 1930, 
1684) prepared l-c7iZoro-, m.p. 81°, and 2-chloro- 
2-naphthylmelhyl bromide, m.p. 97°, and studied 
their hydrolj'sis by aqueous alcohol ; the rates 
were approximately equal. 

The chlorination of 2-mcthylnaphthalenc in 
the cold was studied by Scherlcr (Bor. 1891, 24, 
3921). By prolonged chlorination he obtained a 
semi-sohd product from which was isolated a 
methylchloronaphthalene tetrachloride, 

CHg-CjoHeCkCI^. 

m.p. 148°, which when boiled with alcoholic 
potash gave a trichloro-2-mcthylnaphthalcnc, 
m.p. 182°, presumably the hZA-irichloro- 
compoimd since it gave phthalio acid on oxida- 
tion. Chlorination in the cold in sunlight gave 
a chloro-2-methylnaphthaleve, b.p. 159-lGl°/25 
mm., which formed a picrate, m.p. 100-107°. 

When 2-methylnaphthalcne was clilorinatcd 
in diffused light at 220°, 0. Achmatovaez and 
K. Lindenfeld (Rocz. Chem. 1938, 18, G9) 
obtained a complex mixture from Avhich they 
isolated l-chloro-2-meihylnaphthalene, b.p. 102- 
164°/30 mm., identical with Schorler’s com- 
pound, 2-naphthylmethyl chloride, 1 chloro-2- 
chloromethylnaphthalene, m.p. 78-79° and 2- 
dichloromelhyhiaphthalene, m.p. 114—115°. 1- 
Chloro-2-methylnaphthalene is also obtained by 
the action of sulphuiyl chloride on 2-methyl- 
naphthalene (I.G., B.P. 263844). 

Bromination of 2-methylnaphthalcno in car- 
bon disulphide gives a 70% yield of l-6romo-2- 
methylnaphthakne, b.p. 290-295°/760 mm. (pic- 
rate, m.p. 113°) (Mayer and Sieglitz, Bor. 1922, 
55 [B], 1835). Erom the corresponding amino- 
methylnaphthalenea Vesely and Kapp (Chem. 
Listy, 1924, 18, 201, 244) prepared 4-5romo- 
(picrate, m.p. 90-91°), 5-bromo- (picrate, m.p. 
91-92°) and 8-bromo-2-methylnaphthalene (picrate, 
m.p. 99-100°). 

Nitro Derivatives. 

2-MethyInaphthalene is readily nitrated, the 
principal mono-nitration product being 1-niiro- 
2-methylnaphthalene, m.p. 81° (Schulz, l.c., 
^sser, l.c,, and other authors). According to 
Vesel^ and Kapp (Chem. Listy, 1924, 18, 201, 
244), three other nitro-compounds are formed at 


the same time, namely, the 4-, 6-, and 8-nitro 
derivatives. VTion the crude product was 
reduced by alcoholic ammonium sulphide the 1- 
nitro-compound remained unattached, and the 
amines formed wore separated and identified by 
means of their acetyl or benzoyl derivatives. 
A-Nilro-2-mcthylnaphthalene, m.p. 49-60°, was 
prepared from 4-nitro-l-amino-2-mcthylnaph- 
thalcne. The following were prepared in a 
similar manner from nitroamines b}’’ Vesely and 
PA6 (Coll. Czech. Chem. Comm. 1930, 2, 471) : 
5-nilro, m.p. 61-02°; O-nitro-, m.p. 119°; 7- 
nitro; m.p. 105°; and 8-nitro-2-v\cthylnaphtha- 
lene, m.p. 30-38°. Vcscl^i and Kapp (l.c.) pre- 
pared 5-bromo-l-nitro-, m.p. 94°, and l-bromo-4- 
nitro-2-mcthylnaphthalcnc, m.p. 100-101°, and 
Vescl^, Medvedeva, and MiilJor (ibid. 1935, 7, 
228) chlorinated l-nitro-2-mcthjdnaphthnleno in 
the presence of ferric chloride to obtain 8- 
chloro-l-nitro-2-mcthylnaphthalcnc, m.p. 114°. 
The methyl group of l-nitro-2-mcthylnaphtha- 
leno is so reactive that the compound condenses 
with ethyl oxalate in the presence of potassium 
cthoxidc to form ethyl \-nitro-2-naphthyl- 
pyruvatc,and when excess of potassium cthoxidc 
is used, hV-dinitro-2:2.dinaphthylctharte, m.p. 
251°, is formed (Wislicenus and Thoma, Annalon, 
1924, 436, 02). 

By nitrating 2-mcthylna])hthnlcno-l-sulphon3d 
chloride, Vesely and PdC (l.c. 1930) obtained a 
mixture from wliich were separated 8-nitro-, 
m.p. 145°, and 5-nilro-2-mclhylnaphthalcnc-l- 
sitlphonyl chloride, m.p. 81-85°. These when 
reduced to sulphinic acids and hydrolysed with 
00% sulphuric acid gave the corresponding 
nitro-2-nxcthylnaphthalenc3, 

Dinitration of 2-mcth3dnaphthalcno gives at 
least two products, the ]‘.8-dinitro, m.p. 209°, 
and hr>-dinitro-2-mclhybmphthalcnc, m.p. 134°; 
thej' were also obtained b\- nitrating rcspcctivol}- 
8- and 5-nitro-2-mcthj-lnnphthalencs (Vesely 
and Kapp, l.c . ; Vesely and PaC, l.c.), S-Chloro- 
5:l-divitro.2-mcthyluaphthalenc has been pre- 
pared by Vcsclj' ami Medvedeva (Coll. Czech. 
Chem. Comm. 1931, 3, 440). 

Sulphonic Acids. 

Sulphonation of 2-mcthj’lnnphthaleno may 
give the 0-, 7-, or a mixture of the 8- and 1- 
sulphonic acids according to conditions. Using 
concentrated sulphuric acid, p LSI, in slight 
excess at 90-100° for 5-0 hours, Dziewonski, 
Schoend^vnn, and Waldmann (Ber. 1925, 58 [B], 
1211) obtained an 80% j’iold of 2-mcthyl- 
naphthalenc-G-sulphonic acid, isolated ns the 
barium salt (sulphonyl chloride, m.p. 97-98°, 
sidphonamidc, m.p. 205-200°, ethyl ester, m.p. 
79-80°). By sulphonating with 1 mol. propor- 
tion of cldorosulphonic acid n nitrobenzene 
solution at 30-40°, Dziewoiiski and Wulffsohn 
(Bull. Acad. Polonaise, 1929, A, 143) obtained 
2-7nclhyhiaphthalene-S-sulphonic acid (chloride, 
m.p. 94-90°, amide, m.p. 172-174° or 195-190° ; 
anilide, m.p. 102-104°), whilst Vesely and Pa6, 
using chlorosidphonic acid at —5° (Coll. Czech. 
Chem. Comm. 1930, 2, 471) obtained, besides 
the 8-sulphonic acid, a smaller quantity of 
2-methylnaphlhalene-l-sulphonic acid; the sul- 
phonyl chloride has m.p. 83-85°, amide, m.n. 
124°. • > 1 
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According to Siireve and Lux (Ind. Eng. Chem. 
1943, is, 306), the sulphonic acid'obtained by 
Eulphonating with 93% sulphuric acid depends 
on the temperature. At 40° the product is 
mainly the ^-sulphonic acid (75% yield), at 90- 
100° the e-snlpho7nc acid (90% yield), and above 
160° the ’i -sulphonic acid {chloride, m.p. 63-64° ; 
amide, m.p. 163-164°). 

Amino Derivatives. 

The properties of the six known amino-2- 
methyhiaphthalenes are included in Table IV ; 
they are usually prepared by reduction of the 
nitro-compounds with iron and acetic acid 
though the 6-amino-compound is obtained from 
6-hj’droxy-2-methylnaphthalen6 by the action 
of ammonia and ammonium sulphite at 150°. 
When the reduction is carried out with tin and 
hydrochloric acid, however, halogenation may 
also occur; thus l-nitro-2-methylnaphthalene 
imder these conditions gives 4:-chloro-l-amino-2- 
methylnaphthalene, m.p. 65° {acetyl derivative, 
m.p. 206°; benzoyl, m.p. 236-237°) (Lesser, 
Annalen, 1913, 402, 1). S-Chloro-l-amino-% 
metkylnaphthalene {acetyl, m.p. 214-215°) ob- 
tained by reduction of the nitro-compound has 
m.p. 89°. 5-Bromo-l-amino-2-methylnaphtha- 
lene has m.p. 53-55°. l-Amino-2-meihyl- 
naphthalene-4-sulphonic acid was prepared by 
H. E. Eierz-David and E. Mannhart (Helv. 
Chim. Acta, 1937, 20, 1024) and compared with 
naphthionio acid as an azo-dye component. 

The diazo-compoimds from l-ammo-2-methyl- 
naphthalenes show abnormal behaviour, due to 
internal reaction between the diazo and methyl 
groups. Thus 8-chloro-l-ammo-2-methylnaph- 
thalene gives, when its diazo derivative is boiled 
with ethyl alcohol, Q-chloro-[a-]naphthindazole, 
m.p. 159°, 



and 4-nitro-l-amino-2-methylnaphthaIene is 
similarly converted into 5-nitro-la-lnaphthin- 
dazole, m.p. 304-305°. The nitroso derivative 
of l-acetamido-2-methylnaphthalene gives [a-]- 
naphthindazole, m.p. 158°, when cautiously 
heated (Vesely, Medvedeva, and Muller, lx.). 

Bromination of l-acetamido-2-methylnaph- 
thalene has been studied by Shoesmith and 
Rubli (J.C.S. 1927, 3103) who obtained a poor 
yield of ‘i-bromo-l-amino-2-methylnaphthalene, 
m.p. 82° {acetyl, m.p. 223°). 

5-Bromo- has m.p. 63-5° {acetyl, m.p. 184-185°) 
and 8-bromo-l-amino-2-methylnaphthalene, m.p. 
84-85° (Vesely’ and Kapp, l.c.). 

Fries and Lohmann (Ber. 1921, 54 [B], 2912) 
showed that l-amino-2-methylnaphthalene sul- 
phate is oxidised by perhydrol to 2-methyl- 
[a-]naphthaquinone or, by slow addition of the 
perhydrol, to 4;4'-diamino-3;3'-dimethyl-l:l'- 
dinaphthyl, m.p. 213°. 

Nitro-Amines and Diamines. 

Some nitroamino derivatives of 2-methyl- 
naphthalene have been described by Vesely 


and Pa6 (CoU. Czech. Chem. Comm. 1930, 2, 
471). From the nitration of 8-acetamido-2- 
methylnaphthalene at 0° in glacial acetic acid 
they were able to obtain 5-nitro-S-ami7io-2- 
melhyhiaphthalene, m.p. 183° {acetyl, m.p. 229- 
230°) and 1-nitro-8-amino-2-methyl7iaphthalene, 
m.p. 185° {acetyl, m.p. 219-220°). I-.S-Diamino- 
2-methylnaphthalene, m.p. 80-81°, gives a 
pherlanthrazine, m.p. 295°. Similarly were pre- 
pared, from 6-acetamido-2-methyhiaphthalene, 

6-nitro-B-amino-, m.p. 171° {acetyl, m.p. 210- 
211 °) and 8-nitro-5-amino-2-methylnaphthalene, 
m.p. 167-169° {acetyl, m.p. 202°). 

By nitration of l-acetamido-2-methylnaphtha- 
lene, Vesely and Kapp (Chem. Listy, 1924, 18, 
201, 244; Rec. trav. chim. 1925, 44, 360) ob- 
tained the acetyl derivative, m.p. 240-241°, of 
d-nitro-l-amino-2-methylnaphthale7ie, m.p. 184- 
185°, reduced to l-.4-dia7nino-2-methylnaphtha- 
lene, m.p. 111-113°. By reduction of l:5-dinitro- 
2-methylnaphthaIene they obtained l-nilro-5- 
amino-2-methylnaphthalene, m.p. 134-135° (aceiyZ, 
m.p. 192°), and \‘.5-diamino-2-methylnaphthalene, 
m.p. 125-128°. They also obtained 5-niiro-l- 
amino-2-meihyl7Mphlhalene, m.p. 136-138° (acefyZ, 
m.p. 221-223°), by the action of concentrated 
sulphuric acid on 2-methyl- 1-naphthylamine 
nitrate. 

According to F. Giral (Anal. Fis. Quim. 1933, 
31, 861), l:5-diamino-2-methylnaphthalene has 
m.p. 136° {diacefyl, m.p. 202°), and l:8-diamino-2- 
methylnaphtkalene, obtained by reduction of the 
l:8-dinitro-compound in aqueous suspension 
with phosphorus and iodine, m.p. 63° {diacetyl, 
m.p. 136°). 

Hydroxy Derivatives. 

Several of the seven possible hydroxy deriva- 
tives of 2-methylnaphthalene are known. Fittig 
and Liebmann (Ber. 1887, 20, 3182) by con- 
densing benzaldehyde with methylsucoinic acid 
obtained two lactonic acids which by dry distil- 
lation gave two naphthols, m.p. 89° and 92° 
respectively, one of which should be 1- and the 
other 4 - hydroxy - 2 - methylnaphthalene. 2 - 
MetJiyl-1-naphthol, however, has m.p. 61°, ac- 
cording to Lesser (Annalen, 1914, 402, 1) who 
prepared it from 2-methyl-i-naphthjdamiae by 
the diazo-reaction. It is very sensitive to 
oxidation and was prepared in an atmosphere of 
carbon dioxide. Fries and Lohmann (Ber. 
1921, 54 [B], 2912) studied the oxidation of 4- 
chloro-2-7nethyl-l.naphthol, m.p. 104-5° {acetate, 
m.p. 87°), obtained by reduction of l-keto-2- 
methyl - 2:3:4:4 - tetrachlorotetrahydronaphtha- 
lene ; it is readily converted by oxidising agents 
into 2-methyl-[a-]naphthaquinone. Lesser ob- 
tained 4:4' - dihydroxy - 3:3' - dimethyl - 1:1' - 
dinaphthyl, m.p. 235° (decomp.), as a by-product 
in the preparation of 2-methyI-l-naphthol. 

B-Hydroxy-2-methylnaphthalene was obtained 
by Dziewo^ki et al. {ibid. 1925, 58 [B], 1211) 
from the 6-sulphonic acid ; it has m.p. 128-129°, 
{methyl ether, m.p. 78-79°). It forms a 5-nitroso 
derivative, m.p. 119-120°, oxidised to the 5- 
nitro derivative, m.p. 81-82°, which on reduction 
gives 5-amino-8-hydroxy-2-methylnaphthalene, 
m.p. 155-157° (decomp.). 

7-Eydroxy-2-methylnaphthalene has m.p. 101- 
102° (Shreve and Lux, l.c.). 



NAPHTHALENE. 


8-Hydroxy-2-met7iylnapMlialcne, in.p. 109°, was 
first obtained by ICroUpfeiSer and Schafer {ibid. 
1923, 56 [B], 620) from 7-methyl-l-kototetra- 
hydronaphthalene, -(vhich was brominated to the 
2-bromo- derivative, which on heating with 
diethylaniline gave the desired product (c/. 
Euzicka and Waldmann, Helv. Ohim. Acta, 
1932, 15, 907). The compound has also been 
prepared from j3-methylnaphthalene-8-sulphonic 
acid (Dziewonski and Wulffsohn, l.c.). Vesely 
and Medvedeva have descrihed bil -dinitrQ-2- 
methyl-S-naplitliol, m.p. 166-166'5° (Coll. Czech. 
Chem. Comm. 1931, 3, 400). l-Amino-2-methyl- 
• 8-napht7iol was prepared by F. Giral (Anal. Ffs. 
Quim. 1933, 31, 861) by the action of boiling 
aqueous sodium hydrogen sulphite on 1:8- 
dinitro-2-methylnaphthaleno. 

l:4:-Diliydroxy-2-methylnap7i1halene, m.p. 160° 
{diacetate, m.p. 113°), was obtained by reduction 
of 2-methyl-a-naphthaquinono by Fries and 
LoTiinann (l.c.). Its 3-cbloro- (diacclatc, m.p. 
194°) and 3-bromo- {diacetate, m.p. 209°) deriva- 
tives were also described. For some other 
derivatives, see F. Giral (Z.c.). 

2-IVlethylnaphthaquinones. 

2-Methyl-[a-]naphthaquinono (2-methyl- 1:4- 
naphthaquinone) has special biological interest 
in that it and many of its derivatives show the 
anti-hffimorrhagic properties of Vitainin-if {v. 
Vol. VII, 87a). It is formed hy the oxidation of 
many 1- and l:4-suhstituted 2-melhyl-naphtha- 
lenes. Thus Fries and Lohmann {l.c.) obtained 
it in good yield by oxidising 4-chloro-2-mcthyl- 

1- naphthol irith ferric chloride, hj’drogen 
peroxide, chlorine or nitrous acid, although 
[a-]naphthaquinone is not obtained similarly 
from 4-chloro-l-naphthol. They also obtained it 
in good yield by oxidising 2-racthyl-l-naphthyl- 
amine sulphate with h3'drogcn peroxide, and 
Vesely and Kapp (Chem. Listy, 1924, 18, 201, 
244) obtained it by oxidising 2-mcthyl-l:4- 
naphthylenediaminc. 2 - MelTiyl - [a-^napTiVia - 
quinone forms long yellow needles, m.p. 104°. 
By the action of calcium hypoclilorite it yields 
the 2:3-oa::de, m.p. 102°, converted by warm 
dilute sulphuric acid into 3-7iydroxy-2-met7iyl- 
[a-^napTitiiaquinone, m.p. 172°, reduced and 
acetylated to \-.3:4:-triacetoxy-2-met7iyhiap7it7ta- 
lene, m.p. 130° (J. Madinaveitia, Anal. Ffs. 
Quim. 1933, 31, 750). G. N. Gheorghiu (Bull. 
Soc. chim. 1939, [v], 6, 493) gives m.p. 146-148° 
for this compound. Chlorine converts 2-methyI- 
[a-]naphthaquinono into 2-.3-dic7doro-\A-di7ccto- 

2- met7iyltetrahydronap7it7ialene, m.p. 45'6°, con- 
verted by hot concentrated sulphuric acid into 
^■cTiloro-^-metTiyl-la-^napiUiiaquinone, m.p. 153° 
(Pries and Lohmann, l.c.). The properties of 
2-methyl-[a-]naphthaquinone have also been 
studied by Madinaveitia and de Buruaga 
(Anal. Fis. Quim. 1929, 27, 647) who obtained it 
by oxidising 2-methylnaphthaleno with chromic 
acid in acetic acid and give m.p. 106°, They 
consider that plumbagin is probably 5-7iijdroxy-3~ 
’inethyl~[a-]nap7itliaquinone. 

The name “ menadione ” has been adopted 
by the American Medical Association for 2- 
methyl.[a-]naphthaquinone. It forms an addi- 
fron compmmd with 1 mol. of sodium bisulphite, 
but when heated for a long period with sodium 
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bisulphite solution it gives 2-niethyl-{a-lpiap7it7ta- 
quinone-3-sulphonic acid which can bo isolated 
as tho potassiU7n salt (Menotti, J. Amer. Chem. 
Soc. 1943, 65, 1209; Bochvar ei al., ibid., 

p. 2162), , , 

2-Methyl-[a-]naphthaquinono can be alkylated 
in tho 3-position by heating with a lead totra- 
ester in acetic acid solution in presence of a 
“ promoter,” of which malonic acid is one. Tho 
reaction can bo explained by loss of carbon 
dioxide from the acid radical and attack bj’’ tho 
remaining alkyl radical. Thus using lead tetra- 
acetate (or even red load in acetic acid) 2:3- 
dimetbyl-la-lnajihOiaquinonc, m.p. 126'6-127'5°, 
is formed, and with lead tetrapropionato, 2- 
met7iyl-3-ct7iyl-[a.-']nap7it7iaqninonc, m.p. 73° (L. F. 
Fiescr and F. C. Chang, ibid. 1942, 64, 2013). 
Similar alk3dations can bo accomplished with 
diac3'l pcro.Kidcs (L. F. Fiescr and A. E. O.xford, 
ibid. 1942, 64, 2060). 

2^IJetJtylnapht7ialcnc-5:6-quinonc (6 - methyl - 
(fi-'jnaphlbaqtnnonc) was obtained by Dziewonski 
ct al. (Ber. 1925, 58 [B], 1211) by oxidising 5- 
amino-2-moth3’l-0-naphthol ; it has m.p. 131- 
132°. 

Phthiocol, tho pigment of the human tubercle 
bacillus, is 3-h3’drox3'-2-mcth3d-[o-]unphtha- 
quinono, m.p. 173-171°. It can be s3'nthe.si.scd 
b3’’ oxidation of 2-mclh3’lnaphthalenc {sec 11. J. 
Anderson and M. S. Newman, J. Biol. Chern. 
1933, 103, 197, 105, 733; R. J. Anderson and 
M. iAI. Creighton, ibid. 1939, 130, 429 ; L. F. 
Fic.ser, ibid. 1940, 133, 391). 

Acyl Derivatives, 

2-Meth3’'lnnphthalcno is attacked by acylating 
agents in presence of aluminium chloride mainl3* 
in tho O-position, less in tho 8-position. Thus 
Dzeiwofiski and Brand (Kocz. Chem. 1932, 12, 
093) obtained G-acctyl-, m.p. 70-71°, S-acctyl-, 
b.p. 170-180°/14 mm., and G:S-diacctyl-2-inct7iyl- 
napldhalcnc, m.p. 127-128° (c/. G. A. K. Kon 
and W. T. Weller, J.C.S. 1939, 792). U.sing 
propion3’l chloride, R. D. Haworth and F. Ai. 
Bolcm (J.C.S. 1932, 2248) obtained G-propionyl- 
2-mct7iylnap7ithalc)w, m.p. 61-62°. Succinic an- 
ly'drido also condenses in tho 0-position (R. D. 
Haworth, B. JI. IjCtsk3’-, and C. R. Mavin, ibid., 
p. 1784). From tho nc3'l derivatives are obtained 
2-mclhyl-G; m.p. 229-230°, and 8-napht7ioic acid, 
m.p. 147°. 2-Mcl7iyl-\-nap7tthoic acid, m.p. 
126-127°, has been prepared 63’ Ma3’or and Sieg- 
litz (Bor. 1922, 55 [B], 1851) and several other 
workers. l-Bc7izoyl-2~mcthylnap)hthalcnc, from 
tho naphtho3d chloride and benzene with 
aluminium chloride, has m.p. 74°. 2~Mcihyl-\- 
naphthonitrilc has m.p. 87-88° (R. C. Fuson cl al., 
J. Amer. Chem. Soc. 1941, 63, 2048). 

ETHYLNiVPHTHALENES. 

Tho ethylation of naphthalene by moans of 
ethylene in presence of a phosphoric acid 
catalyst at 250-300° has been observed by B. W. 
Malishov {ibid. 1935, 57, 883) and by V. N. 
Ipatieff, H. Pinos, and V. I. Komarowsky (Ind. 
Eng. Chem. 1930, 28, 222) but no individual 
compounds wore isolated from tho mixed pro- 
duct. Tho condensation of ethylene with 
naphthalene in tho prosonco of ahinifriitjtu 
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chloride to give mono- and poly-ethylnaphtha- 
lenes is described by I.G. (B.P. 265601). Milli- 
gan and Eeid obtained an ethylnaphtbalene by 
warming naphthalene with diethylbenzene and 
aluminium chloride (J. Amer. Ghem. Soc. 1922, 
44, 206). 

a-Ethylnaphthalene was prepared by 
Fittig and Kemsen (Annalen, 1870, 155, 118) 
from a-bromonaphthalene, ethyl bromide, and 
sodium but their product did not solidify. By 
catalytic reduction of 1-acetylnaphthalene, G. 
Levy (Compt. rend. 1931, 193, 174) obtained a 
purer product, m.p. 16° (see Table V). 


By nitration of 1-ethylnaphthalene in acetic 
acid at 3-10°, Levy (Compt. rend. 1935, 201, 
900) obtained a mixed product from which, after 
reduction, he isolated 4:-etJiyl-a-nap}ithylamine 
as an oil {acetyl, m.p. 148-5°) the sulphate of 
which was converted by 1% sulphuric acid at 
900° into 4-Bthyl-a-napJithol, m.p. 42°, which he 
had previously synthesised (ibid. 1933, 197, 772). 
Baddar and Warren (J.C.S. 1938, 401), give 161° 
as the m.p. of 4-ethyl-acet-a-naphthalide. Levy 
also studied the hydrogenation of 1-ethylnaph- 
thalene (Compt. rend. 1931, 193, 174). 1-Ethyl- 
2-naphthol has m.p. 105° (K. Dziewohski and 


Table V. — ^Ethylnaphthalenes. 


Orienta- 

tion. 

B.P 

M,p. 

Picrate, m.p. 

Source. 

Keference. 

1-Ethyl 

251-252° 

256-57756 mm. 

112-11679 mm. 

Below —14° 

15° 

98-5° 

a - Bromonaphtha- 
lene, Na and 
EtBr. 

1-Acetylnaphtha- 

lene. 

1-Acetyinaphtha- 

lene. 

Eittig and Eemsen, 
Annalen, 1870, 155, 
118. 

G. E6vy, Compt. rend. 

1931, 193, 174. 

Froschl and Harlass, 
Monatsh. 1932, 59, 
275. 

2-Ethyl 

117-118°/10 mm. 

2527760 mm. 

170-172°/50 mm. 

257-258°/760mm. 

-7to -6-5'=' 

69° 

72-73° 

72° 

72° 

76-5-77° 

p - Bromonaphtha- 
lene, Na and 
EtBr. 

Synthesis. 

Coal tar. 

2:2-DiethyUetralm. 

2 - Acetylnaphtha- 
lene. 

Brunei, Ber. 1884, 17, 
1179. 

Barbot, Bull. Soc. chim. 

1930, [iv], 47, 1314. 
Kruber and Schade, 
Ber. 1936, 69 [B], 
1722. 

Sengupta, J. pr. Chem. 

1938, [u], 151, 96. 
L(ivy, Ann. Chim. 1938, 
[xi], 9, 5. 


C. Dragan, Bull. Acad. Polonaise, 1934, A, 
398). 

1-Vinylnaplithaleve is formed by the action of 
hot potassium hydroxide on l-j3-hydroxyethyl- 
naphthalene at a low pressure. It boils at 126- 
128°/15 mm. with resinification, and forms a 
picrate, m.p. 101-102° (W. Palfray, S. Sabetay, 
and D. Sontag, Compt. rend. 1932, 194, 2065). 
2-Vinylnaphthalene has b.p. 135-137°/18 mm., 
m.p. 66° (D. Sontag, ibid. 1933, 197, 1130). 
The use of 1- and 2-vinylnaphthalene3 for the 
preparation of resins suitable for lacquers has 
been claimed (I.C.I., B.P. 355032 ; cf. M. M. 
Koton, J. Gen. Chem. Buss. 1939, 9, 1626). 

;S- Ethylnaphtbalene was prepared by 
Brunei (Ber. 1884, 17, 1179) by the method of 
Fittig from ^-bromonaphthalene, ethyl bromide, 
and sodium, and also by the action of ethyl 
bromide on naphthalene in presence of alumin- 
ium chloride, a method also used by Marchetti 
(Gazzetta, 1881, 11, 265, 439). It is probable, 
however, that the product obtained by the 
latter method contained the a-isomer. More 
recently Levy has obtained a product which, 
from its melting-point and that of its picrate, 
appears to be purer than that obtained by the 
earlier workers (see Table V). He prepared 2- 
acetylnaphthalene by the Friedel-Crafts process, 
usmg nitrobenzene as solvent, and reduced this 
with hydrogen and a nickel-pumice catalyst. 
Barbot prepared 2-ethylnaphthalene by dehydro- 
genating 2-ethyl-5:6:7;8-tetrahydronaphthalene 
with sulphur (Bull. Soc. chim. 1930, [iv], 47, 1314). 


2-Ethylnaphthalene was separated as its 
picrate by Kruber and Schade (see Table) from 
a coal-tar fraction, b.p. 250-254°.^ 

Substitution products of 2-ethylnaphthalene 
have been described in a series of papers by 
G. Levy (Compt. rend. 1932, 194, 1749, 1952; 
195, 801 ; 1936, 202, 1679 ; 203, 337) and most 
of his work is summarised in a later paper (Ann. 
Chim. 1938, [xi], 9, 6). Nitration in acetic acid 
at 3-10° gives the 1-nitro-, m.p. 49-6-50°, and 
the 8-Mifro-compound, not obtained pure, which 
were reduced to the 2-amino-, m.p. 25-28° 
(acetyl, m.p. 166-5°), and the 8-amino-compound 
(acetyl, m.p. 148-5-149°). 

Sulphonation of 2-ethylnaphthalene with con- 
centrated sulphuric acid at 95° gives the 6-ml- 
phonic acid (chloride, m.p. 66-65-6°; amide, 
m.p. 190-191°) characterised by conversion into 
2-ethyl-Q-naphthol, m.p. 97-98° (methyl ether, 
m.p. 58°), which was also S 3 mthesised from y-p- 
methoxybenzyl-n-valeric acid. Other ethyl- 
naphthols described by Ldvy are 2-ethyl-l- 
naphthol, m.p. 69-6-70°, from the 1-amine and 
also by synthesis ; 2-eihyl-4-naphthol, m.p. 50-5- 
51°, by synthesis ; 2-ethyl-T -methoxynaphthaUne, 
m.p. 51-52°; and 2-ethyl-8-naphthol, m.p. 
56-5-67°, from the amine and by synthesis. 

P-Naphthylethyl alcohol, m.p. 67-5-68°, is ob- 
tained from ^-naphthyl magnesium bromide. 
When heated with potassium hydroxide it gives 
2-vinylnaphthalene, m.p. 66°, b.p. 135-137° 
(D, Sontag, Compt. rend. 1933, 197, 1130). 

Oxidation of 2-ethylnaphthalene with chromic- 
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acetic acid gives 

m.p. 88° (Kruber and Schade, Ber. 1936, 69 
[B], 1722). 

According to R. Kuhn and K. Wallenfels 
{ibid. 1939, 72 [B], 1407), the sea urchin Arbacia 
pustvlosa secretes a substance, Echinochrome A, 
to attract the spermatozoa; this is a quinono 
derived from heptahydroxy-2-ethylnaphthalene. 

PROPYLNAPHTHALENES. 

The two n-propylnaphthalenes were prepared 
by BargeUini and Melacini (Atti. B. Accad. 
Lincei, 1908, [v], 17, 26) by reducing a- and 
propionylnaphthalenes, and they recorded the 
melting-point of the picrates as a-, 141-142°; 
)?-, 90-92°. Rohlin, Davidson, and Bogort {l.c.) 
prepared 1-n-propylnaphthahne by dehydro- 
genating 5-propyltetralin, and obtained from 
it a picrate, m.p. 91-92°’ They then repeated 
BargeUini and Melacini’s preparation from a- 
propionylnaphthalene, reducing the ketone by 
the Clemmensen process, and again obtained 
1-n-propylnaphthalene picrate, m.p. 92°. It 
would therefore appear that the melting-points 
recorded by BargeUini and Melacini should bo 
interchanged. 

Direct introduction of propyl groups into 
naphthalene using a propyl-compoimd and a 
catalyst proceeds with considerable ease. 
Whether a n-propyl or isopropyl-compound is 
used as reagent, the product is an isopropylated 
naphthalene, although there may bo some n- 
propyl derivative present (see Haworth, Lctskj’', 
and Mavin, J.C.S. 1932, 1784). Moreover, sub- 
stitution occurs mainly in the )3-position of 
naphthalene. 

H. Meyer and K. Bemhauer (Jlonatsh. 1929, 
53-54, 741) studied the reaction between 
naphthalene and isopropyl alcohol in 80% sul- 
phmio acid at about 80°. After removal of the 
sulphonic groups from the product, the hj'dro- 
carbons were fractionated into mono-, di-, tri-, 
and tetra-isopropylnaphthalenes. The mono- 
was mainly )3- with some a- ; the di- contained 
2:6-, 2:7-, and 1:6- (m.p. 62°) di-isopropyl- 
naphthalene ; there was some tri-, and a tetra- 
isopropylnaphthalene, m.p. 127°. The same 
tetra derivative was obtained by I.G. (B.P. 
316951) by condensing propylene with naphtha- 
lene in contact with fuUer’s earth at 120-180°, 
and also by passing propylene into naphthalene 
containing aluminium clilorido at 80° (B.P. 
295990) ; Calcott, Tinker, and IVcinmayr 
(J. Amer. Chem. Soc. 1939, 61, 1010) obtained it 
using hydrogen fluoride as condensing agent. 
Tsukerwanik and Terentieva (J. Gen. Chem. 
Russ. 1937, 7, 637), by the action of isopropyl 
alcohol on naphthalene in ligroin in the presence 
of aluminium chloride on a water bath, obtained 
a mixture containing 32-6% of )3-, 164% of di-, 
and 10-7% of tri-isopropylnaphthalenes. They 
state that any a-compound present is changed i 
into jS- during distillation. ' 

Condensation of a-naphthol ■with propionic 
acid-zinc chloride, followed by Clemmensen 
reduction, gives 2-n-propyl-l-mphthol, m.p. 113° 
(Desai and Warawdekar, Proc. Indian Acad 
Sci. 1941, 13, A, 33, 39). R. W. Stoughton, 
however, gives m.p. 51-52° for this compound 
(J. Amer. Chem. Soc. 1935, 57, 204). 

VoL. Vin.— 26 


2-n-Propyl-ia-'\nap}iihaqiiinone, m.p, 39-39-5°, 
has been prepared by Fieser, Campbell, and I ry 
{ibid. 1939, 61, 2213). 

a-isoPropylnaphthalene was prepared by Her- 
zenberg and von Wrinterfeld (Ber. 1931, 64 [B], 
1043) from 1-acetylnaphlhaleno and methyl 
magnesium iodide ; it had b.p. 132-134°/10 mm., 
picralc, m.p. 85-86°. J. W. Cook (J.C.S. 1932, 
466) prepared it in a similar manner from ethyl 
a-naphthoate, and gave b.p, 263-264°/700 mm., 
picrate, m.p. 83-5-86°. The intermediately 
formed l-?sopropenylnaphthalono gave a picrate, 
m.p. 88-89° (c/. Grignard, BuU. Soc. chim, 1901, 

[iii] , 25, 498, who gave m.p. 91°). When treated 
■n-ith acids, the isoproponyl-compound forms a 
dimerido, m.p. 198-5-199-5°. l-a-//ydrozyieo- 
qnopylnaphthalcnc has m.p. 96°, Boblin, David- 
son, and Bogert {l.c.) also prepared l-/sopropyl- 
naphthalene by dehydrogenating 5-isopropyl- 
tetralin. 

l.isoPropylna 2 yMhalcnc-l-sulphonic acid forms 
an aniline salt, m.p. 190° (decomp.) ; and may 
be converted into l-ieopropylA-naphthol, m.p. 
72° (Jleycr and Bernhnuer, l.c.). 

2-isoPropylnaphlhalcnc has been obtained by 
a number of dilTcrcnt methods. B. D. Haworth, 
Letsky, and i^Iavin {l.c.) u.scd two mcthod.s; 
they condensed jsoprop\-l bromide with naph- 
thalene in presence of aluminium chloride, and 
also used the Grignard method starting from 
2-acotylnnphthalonc. Both methods ga%-o a 
product of b.p. 130-I35°/12 mm,, picrate, m.p. 
93-95°. By the first method using n-propyl 
bromide they obtained a less pure product 
giving a picrate, m.p. 89-90°, which they con- 
sidered contained some 2-n-propylnnphtlmIono. 
Ruzicka and Capato (Annalen, 1927, 453, 62), 
using the Grignard method with ethyl ^-naph- 
thoatc, obtained aproduct,b.p. 126-127°/12 mm., 
picrate, m.p. 91° ; Barbot (Bull. Soc. chim. 1930, 

[iv] , 47, 1314) dchj’drogcnatcd O-isopropyl- 
tctralin, and obtained a picrate, m.p. 89-90°. 
Cook {l.c.) using the same method as Haworth 
cl al, gives the b.p. 263-265°, m.p. of picrate 
93-95°. Price and Ciskowski obtained p-ieo- 
propylna])hthalono from naphthalene and P-iso- 
propyl alcohol using boron triflnorido ns con- 
densing agent (J. Amer. Chem. Soc. 1938, 60, 
2499). 

I Sulphonation of 2-JSopropylnaphthaIono gives 
tho 1-sulphojiic acid, m.p. 137° (decotnp.) 
{chloride, m.p. 61°; amide, m.p. 140°). When 
naphthnli)nc-2-sulphonic acid and n-propyl 
alcohol axe treated with concentrated sulphuric 
acid at 120°, l'.h-di-\sopropylnaphlhalcne-i{ov 
l)-sulphonic acid is formed {chloride, m.p. 71° ; 
amide, m.p. 179-180°) from which a l:0-d£- 
isopropyl-^-naphlhol, m.p. 90°, is prepared. 
Similarly naphthaleno-l-sulphonic acid giv’cs a 
di-75oproj)y]naphthalenosulphonic acid {chloride, 
m.p. 119°; amide, m.p. 151°) from which a d(- 
isopropylnaphthalene, m.p. 38°, is obtained 
(Meyer and Bornhaucr, l.c.). 2-\soPropyl.l- 
naphthol has m.p. 05-60°. 

For the preparation of isopropylnaphthalcno- 
siilphonic acids for use ns wotting agents, see 
Badische (G.P, 330558', 1917). " Nckal BX," 
the well-lmown wetting agent, is said to 
bo a di-isopropyl-naphthalonesulphonio acid 
salt. 
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BUTYLNAPHTHALENES. 

1- and 2-n-ButyInaphthaIenes -srere prepared 
by Bargellini and Melacini [l.c.) by reducing the 
corresponding naphthyl 7J-propyl ketones; 1-n- 
huiylnaphthakne has b.p. 281-283°, picrate, m.p. 
104-106°, and the 2-isomer, b.p. 283-286°, 
picrate, m.p. 73-74°. 

l-Bec.-ButyhtapMhalene, b.p. 105-107°/2 mm., 
picrate, m.p. 76°, is formed, according to Tsnker- 
vanik and Terentieva, along -syith di-sec.-butyl- 
naphthalenes, when naphthalene is condensed 
with sec. -butyl chloride in the presence of 
aluminium chloride. 

The 1- and 2-isobutylnaphtkahnes were pre- 
pared by Darzens and Rost (Compt. rend. 1908, 
146, 933) by reducing 1- and 2-naphthyl iso- 
propyl ketones ; they have b.p. 136— 138°/11 mm. 
and 112-113°/6 mm. respectively. 

Several workers have studied the fert.-butyl- 
naphthalenes, and it is impossible to refer to all 
their work. Condensation of naphthalene with 
iso- or lerl.-butyl compounds give -butyl- 
naphthalenes, probably because the active 
agent is in both cases isobutylene. Assuming 
that the naphthalene undergoes jS-substitution, 
it follows that the product obtained by Fieser 
and Price (J. Amer. Chem. Soc. 1936, 58, 1841) 
from naphthalene and 1 mol. of leri.-butyl 
chloride in the presence of a small amount of 
aluminium chloride is ^-fcrl.-butylnaphthalene, 
b.p. 127-131°/9 mm., picrate, m.p. 99-6-100-5°. 
Barbot (Z.c.) obtained a product giving a picrate 
of almost the same m.p., 102-103°, by dehydro- 
genating lert.-butyltetralin. Fieser and Price 
also obtained two di-ler{.-butylnaphthalenes, one 
of m.p. 86-90° (picrate, m.p. 155-5-156-5°), the 
other m.p. 146-147°, not forming a picrate.* 
According to Tsukervanik and Terentieva (l.c.), 
terf.-butyl alcohol with naphthalene and 
aluminium chloride forms both 1- and 2-terl.- 
butylnaphthalene, the melting-point of the 
picrates being 92-93° and 84-85° respectively. 
The products were orientated by oxidation by 
dilute nitric acid at 150-180° to the 1- and 2- 
naphthoic acids. It may prorisionally be 
assumed that their products were not pure. 
They also obtained a di-lert.-butylnaphthalene, 
m.p. 132° {picrate, m.p. 99°). 

N. K. Bromby, A. T. Peters, and F. M. Rowe 
(J.C.S. 1943, 144) have confirmed the results 
obtained by Fieser and Price. They condensed 
naphthalene with tert.-butyl chloride in the 
presence of zinc chloride at 95-105°, and ob- 
tained /S-ierl.-butylnaphthalene as a colourless, 
steam volatile liquid with a pleasant aromatic 
odour, b.p. 274^-278°, picrate, m.p. 100-101'5°. 
It did not form a styphnate. By oxidation with 
chromic acid it gives 2-leri.-butyl-[a-]naphtha- 
quinone, pale yellow leaflets from Ugroin, m.p. 
76-77°. C. L. Price and J. M. Ciskowski (J. 
Amer. Chem. Soc. 1938, 60, 2499) obtained fi- 
isopropyl- and /S-lert.-butyl-naphthalene by con- 
densing naphthalene udth the corresponding 
alcohol in the presence of boron trifluoride. 

* In later work, Price, Shafer, Huber, and Bernstein 
obtained, besides the di-<ert.-butyinaphthaleue, m.p. 
145-146°, a product, m.p. 80-82°, which formed a 
picrate and which, by careful recrystallisation from 
acetic acid, gave a new di-t«rf.-butylnaphthalene, m.p. 
103-104° (J. Org. Chem. 1942, 7, 517). 


Butylnaphthols have been obtained by 
isomerisation of naphthyl n-butyrates followed 
by reduction of the products. l-Butyl-2- 
naphthol thus obtained has m.p. 80-81° (Gulati, 
Seth, and Venkataram, J. pr. Chem. 1933, [ii], 
137, 60) and 2-bviyl-l-napMhol, m.p. 71-72° 
(Stoughton, J. Amer. Chem. Soc. 1935, 57, 202). 
According to Tschitschibabin, l-lerf.-butyl-2- 
naphthol has m.p. 113° (Bull. Soc. chim. 1935, 
[V], 2. 615). 

The salts of butylnaphthalene sulphonic acids 
in aqueous solution have the properties of 
wetting agents. They are prepared by the 
action of Ji-butyl alcohol on naphthalene or its 
jS-sulphonic acid in concentrated sulphuric acid 
(B.P. 246817 ; for their use as wetting agents, 
see B.P. 319083; 342399; I.G., G.P. 469605; 
496102), and find application in the textile 
industries and in insecticidal preparations. 

DBIETHYLNAPHTHALENES AND 
THEIR DERIVATIVES. 

in Table II are summarised some constants 
of the dimethylnaphthalenes, the melting-point 
of picrates and styphnates and literature 
references. The word “ synthesis ” in the fifth 
column indicates that the compound has been 
prepared by one of the many syntheses involving 
ring closure of a benzene derivative, usually 
with intermediate formation of a tetralin 
derivative. Some further notes, including refer- 
ence to some of the derivatives which have been 
described, follow. 

(i) 1:2-Dimethylnaphthalene. — ^When §- 
methylnaphthalene is treated with trioxy- 
methylene in acetic-hydrochloric acid, 1- 
chloromethyl-2-methylnaphtkalene, m.p. 65°, is 
obtained, reduced to l:2-dimethylnaphthalene. 
Bromination of l:2-dimethylnaphthalene gives 
the 4-6romo derivative, m.p. 39-40°, and clfloio- 
methylation gives the i-cliloromethyl derivative, 
m.p. 70-71° (Hewett, J.C.S. 1940, 299). 

(ii) 1:3-Dimethylnaphthalene. — ^This com- 
pormd was prepared by M. G. Kloetzel starting 
from )5-benzoylpropionic acid; the same sub- 
stance was used in the synthesis of 1:2- and 1:4- 
dimethylnaphthalenes . 

(iii) 1:4 - Dimethyinaphthalene. — a- 
Methylnaphthalene with trioxymethylene in 
acetic-hydrochloric acid gives i-chloromethyl-l- 
methylnaphthalene, m.p. 62°, reduced to 1:4- 
dimethyhiaphthalene. The nitration of 1:4- 
dimethylnaphthalene was studied by Robinson 
and Thompson {ibid. 1932, 2015), who found 
that, nitrating at a low temperature in acetic 
anhydride and nitromethane, nitration occms 
in the methyl group giving wnitro-hi-dimeihyl- 
naphihalerie, m.p. 107° ; an unidentified dinitro- 
compound, m.p. 128°, was also isolated. The 
corresponding co-amino-compovLndi gives an acdyl 
derivative, m.p. 142° ; oi-iiydroxy, m.p. 77°, 
cc)-bro?no-eDmponnd, m.p. 80°. 

(iv) 1:6 - Dimethyinaphthalene. — By 
treating naphthalene (I.G., B.P. 345146) or 1- 
chloromethylnaphthalene with formaldehyde 
and hydrochloric acid (Anderson and Short, 
J.C.S. 1933, 485) a mixture of di(chloromethyl)- 
naphthalenes is obtained, melting at 130-140° 
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(I.G.) or 130-146° (Anderson and Short), fironi 
which the latter authors could not separate an 
individual compound. After reduction with 
zinc and hydrochloric acid, however, they were 
able to isolate from the mixed dimethylnaphtha- 
lenes a sample of pure l:5-dimethylnaphthalene, 
identical with that prepared by Vesely and 
Stursa. 

(v) 1:6 - Dimethylnaphthalene was iso- 
lated by Weissgerher and Kruher from a heavy 
fraction of coal-tar distillate, b.p. 260—265°, by 
cold sulphonation. The sparingly soluble aul- 
phonic acid obtained was crystallised from 33% 
sulphuric acid and the sulphonic group after- 
wards removed by hydrolysis. hG-Dimelhyl- 
naphthaleTie-i-snlphonamide has m.p. 185°. By 
alkaline fusion the sulphonic acid gives 1:6- 
dimetliyl-i-naphihol, m.p. 82°. 2:5-Dimethyl-a- 
napJdhaquinone has m.p. 95°. 

5:8-Diacetoxy-l:G-dwiethylnaplithalenc was ob- 
tained by Heilbron and Willdnson (J.C.S. 1930, 
2546) by oxidising l:2:5-trimethyliiaphthnlenc 
with chromic acid in 80% acetic acid. 

(vi) 1:7 - Dimethylnaphthalene. — This 
compound was obtained liy Vesely and Med- 
vedeva by a long process from 6:7-dinitro-2- 
methyl-8-naphthol, which was converted suc- 
cessively into the 8-chloro-compound, the 8- 
malonate, 8-acetate, and finally to 6:7-dinitro- 
2:8 - dimethyl- (=2:4 - dinilro - hi - dunethyfyiaph- 
thahne, m.p. 163-165-6°. By reduction this 
gave 2-A-diamino-h.l-diimniylnapWiahm, m.p. 
114-116°, deaminated by nitrous acid and ! 
alcohol to 1:7 - dimethylnaphthnlene. The 
authors also described 2-nf<ro-4.amtno-, m.p. 
161-163°, 2-nilro; m.p. 66-5-58°, and 2-amino- 
1:1 -dimethylnaphthalene {acetyl derivative, m.p. 
207-208°) and hl-dmethyl-2-naphthol, m.p. 
138-140°. 

0. Kruber and W. Schade described in detail 
the isolation of l;7-dimethylnaphthalono from 
a coal-tar fraction, b.p. 258-260°, from which 
the l:6-isomer had been previously removed. 
The fraction was treated ten times ■with ono- 
tenth its weight of concentrated sulphuric acid at 
46°. From the fifth to eighth sulphonations was 
"isolated h/l-dimethylnaphthalene-i-sidphonio acid 
{amide, m.p. 204-205°), giving l:7-dimothylnaph- 
thalene by acid hydrolysis, and 1:1 -dimethyl A- 
naphthol, m.p. 102°, by alkalino fusion (Ber. 
1936, 69 [B], 1722). 

(vii) 2:3-Dimethylnaphthalene was fu-st 
discovered in coal tar by Weissgcrber (he.). 
Later Ifruber sulphonated a coal-tar oil, b.p. 
265-267°, from which the 1:6-, 2:6-, and 2:7- 
isomers had been removed, and isolated 2:3- 
dimethylnaphthalene-6-sulphonic acid {amide, 
m.p. 228-229°). By hydrolysis ho obtained 2:3- 
dimethylnaphthalene, 6% yield on the starting 
material. He also described 2:3-dimethyl-G- 
naphthol, m.p. 160°, 2:3-dimethyl-[a-]naphtha- 
quinone, m.p. 127°, and 6:l-dmethyl-(^.] naphtha- 
quinone, m.p. 146-147°. G-H -Dimethyl.{a-']- 
naphlhaquinone has m.p. 118-119° (Fiesor, 
Campbell, and Fry, J. Amer. Chom. Soc. 1939! 
61, 2206). 

2;3-Dimethylnaphthalene was first synthesised 
by Schroeter, Lichtenstadt, and Irieneu and 
sho-wn to be identical with guaiene, a product of 
dry distillation of guaiacum resin. Pyroguaiacin 


is G-hydroxy-l-melhoxy-2:3-dimethylnaphthalenc 

(Ber. 1918, 51, 1604). 

Sulphonation of 2:3-dimeth3dnaphthalone by 
concentrated sulphuric acid at 40-50° or by 
chlorosulphonic acid in carbon totrachlorido 
cold gives mainly the 5-sulphonic acid {amide, 
m.p. 206°) and some of the G-snlphonic acid. 
From the 6-8ulphonic acid, 2:3-dimcthyl-5- 
naphthol, m.p. 140°, was prepared (E. A. Coulson, 
J.C.S. 1938, 1305). The same author has studied 
the hydrogenation of 2:3-dimcthylnaphthnlone. 

2:3-Dimothylnaphthalene condenses with suc- 
cinic anhydride in the presence of aluminium 
chloride to give 2:3-dimcthyl-G-naphthoylpro- 
pionic acid, m.p. 179-180°, which by fusion with 
potassium hj'droxido gives 2:3-dimcthyl-G-naph- 
Ihoic acid, m.p. 264-255° {methyl ester, m.p. 147- 
148°; B. D. Haworth and F. M. Bolam, ibid. 
1932, 2248). 

(viii) 2:6 - Dimethylnaphthalene. — This 
was obtained from coal tar bj’- Weissgcrber and 
ICnibcr (i.c.) by sulphonating at 135-140° the 
same coal-tar fraction from which the l:0-isomcr 
was obtained, and pouring on to ice, when a 
sparingli’ soluble sulphonic acid separated which 
by hj’drol^’sis gave 2:0-dimclhjdnaphlhalcno. 
Three individual sulphonic acids of 2:0-diiucth5-l- 
naphthalcno have been described. Suljihona. 
tion in the cold (Weissgorber and Kruber, I.c.) 
or in an indifferent solvent at 50° (I.G., B.l’. 
462064) gives the 8-snlphonic acid {chloride, 
m.p. 107-108°; amide, m.p. 206-207°). Sul- 
phonation with concentrated sulphuric acid at 
135-140°, or at 110° for 14 hours, or healing the 
1-sulphonic acid with 90% sulphuric acid at 
115-120° for 14 hours (I.G., B.P. 4G2337) gives 
the 7- (or 3-) sulphonic acid {chloride, m.p. 62-03°; 
amide, m.p. 265-266°) (r/. Vcsoljr and Stursa, 
Coll. Czech. Chom. Comm. 1932, 4, 21). By siil- 
phonating for a short time at 110-120° witli 
monohj-dratc, chlorosulphonic acid, or oleum, 
the l-Bidphonic acid is said to bo formed {chloride, 
m.p. 116-117°; amide, m.p. 124-125°; I.G., 
B.R 461894). Bj’ fusing these sulphonic acids 
with allcali the following naphthols arc obtained : 
2:G-di7nelhyl-S-naphthol, m.p. 105-100°; -7- 

naphthol, m.p. 174°; -l-najddhol, m.p. 113°. 
However, Vesely and Stursa prei)nrcd 2:6- 
dimothyl-1 -naphthol from the l-amino-com- 
pound, m.p. 91°, of F. IMayer and E. Alkcn (Ber. 
1922, 55 [B], 2278) and found m.p. 133°. 

By nitration of 2:6-dimcthylnnphthniono, 
Mayer and Aiken obtained the l-nilro-coin- 
pound, m.p. 68°, two dinilro derivatives, m.p, 
179° and 186°, and a trinitro derivative, m.p. 
243°. ^ By nitration of tho l-aj/iriic, m.p. 91°, 
Vesely and Stursa obtained ‘l-7iitro-l-amiiio- 
2:G-dimethylnapldhalcnc, m.p. 194-195° {acetyl, 
m.p, 200°) whence they prepared 4-n!/ro-2:G. 
dimethylnaphthalene, m.p. 84-85°, and 4i-amino- 
2:G-dimcthylnaphthalenc, m.p. 93-49° {acetyl, 
m.p. 207—208°). Numerous other derivatives 
are described by tho authors quoted. With 
sulphuryl chloride, 2:6-dimothylnaphthalono 
gives a monochloro, b.p. 293-297°, and a dichloro 
derivative, m.p. 135° (I.G„ B.P. 2638-44). 
2:G-Dimethyl-8{=l)-naphthylaminc, m.p. 129° 
®?’P* 231°), "was prepared bj’ Coulson 
(J.C.S. 1934, 1411) from tho correspondiii" 
naphthol by tho Bucheror reaction ; ho also 
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prepared the Z-uaphthonitrile^ m.p. 160°5 and the 
3-naphthoic acid, m.p. 228° {chloride, m.p. 79°; 
anilide, m.p. 238°). 

2:6-DimethyI-[a-]naphthaquinone has m.p. 
136-137°, and the [j8-]quinone, m.p. 151-152° 
(Weissgerber and Kruber, l.c.). 

(ix) 2:7 - Dimethylnaphthalene. — De- 
tailed directions for the separation of this 
hydrocarbon, through its sulphonic acid, from 
coal-tar heavy oil, are given by Weissgerber and 
Kruber (l.c.). Sulphonation of the hydrocarbon 
at 100° gives the 3-sulphonic acid {amide, m.p. 
197-198°). Zdl-Dimethyl-^-napUhol has m.p. 
171-172°. Coulson {ibid. 1935, 79) converted 
this by the Bucherer reaction into 2:1 -dimethyl- 
3-naphthylamine, m.p. 139° {acetyl, m.p. 207°), 
and into the 3-napMhonitrile, m.p. 145°, and 3- 
naphlhoic acid, m.p. 224° {chloride, m.p. 70°; 
anilide, m.p. 207-208°). 

2:T-i>imethyl-la-'}naphthaguinone has m.p. 114— 
115°, and the [p-]quinone, <m.p, 152-153° 

(Weissgerber and Kuber, l.c.). 

TRLVIETHYLNAPHTHALENES. 

The constants of the 14 isomeric trimethyl- 
naphthalenes are given, with references, in 


Table III. All have been S3mthesised ; for the 
methods used the original papers must be con- 
sulted. Several authors isolated a dimethyl- 
and a trimethyl-naphthalene by dehydro- 
genating sapogenin, amyrin, and other sub- 
stances of vegetable origin now classified as 
triterpene derivatives. It was shown by 
Ruzicka and Ehmann that the dimethylnaph- 
thalene is 2:7-, and the trimethylnaphthalene, 
sapotalin, the 1:2:7- derivative (Helv. Chim. 
Acta, 1932, 15, 431). The constitution of 
sapotalin was determined independently by 
Spath and Hromatka (Monatsh. 1932, 60, 117). 
Am account of the many different substances 
which give sapotalin by heating with selenium 
at 300-350° is given by Ruzicka and col- 
laborators (Helv, Chim, Acta, 1932, 15, 431) ; 
these include hederagenin, sumaresinolic acid, 
siaresinolio acid, betulin, cescigenin, oleanohc 
acid, and cyclamiretin. 

Another trimethylnaphthalene, 1:2:5-, was 
obtained from a product of animal origin, the 
“ tetracyclosqualene ” from the unsaponifiable 
matter of elasmobranch fish oils, by Heilbron, 
Harvey, and Kamm (J.C.S. 1926, 3136), its 
identity being established by Heilbron and 
Wilkinson {ibid. 1930, 2646) and the same 


Table VI. — ^Methyletiiylnaphthalenes. 


Orlentot ou. 

B.p. 

M.p. 

(а) Picrate, 

(б) Styphnate, 

m.p. 

Source. 

Reference. 

l-Me-4-Et. 

122°/40 mm. 


(a) 98-99° 

4-Acetyl-l-meth5’l- 

Dziewohski and Maru- 
sinska, Bull. Acad. 
Polonaise 1938, A, 
316. 

l-Me-5-Et. 


40° 

(0) 97° 

Synthesis. 

Harvey, Heilbron, and 
WilWnson, J.C.S. 

1930, 423. 

l-Me-6-Et. 

140‘’/12 mm. 

146'’/14 mm. 


(a) 82° 

(а) 80-81° 

(б) 88-5-89-5° 

Synthesis. 

Synthesis. 

Idem, ibid. 

Pope and Bogert, J. 
Org. Chem. 1938, 2, 
276. 

l-Me-7-Et. 

133712 mm. 

134-5-136712 mm. 


(a) 97° 

(a) 95-96° 

m 126° 

(a) 96° 

(b) 126° 

Syntliesis. 

Alanto-Iactone. 

Artemisin (v. Vol. 
1, 497a) from 

Artemisia man- 
lima. 

Harvey, Heilbron, and 
Wilkinson, l.c. 

Ruzicka and Van Mel- 
sen, Helv. Chim. 
Acta, 1931, 14, 397. 
Tettweiler, Engel, and 
Wedekind, Annalen, 
1932, 492, 108. 

2-Me-3-Et. 

2627725 mm. 



6-MethyltetraUn. 

P. Karrer and A. Ep- 
precht, Helv. Chim. 
Acta, 1940, 23, 275. 

2-Me-5-Et. 

135-138712 mm. 


(a) 81-5° 

Synthesis. 

Brunner and Grof, 
Monatsh. 1934, 64, 28. 

2-Me-6-Et. 


44-45° 

(a) 100-101° 

<6) 138-139° 

(а) 109° 

(б) 119° 

Synthesis. 

6-Acetyl-2-methyl- 

Brunner and Grof, 
ibid. 1935, 66, 433. 
Eon and Weller, J.C.S. 
1939, 792. 

2-Me-8-Et. 

128711 mm. 


(a) 106° 

(a) 106° 

^5) 143-144° 

Sjmthesis. 

8-Acetyl-2-methyl- 

Brunner and Grof, 
Monatsh. 1934,64, 28. 
Eon and Weller, J.C.S. 
1939, 793. 

l:4-DieH\yl. 

136-13978 mm. 

Di 

0 

ETHYLNAPHTHAL 

, {a) 82-83° 

ene. 

Reduction of 4- 
acetyl-l-ethyi- 

Eroschl and Harlass, 
Monatsh. 1932, 59, 


I 
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Table VII. — ^METHYLlSOPEOPYLKArHTHALEKES. 


Name. 

B.p. 

M.p. 

(n) Picrato, 

(6) Stj-plmatc, 
m.p. 

Source. 

Reference. 

l.Me;4-Pr^. 

135-145712 mm. 

148716 mm. 


(o) 99-100° 

(a) 100-101° 

Synthesis. 

Syntlicsis. 

Ruzicka and M. Min- 
gazzlnl, Helv. Chim. 
Acta, 1922, 5, 714. 
Barnett and Cook, 
J.C.S. 1933. 22. 

l-Me-7-Pr^ 

(Budalene). 

140711 mm. 

152718 mm. 

281° 


(a) 91° 

(b) 119° 

(o) 92-8° (corr.) 

(a) 95° 

(b) 122° 

Selineno. 

Eudcsmol. 

Syiitliesis. 

Synthesis. 

Ruzicka and Stoll, Helv. 
Chim. Acta, 1922, 6, 
023. 

Ruzicka and Caimto, 
Annalcn, 1927, 453, 
02. _ 

G. Darzens and A. 
Bevy, Compt. rend, 
1932, 194, 2050. 
Baniett and Sanders, 
J.C.S. 1933, -134. 

2-Me-8-Pr^. 

(l-Pr^ -7- Me) 
Apocadalene. 


■ 

(a) 101-102° 

(b) 103-161° 

(a) 102° 

(b) 100° 

Cadalenc. 

Sj-ntiicsls. 

Ruzicka and Jtingaz- 
zlnl, l.c. 

Barnett and Sanders, 
l.c. 

1:4-Dimetliyl- 

6-isopropyl. 

155-167°/12 mm. 


(a) 102-6-103° 

Synfhc.sis. 

Ruzicka ct nl., Itciv. 
Chim. Acta. 1933, 16, 
203. 

1;5-Dimethyl- 

7-isopropyI. 

110-112°/0-8 mm. 


(«) 116-5-llC-5° 

Synthesis. 

Idem, ibid. 

1:6-Dlmethyl- 

4-isopropyl 

155-160°/15 mm. 


(a) 115° 

(b) 130° 

Cadlnene, tsozhipl- 
berene. 

Ruzicka and iteycr, 
ibid. 1921,4, 60S. 

(Cadalenc). 

165-150711 mm. 


(a) 114-115° 

(b) 139° 

(a) 114-115° 

(b) 140° 

Synthc.sis. 

Synthesis. 

R>izlckn and F. Seidel, 
ibid. 1922, 6, 309, 
Baniett and Cook, 
J.C.S. 1933, 22. 

1:7-Dimethyl- 

4-fsopropyl. 


00° 

((j) 02° 

(b) 120* 

Synthesis. 

Rapson and Short, ibid. 
1933, 128. 


hydrocarbon was obtained by Ruzicka and 
Hosking by beating agatbicdicarboxylic acid, 
which is present in kaiwi copal and in hard and 
soft manila resins,- -with sxdphur at 180° (Helv. 
Chim. Acta, 1930, 13, 1402). All this work on 
natural products led to the synthesis of tlic 
trimethylnaphthalenes, eleven by Ruzicka and 
his co-workers, the others by Hoilbron and 
Wilkinson (see especially Ruzicka and Ehmann, 
lx.). These hydrocarbons are best characterised 
by their styphnates, since the picrates, according 
to Ruzicka, do not always show depression of 
melting-point in admixture with one another. 

Ruzicka and collaborators have synthesised 
the five isomeric methoxy derivatives of 1:2:7- 
trimethylnaphthalene ; their melting-points aro : 
^-methoxy, 69-70° ; 4:-metJwxy, 89-90° ; 5-melJioxy, 
81-82° ; 6-metlioxy, 83-84 ° ; %-metlioxy, b.p. 
151-153°/9 mm. {ibid. 1936, 19, 322, 343, 370). 
Kruber (Ber. 1939, 72 [B], 1972) prepared 1:3:7- 
trimethyl-G-iiaphthol, m.p. 96-96°, from the corre- 
sponding sulphonic acid. Ho also converted 
l:3:7-trimethylnaphthalene into the 5\G-quinone, 
m.p. 154-155°, and the 5:8-quinone, m.p. 136- 
137°. When 2:3:6-trimethylnaphthalene is oxi- 
dised with chromic acid it gives both the 
[a-]q^dnone, m.p. 103°, and the 5:8-quinone, m.p. 
72-73°. 

POLYMETHVLNAPHTHALENES. 
Tetra- and Penta-methyinaphthalenes. — 
Ruzicka and co-workers obtained l:2:6:6-tetra- 


mothj'lnnphtlinlcno by healing a number of 
triterpenes and triterponoid compounds with 
selenium. In the course of the identification of 
this compound they synthesised tho following 
and characterised them by their picrates (P) 
styphnates (S) : 

1 :2:5:0-Tctrnmcthylnaphthnlone, 
m.p. 1 16-1 16-5°. 

P, m.p. 15-l-154-6°; S, m.p. 160-101°. 

l:2:0:8-Tetrnmethylnaphthalcno, 
b.p. 100-10S°/15 mm. 

P, m.p. 133-5-134°; S, m.p. 135-130°. 

l:2:6:8-Tetrnmolhylnaphthnlcno, 
b.p. l50°/9 ram. 

P, m.p. 137-138°. 

1:2;4:8-Tctramothylnaphthnlono, 
b.p. 150°/10 mm. 

P, m.p. 145-5°. 

l:2:4:5:8-Pentamothylnaphthnlene, 
b.p. 150°/10 mm. 

P, 140-147°. 

l:2:4:0:8-Pontamcthylnaphthalcnc, 
m.p. 106-107°. 

P, m.p. 187-188°. 

(Helv. Chim. Acta, 1933, 16, 314). 

Methylethyl- and Diethyl-naphthalenes 
are described in Table VI and call for no 
special comments. Tho preparation of 2-methyl- 
S-ethylnaplithalenc from 2-mothyl-3.acotyI- 
6:6:7:8 • totrahydronaphthalono has been 
p/itented by Hoffmann-La Roche (Swiss. P. 
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215656) wlio use it for obtaining antihsemor- 
rhagic compounds. 

The preparation of 2:G-di}iydroxy-li5-dielhyl- 
naplithahne, m.p. 262° {dimethyl ether, m.p. 
186°), has been described by L. F. Fieser and 
W. C. Lothrop (J. Amer. Chem. Soc. 1935, 57, 
1459) who obtained it by reduction of the 1:5- 
diacetyl-compound. The compound did not 
couple with diazo-compoimds. 

Dimethyl/sopropylnaphthalenes, etc. — 
Naphthalene hydrocarbons containing methyl 
and isopropyl groups are the parent substances 
of plant sesquiterpene compounds found in many 
essential ods. The most important appears to 
be cadalene, l:6-dimethyl-4-isopropylnaphtha- 
lene, which is formed by dehydrogenation of 
cadinene {v. Vol. II, 188c) with sulphur. Euda- 
lene, l-methyl-T-isopropylnaphthalene, is ob- 
tained from eudesmol {v. Vol. IV, 393ffl), a 
sesquiterpene alcohol found in plants of the 
eucalyptus family (for references, see Table VII). 
Besides those given in the Table, a new synthesis 
of eudalene has since been reported starting 
from ethyl 6-methylcj/clohexane-l-acetate-2- 
propionate (N. N. Chaterjee and A. Bose, J. Ind. 
Chem. Soc. 1941, 18, 196), and one of cadalene 
from ethyl y-jj-tolyl-A^-pentenoate (P. G. Dntta, 
ibid. 1941, 18, 233). 

A considerable amount of work has been 
carried out on the preparation of naphthalene 
derivatives containing higher alkyl groups in 
the nucleus. R. D. Desai and W. S. Waravdekar 
(Proc. Indian Acad. Sci. 1941, 13 a, 33, 39) con- 
densed a-naphthol with stearyl chloride by 
means of zinc chloride in nitrobenzene, obtaining 
80% of 2- and 6% of 4-stearyl-a-naphthol. 
Using a-methosynaphthalene and the appro- 
priate acid chloride, substitution took place in 
the 4-position giving ketones which were reduced 
to] l-methoxy-4:-hexadecyl-, m.p. 224-225°, 4- 
lauryl-, m.p. 111-112°, and 4-dodecyl-naphthalene, 
m.p. 165-166°. Y. F. Chi and G. T, Jang (J. 
Amer. Chem. Soc. 1941, 63, 3155) prepared 2-n- 
amyl-, m.p. 45-46-5°, 2-isoamyl-, b.p. 136- 
140°/3 mm., and 2-n-hexyl-a-naphthol, m.p. 42- 
43°, by a similar method. n-Docosylnaphfha- 
lene, Cj(,H,-[CH 2 ] 2 i-CH 3 , m.p. 56-58°, and other 
hydrocarbons have been described by L. A. 
Jlikeska el al. (J. Org. Chem. 1941, 6, 787). 

Vitaniin-A;^ has been shown by Doisy and 
collaborators to be 2-methyl-Z-phytyl-[a-'\naphilia- 
quinone (u. N-Vitamin, Vol. VII, 87o). 


NAPHTHYLACETIC ACIDS AND 
HOMOLOGUES. 

a-Naphthylacetic Acid has become of 
technical interest since the discovery that, like 
the natural hormone jS-indolylacetic acid, it acts 
as a plant growth stimulant in very small con- 
centrations. It is marketed in preparations for 
stimulating the rooting of cuttings {see Zimmer- 
man and WUcoxon, Contr. Boyce Thompson 
Inst. 1936, 7, 209, and much subsequent litera- 
ture ; also Geowth-Pbomoting Substances, 
Vol. IH, 1386). 

Several methods are available for the prepara- 
tion of a-naphthylacetic acid, the most practical 
being those depending on the hydrolysis of a- 


naphthylacetonitrile, which is prepared by the 
action of an alkali cyanide on a-naphthylmethvl 
chloride or bromide {v. p. 3936). The hydrolysis of 
the nitrile may be accomplished by boiling with 
a mixture of dilute sulphuric and acetic acids, 
the product being precipitated by diluting with 
a large volume of water. The naphthylacetio 
acid is pinified by dissolving in aqueous am- 
monia, and fractionally precipitating by addition 
of acid, the first portion of precipitate being 
discarded. Further purification is effected by 
recrystaUising first from water, then from ben- 
zene (A. Cambron, Ganad. J. Res. 1939, 17, B, 
10). The nitrile may also be hydrolysed in 
ether solution by caustic soda (Amer. Qyan- 
amide Co., U.S.P. 2166554). The preparation 
via a-naphthylmethyl bromide is described by 
Olivier and Wit (Rec. trav. chim. 1937, 56, 853). 
Other patented processes involve the conden- 
sation of naphthalene with chloroacetic acid at 
166-185° (I.G., G.P. 562391) and the interaction 
of a-naphthyl magnesium bromide and chloro- 
acetic acid (U.S.P. 2290401). 

a-Naphthylacetic acid crystallises in stout 
prisms, m.p. 135-135-5° (Olivier and Wit, he.); 
a-naphthylacetonitrile is a colourless oil, b.p. 
160-152°/l-5 mm. (Manske and Ledingham, 
Ganad. J. Res. 1939, 17, B, 14). 

^-Naphthylacetic Acid has m.p. 142°; it is 
sparingly soluble in water, readily in benzene 
(Blank, Ber. 1896, 29, 2373 ,- Wfilgerodt, J. pr. 
Chem. 1909, [ii], 80, 188). The amide, which 
can be obtained by heating jS-naphthyl methyl 
ketone with ammom'um sulphide and sulphur 
at 220-225°, has m.p. 200°. 

A number of a-naphthyl derivatives of higher 
fatty acids have been described (Mayer and 
Sieglitz, Ber. 1922, 55 [B], 1835; Manske and 
Le&igham, l.c.). 

NAPHTHYL ALKYL KETONES. 

Naphthyl alkyl ketones, C^pH^-CO-Alk, are 
formed by the action of acyl chlorides on 
naphthalene in the presence of aluminiiun 
chloride. Substitution takes place not, as 
might be expected, almost entirely in the a- 
position of the naphthalene nucleus, but also to 
a considerable extent in the /S-position, the 
proportion of a- to j3-isomer formed depending 
to an important extent on the solvent used and 
not on temperature. The reaction between 
naphthalene and acetyl chloride has been studied 
by several w-orkers. It was stated by E. CaiUe 
(Compt. rend. 1911, 153, 393) that acetyl chloride 
and other acyl chlorides gave only the a-ketone 
when the reaction was carried out in carbon 
disulphide at 0°. Chopin (Bull. Soc. chim. 1924, 
[iv], 35, 611) confirmed that both in carbon 
disulphide and in chlorobenzene only the a- 
compoimd was formed ; in bromobenzene some 
)3-compound appeared, in ligroin about equal 
proportions of a- and P- and in nitrobenzene 
chiefly j8-ketone. N. Froschl and J. Harlass 
(Monatsh. 1932, 59, 275) likewise obtained only 
the a-compoimd working in carbon disulphide 
solution. A, St. Pfau and A. Ofner (Helv. 
Chim. Acta, 1926, 9, 669), however, obtained a- 
and ^-isomers in the ratio 65:35 using carbon 
disulphide, 42:68 in chlorobenzene, and 11:89 in 
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nitrobenzene. Other workers (private communi - 1 
cation) have confirmed the observations of St. 
Pfau and Ofher. The two isomers are best 
separated by fractional cr 3 ’stallisation of the 
picrates from alcohol, the a-picrate crystallising 
first. More recently G. Lock (Monatsh. 1942, 
74, 77) found that the ketone prepared in carbon 
disulphide contains not more than 60% of the 
a-isomer. 

J. W. Wilfiams and J. BI. Osborn (J. Amer. 
Chem. Soc. 1939, 61, 3438) condensed koton 
instead of acetyl chloride Avith naphthalene in 
carbon disulphide in the presence of aluminium 
cMoride and claimed to get mainly the a-ketonc. 

Other acyl chlorides give mixtures of a- and 
)3-ketones with naphthalene in presence of 
aluminium chloride, e.g. propionyl and n-butyryl 
chloride (G. Bargellini and G. Melacini, Atti. 
E. Accad. Lincei, 1908, [v], 17, II, 26), oxalyl 
chloride (C. Liebermann and H. Zsuffa, Bor. 
1911, 44, 208), dimethylmalonyl chloride (M. 
Freund and K. Fleischer, Annalen, 1913, 399, 
203), and stearoyl chloride (F. Seidel and 0. 
Engelfried, Ber. 1936, 69 [B], 2573).* 

a-Naphthyl Methyl Ketone is described 
as an almost odourless liquid, b.p. 300-5- 
301-5°; St. Pfau and Ofner, and Froschl and 
Harlass, by cooling it below 0°, claimed to have 
obtained it crystalline, m.p. 34°, confirming 
Claus and Feist (Ber. 1886, 19, 3180), but Lock 
(l.c.) conchides that this was mostly ^-com- 
pound, and gives the melting-point of the a- 
compound 10-5°; its picrale has m.p. 118°; 
ozime, m.p. 137-138°. IVhen heated with sul- 
phur it is converted into a thioindigoid dyestuff 
(Dziewofiski et al., Bull. Acad. Polonaise, 1930, 
A, 198). 

j3-Naphthyl Methyl Ketone has m.p. 
54°, b.p. 307-6-308-5° ,- it has a persistent odour 
and is said to bo used in perfumery ; its picralc 
has m.p. 82°; ozime, m.p. 145-146°. Heated 
with sulphur, it gives 2:l-naphththioindigotin. 

L. Chopin (BuU. Soc. chim. 1929, [iv], 45, 
167) stated that the j8-compoimd imdcrgoos slow 
spontaneous transformation into the a-isomcr 
if traces of the latter are present, a most unusual 
change if the observation is correct. 

a-Naphthyl Heptadecyl Ketone has m.p. 
64° (H. Eyan and T. Nolan, Proc. Eoy. Irish 
Acad. 1912, B, 30, 1) and the ^-ketone m.p. 66- 
67° (Freund and Fleischer, l.c.). 

a-Naphthyl Undecyl Ketone is a liquid, 
b.p. 240-246°/5 mm. (A. W. Ealston and C. W. 
Christenson, Ind. Eng. Chem. 1937, 29, 194). 

a- and )3-Naphthyl methyl ketones are con- 
venient starting materials for the preparation 
of a- and )S-naphthoic acids by oxidation with 
potassium hypochlorite (L. F. Fieser, H. L. 
Hohnes, and M. S. Newman, J. Amer. Chem. 
Soc. 1936, 58, 1055). 

Hydroxy-derivatives of naphthyl alkyl 
ketones are formed by the action of acyl 
chlorides, or the fatty acids, on naphthols in 
presence of zinc chloride, or by the action of 
aluminium chloride on naphthyl esters of fatty 
acids (Fries transformation) or by dealkylating 


comprehensive account of the acylation 
naphthalene and derivatives in the presence 
aluminium chloride, see C. A. Thomas, “ Anhydro 
Alummum Chloride in Organic Chemistry," Eeinho 
Pubhshmg Corporation, :^ew York, 1941, pp. 271 el si 


alkoxynaphthyl alkyl ketones. 0. N. Witt and 
D. Braun obtained l-hydrozy-2'naphthyl methyl 
keione, m.p. 103°, as principal product by the 
action of acetyl chloride and zinc chloride on 
a-naphthol (Ber. 1914, 47, 3216). They showed 
that the product obtained by Gattermann 
Ehrhardt and Maisch {ibid. 1890, 23, 1209) 
by the action of acetyl clilorido and alumin- 
ium chloride on a-ethoxynaphthaleno contains, 
besides a 52% 3 'ield of i-elhoxy -I -naphthyl methyl 
ketone, m.p. 78-79", some i-hydrozy-1-naphlhyl 
methyl- ketone, m.p. 198°, and 2:‘i-diacelyl- 
\-naphihol, m.p. 150°. When the 4-ethoxy-l- 
naphthyl methyl ketone is treated with alu- 
minium chloride it is not only do-othylatcd but 
suffers an isomeric change giving l-hydroxy-2- 
naphthyl mcth 3 -l ketone ; in benzene it can bo 
do-eth 5 dnted without isomeric change. 

The autoxidation of 2 -acct 3 -l-l-naphthol in 
alkaline solution has been studied by K. Fries 
and H. Lcue (ibid. 1922, 55 [B], 753). 

1- Iiydroxy-3-naphthyl methyl ketone, m.p. 167°, 
was prepared by H. Erdmann (ibid. 1888, 21, 
635) by distilling bcnzylidcnclmvulic acid. 

E. W. Stoughton (J. Amer. Chem. Soc. 1935, 
57, 203) heated a-naphthyl propionate, but 3 -ratc, 
and valerate with aluminium chloride and 
obtained mainly the 2-acyl-l-nnphthol, with 
some 4- and some 2:4-dinc3d-l-naphthol (c/. 
Y-F Clii, ibid. 1939, 61, 2487). 2-Lauryl; m.p. 
74-75° (Me ether, m.p. 37-38°), 2-palmityl-, 
m.p. 83-B4° (jllc ether, m.p. 41-'! 2°), and 2- 
stcaryl-l-naphihol, m.p. 81-82° (Me ether, m.p. 
42-43°) wore obtained b 3 * E. D. Dc.sai and 
W. S. Waravdekar (Proc. Indian Acad. Sci. 
1940, 12, A, 507) b 3 ' licating a-naphthol with 
the fatty acid and zinc clilorido at 180°.- 

2- Hydroxy-l-naphihyl methyl ketone (l-acctyl- 
2-naphthol); m.p. 64°, is obtained when /9- 
naphthyl acetato is treated with aluminium 
clilorido (Fries, Ber. 1921, 54 [BJ, 709; Fries 
and Ehlers, ibid. 1923, 56 [B], 1305). The 
Ifriedel-Crafts reaction with acetyl chloride on 
)5-motho.xynnphthalono is influenced by the 
solvent used, ns is the case with naphthalene 
itself. In benzene or carbon disulphide, the 
product is \-acctyl-2-methoxynaphthalcne, m.p. 
67-58° (not 3-ncotyl-2-mothox3Tiaphthnlono, as 
stated by Witt and Braun, ibid, 1914, 47, 3224, 
and disproved by Fries and Schimmolschmidt, 
ibid. 1925, 58 [B], 2835), whilst in cold nitro- 
benzene, O-methoxy-2-acelylnaphthalcne, m.p. 
104-105° is formed in 70% yield. 

6-Methoxy-2-propionylnaphthalcnc, m.p. 109°, 
is similarly prepared (E. D. Haworth and 
G. Shcldrick, J.C.S. 1934, 864). 

3- Acetyl-2-mcthoxynaphthalene, m.p. 48°, was 
obtained by Fries and Schimmolschmidt by tho 
action of methyl zinc iodido on 2-mothoxy-3- 
naphthoyl chloride; 3-acetyl-2-naphthol forms 
ycUow leaflets, m.p. 112°, and, unliko tho 1:2- 
isomer, forms aUcali salts which are not prono to 
oxidiation in air. With bonznldoh 3 'do it con- 
denses to form p-naphthajlavone (J. Tambor, G. 
Plattner, and C. Zkoh, Hclv. Chim. Acta, 1920, 
9, 463). According to Wilson Baker and 
Garruthers, 3-acetyl-2-naphthol cxliibits as 
much internal chelation as 1:2- and 2:l-isomers 
(J.C.S. 1937, 479). 

1:5 - Diacetyl - 2.-6 - diliydroxynaphthalene, m.p. 



naphthalene. 
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263°, was prepared by L. E. Eieser and W. C. 
Lothrop (J. Artier. Chem. See. 1935, 57, 1463) ; 
its dimethyl ether has m.p. 216°, diacetate, m.p. 
189°. 

NAPHTHYL ARYL KETONES. 

Naphthyl aryl ketones have some technical 
importance as intermediates for dj’'estuffs. It 
was shown by R. Scholl and C. Seer that o- 
naphthyl phenyl ketone when heated with 
aluminium chloride undergoes dehydrogenation 
and cyclisation to benzanthrone (Aimalen, 1912, 
111) and this reaction when applied to 
1:4- and l:6-dibenzoylnaphthalenes gives rise 
to the important vat dyes, the dibenzopyrene- 
quinones (see Antheaqttinone Dyesttjefs, 
Vol. I, 4266). 

Phenyl a- Naphthyl Ketone (1-benzoyl- 
naphthalene), m.p. 76-5°, is obtained, together 
with about 20% of the /3-compound, when 
naphthalene and benzoyl chloride are heated at 
180-200° with a small amount of phosphorus 
pentoxide (H. Lecher, Ber. 1913, 46, 2667), or 
from naphthalene and henzoic acid, or from a- 
naphthoic acid and benzene with phosphorus 
pentoxide (M. Kollaritz and V. Merz, ibid. 1873, 
6, 541). 

Phenyl /S- Naphthyl Ketone, m.p. 82°, is 
obtained similarly from /S-naphthoic acid and 
benzene. SchoE and Seer (Z.c.) obtained o-tolyl, 
m.p. 64°, m-tolyl, m.p. 74-75°, and -p-tolyl a- 
naphthyl ketone, m.p. 85°, from naphthalene, 
the respective toluoyl chloride and aluminium 
chloride in carbon disulphide. They do not 
consider the possibihty of /S-isomer being formed. 

Phenyl 5:8-Dichloronaphthyl Ketone, from 
l:4-diohloronaphthalene and benzoyl chloride in 
the presence of aluminium chloride, has m.p. 
104-105° (LG., B.P. 301311). 

Phthalic anhydride condenses with naphtha- 
lene in the presence of aluminium chloride to 
give a very high yield of o-a-naphthoylbenzoic 
acid, m.p. 176-4° ; the conditions for carrying 
out the reaction have been studied by P. H. 
Groggins and H. P. Newton (Ind. Eng. Chem. 
1930, 22, 157) who recommend using 1-1 mol. of 
catalyst at 0° in o-dichlorobenzene as solvent. 
If, during the condensation, the temperature is 
aEowed to rise, a substantial amount of o-/S- 
naphthoylbenzoic acid, m.p. 166°, is formed (E. 
de B. Barnett and N. 0. CampbeE, J.C.S. 1935, 
1031). When the calcium salt of the a-acid is 
heated at 300-330° under reduced pressure it is 
decarboxylated to give phenyl a-vaphthyl ketone 
(Scottish Dyes, Ltd., B.P. 289544). The ketone 
itself when heated with potassium hydroxide at 
250-260° decomposes into naphthalene and 
benzoic acid (L. Olifsen, J. Gen. Chem. Russ. 
1939, 9, 36). 

Snlphonatipn of phenyl 1 -naphthyl ketone in 
the cold with 10% oleum gives 1-benzoylnaphiha- 
lene-5-sulphonic acid, which is decomposed by 
heating with 95% sulphuric acid at 160-170° 
into benzoic acid and naphthalene disiEphonic 
acid (J. S. Joffeand N. N. Melteva, ibid.,p. 1104). 

\-Benzoylnaphthalene-4:-mlphonic acid (chlo- 
ride, m.p. 117-119°; amide, m.p. 199-200°), is 
described by Dzievohski and Mosjew (Rocz. 
Chem. 1931, 11, 169). 

By strong chromic acid at 6-10°, phenyl a- 


naphthyl ketone is oxidised in poor yield to 5- 
benzoyhla-lnaphthaquinone, m.p. 152°, which can 
be reduced to 5-benzoyl-l:i-dihydroxynaphtha. 
lene, m.p. 194—196° (R. SchoE, J. Donat, and 
S. Hass, Ber. 1935, 68 [B], 2034). 

Phenyl A-hydroxy-l-naphthyl ketone is used 
under the name of Ciba Napthol RP (Basle) 
as a coupling component for the development 
of azo-dyestuffs on textEe fibres (H. Lederer, 
Textilber. 1931, 12, 461). It has m.p. 164-165° 
(ethyl ether, m.p. 73°) (c/. SchoE and Seer, 
Annalen, 1912, 394, 161). A number of patents 
describe its preparation by condensing a- 
napthol or l-naphthol-2-carboyxEc acid foEowed 
by decarboxylation, with benzotrichloride (S.C.I. 
Basel, B.P. 203824; 212569; 231342). 2:4- 
DibenzOyl-a-naphthol has mp. 138-139° (P. E. 
Popov, J. Gen. Chem. Russ. 1935, 5, 986). 

hS-pibenzoylnaphthalene, m.p. 186-6°, is the 
main product when phenyl o-naphthyl ketone 
is treated- with benzoyl chloride in the presence 
of aluininium chloride; the l:8-oompound is 
presumed to be formed at the same time (I.G., 
"6.1*. 2rJ95t)b). 'i-.h-Dihenzojfl.jiapMhalene, m.p. 
106°, iB obtained by condensing 1-benzylnaph- 
thalene with benzoyl chloride-aluminium chlo- 
ride to give i-benzoyl-l-benzylnaphthalene, m.p. 
110°, and oxidising the benzyl group to benzoyl 
with nitric acid (I.G., B.P. 333666). Nitro and 
sulphonyl derivatives of 4-benzoyl- 1-benzyl- 
naphthalene are described by Dziewofiski and 
Mozjew (l.c.). 

1x8- Pibenzoylnaphthalene, m.p. 189-190° (di- 
oxime, m.p. 270°) was obtained by Dziewofiski, 
Auerbach, and Mozjew (BuE. Acad. Polonaise, 
1929, A, 658) by oxidising 8-benzoyl-l-benzyl- 
naphthalene, m.p. 142°, itself obtained by the 
action of benzyl chloride on phenyl a-naphthyl 
ketone, 

2xQ-Pibenzoylnaphthalene (dioxime, m.p. 281°) 
and 2-'l-dibenzoylnaphthalene (dioxime, m.p. 
176°) have been prepared by oxidation of the 
corresponding dibenzylnaphthalenes (Dziewofi- 
ski and S. Wodelski, Rocz. Chem. 1932, 12, 366). 

An unusual form of diketone is obtained by 
the condensation of phthaEc anhydride ivith 
/8-naphthol in concentrated sulphuric acid or 
using aluminium chloride as condensing agent. 
It was shown by A. Rieohe and E. Fruhwald to 
be l:8-phtha]oyl-/B-naphthol (I) (Ber. 1931, 64 [B], 
1603; 1932, 65 [B], 1371; cf. Eieser, J. Amer. 


OH 



Chem. Soc. 1931, 53, 3546; 1933, 55, 3342; 
and for a summary. Annual Rep. Appl. Chem. 
1933, 20, 116). 

BENZYL DERIVATIVES OE 
NAPHTHALENE. 

Benzylation of naphthalene with benzyl 
chloride gives a-derivatives at lower, /S-deriva- 
tives at higher temperatures. 
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a - Benzylnaphthalene, CmH^-CHnPh, 
m.p. 59° (picrate, m.p. 100-101°), is the main pro- 
duct when, naphthalene is heated with benzjd 
chloride and a small proportion of aluminium 
chloride for a short time at 80-90°. 

^-Benzylnaphthalene, m.p. 35-5° {picrate, 
m.p. 93°) is obtained almost exclusively by the 
same reaction at 160°, adding the aluminium 
chloride gradually during an hour (L. Boux, 
Ann. Chim. Phys. 1887, [vi], 12, 289). 

Eor substitution derivatives of a-benzyl- 
naphthalene, see Dziewodsld et al., BuU. Acad. 
Polonaise, 1927, A, 273 ; 1930, A, 60. 

According to K. Dziewonski and J. Mozjew, 
when naphthalene is heated with benz}'! chloride 
at 100-120° in the presence of zinc chloride or 
aluminium chloride, there are formed, besides 
monobenzyhiaphthalenes, l‘.8-(libcnzylnaphtlia- 
lene, m.p. 146-5°, “ J3 "-dihcnzylnaiMiaknc, m.p. 
88° {picrate, m.p. 107°) and “ y " -dibenzijlnaph- 
tJiakne, m.p. 132°. The 1:8- and “ y ”-com- 
pormds do not form picrates {ibid. 1928, A, 283 ; 
Bocz. Chem. 1929, 9, 361). The “ /3 ’’-com- 
pound was later shown to bo l:i-dibcmylnaph- 
tkalene (Dziewonski et al., Bull. Acad. Polonaise, 
1929, A, 650). 

2:G-Dibenzylnaphthalene, m.p. 91°, and 2:7- 
dibenzylnaphthalene, m.p. 123°, are formed from 
naphthalene, benzyl chloride, and aluminium 
chloride at 170°. By the Friedel-Crafts reaction 
on 2-benzylnaphthaleno, Q-acelyl-2-benzylnapli- 
thalene, m.p. 96°, is obtained, from which were 
prepared Q-acetainido-2-benzylnap}i(halenc, m.p. 
189°, and G-amino-2-benzylnaphthalenc, m.p. 
95°. G-Benzoyl-2-benzylnaphthahne has m.p. 
126-127° (Dziewodsld and Wodelski, Bocz. 
Chem. 1932, 12, 366). 

1 - Benzyl - 3:4 - naphthaquinone (4 - benzyl - 
[fi-]naphthaquinone), orange platc.s, m.p. 148° 
(decomp.), has been described by L. F. and M. 
Fieser (J. Amer. Chem. Soc. 1939, 61, 596), 
according to whom it can exist in the stable 
tautomeric form, 2 - hydroxy - 4 - benzylidene - 1- 
naphthone (I), yellow needles, m.p. 182-5-lS2-8°. 


O 

II 



II 

CHPh 

I. 


1:5-Dibenzyl - 2:6 - dihydroxynaphlhalene, m.p. 
191°, Avas prepared by L. F. Fieser and W. C. 
Lothrop {ibid. 1935, 57, 1463). 

E. H. B. 


PART III. HYDROGENATED 
NAPHTHALENES AND THEIR 
DERIVATIVES. ' 


Synopsis of the Subject. 

Nomenclature (p. 409(i) ; General Methods for Hyd 
genation of Naphthalene (p. 4106) ; The Act 
•of Metals on Naphthalene (p. 412o) ; Hydroce 
tlon of Substituted Naphthalenes (p. 412c) ; 5Ia 
facture of Tetralln and Decalln (p. 413c) : Uses 
Tetrahn and Decalln (p. 414a) ; Isomerism Amon 
Hydrogenated Naphthalenes (p. 414c). 


Dlhydronaphthalcnes (p. 415o) ; Substitution Deriva- 
tives (p. 4]0fl). 

Tetralln (p. 410d) ; Tetralln Peroxide (p. 4176) ; Sub- 
stitution Itcactions (p. 417c) ; Halogcnation 
(p.417d); Nitration (p. 418c); Sulphonatlon 
(p. 419a) ; Amino Derivatives (p. 4196) ; Tetra- 
hydronaphthols (p. 4226) ; Derivatives of Mixed 
Arorantic-Alicyclic Character (p. 425c) ; Alkjd 
Homologiics (p. 42Cn) ; Aldehydes (p. 428d) ; Tctra- 
hydronaphtlioio Acids (p. 429a) ; Tetrahydrona- 
phtlmlcncdicarboxylic .-Vcids (p. 429i) ; Tctraloncs 
(p. 4806) ; Acyl Derivatives (p. 4326). 

Hexahydronaphthalencs (p. 432c). 

Octalins (p. 432rf). 

Decallns (p. 433d) ; Chlorodccallns (p. 434(7) ; Bromo- 
dccalins (p. 435a) ; Nitrodccalins (p. 435a); Amino 
and Hydroxy Derivatives (p. 4356) ; Dihydroxy- 
decnlins (p. 437o) ; Dccahydronaphthnidchydo 
(p. 4376) ; Dccalincarboxylic .’tcids (p. 4376) ; 
Dccalones (p. 437d) ; Homologucs of Decalln 
(p. 43Sc). 


Introduction. 

Naphthalene being a highly unsaturuted hydro- 
carbon is capable of giving rise to less un- 
saturated hytlrocarbons by addition of hydro- 
gen ; its structure shows live double bonds and 
theoretically each of these can bo hydrogenated 
in turn, giving di-, tetra-, hexa-, oefa-, and deca- 
hydrides, all of which should show isomeric 
forms of one kind or another. In fact, hydro- 
carbons of all these tj’pcs arc known and they 
and their derivatives have been the subject of 
a very largo amount of chemical work. Two, 
the tetrahydride, commonly known as tctralin, 
and the decahydridc, dcralin, have become of 
.some industrial importance. Of their deriva- 
tives and substitution products many have 
attracted the attention of industrial chemists, 
but few have found industrial application. 

Naphthalene is hydnjgcnatcd with greater 
facility than benzene, an observation in accord 
with its less truly aromatic character. Tito 
course of hydrogenation, however, shows a 
marked break at the tctralin (l:2:3:-I-tctrnhydro- 
naphthalene) stage ; tctralin shows, in fact, very 
similar behaviour as regards hydrogenation to *n 
substituted benzene; the intermediate com- 
pounds, hexalin and octalin, tend to »indergo 
disproportionation, in presence of catalysts, to 
tctralin and dccalin. 


Nomenclature. 

Hydrogenated naphthalenes are correctly 
named naphthalene hydrides, but it is more 
usual to call them hydronaphthalcncs ; number- 
ing is as for naphthalene, thus : 



::2-DIhydro- 

nnphthalcno. 



l:2:3:4-tctrahydro- 
naphtlmlcnc 
or 6:0:7:8-totrnhydro- 
naphthalcac. 



Decahydronaphtbalono. 
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An alternative procedure is to indicate the 
position of double bonds, this being especially 
useful with the more highly hydrogenated pro- 
ducts such as octahydronaphthalenes, e.g.. 



)-octahydronaphthalene. 



A*’-ootahydronaphthalene. 


The nomenclature proposed by Leroux (Ann. 
Chim. 1910, [viii], 21, 460) calling decahydro- 
naphthalene “ naphthane ” and the partially 
hydrogenated compounds “ naphthandiene,” 
“ naphthantriene,” etc., has not been accepted. 
The German abbreviations decahn (dekalin), 
octahn, hexalin, tetralin, are, however, con- 
venient and generally used. The names of 
functional derivatives are usefully based on 
these names, e.g., tetralol and decalol for 
hydroxy derivatives, tetralone and decalone for 
ketones. Functional derivatives of dihydro- 
naphthalenes and l:2:3:4-tetrahydronaphthalene 
are given the prefix ar- or ac- to indicate that 
the functional group is in the imhydrogenated 
or hydrogenated ring, in the former case the 
compound being aromatic and in the latter 
alicycUc in character. 


General Methods for Hydrogenation of 
Naphthalene. 

Naphthalene can be hydrogenated by many 
kinds of reducing agent, the most important 
being (a) hydriodic acid ; (6) a metal in combina- 
tion with an alcohol, water, or other source of 
hydrogen ; (c) hydrogen and a catalyst. 

(а) Hydrogenated naphthalenes were obtained 
by heating naphthalene with hydriodic acid, 
with or without phosphorus, by Berthelot (BuU. 
Soc. chim. 1868, [ii], 9, 228), Baeyer (Annalen, 
1870, 155, 276), Graebe (Ber. 1872, 5, 678), 
Agrestini (Gazzetta, 1883, 12, 495), Graebe and 
Guye (Ber. 1883, 16, 3028), and Wreden 
(Annalen, 1887, 187, 164). The reaction pro- 
ducts are complex and are dependent on the 
temperature. At temperatures between 170° 
and 280°, the formation of tetra-, hexa-, and 
deca-hydronaphthalenes has been reported. 
There is a suggestion that the tetralin obtained 
by this process is not identical with the 1:2:3:4- 
tetrahydronaphthalene obtained by other 
methods, the supposition being based on the 
statement by Graebe and Guye that the barium 
sulphonate from their product crystallised with 
l-SHgO, whilst that from tetralin from other 
sources is anhydrous (Leroux, l.c.) and different 
in crystalline form. 

(б) ’RTien naphthalene is reduced hy sodium 
and boiling ethyl alcohol, dihydronaphthalene is 


obtained (v. p. 4166), but when boiling amyl 
alcohol is used tetralin is formed (Bamberger and 
Eatschelt, Ber. 1890, 23, 1561 ; Leroux, Z.c.)." 
That the formation of tetralin in the latter case 
is due to the higher temperature is made probable 
by the observation that, if naphthalene is 
heated with sodium in solvent naphtha at 145° 
and ethyl alcohol added, tetrahn is formed 
(Bayer & Co., G.P. 306724) or water can be 
used instead of alcohol as a source of hydrogen 
(Chem. Fabr. Griesheim-Elektron, G.P. 370974). 
Tetralin is also formed by the action of sodamide 
(Sachs, Ber. 1906, 39, 3013) or sodium in liquid 
ammonia (Lebeau and Pichon, Compt. rend. 
1914, 158, 1614) on naphthalene. (See also 
p. 412ff, action of metals on naphthalene.) 

(c) The catalytic hydrogenation of naphtha- 
lene results in the formation of tetralin or 
decalin according to the conditions used. 
Three kinds of catalyst come into practical con- 
sideration ; the platinum-palladium type, the 
nickel type, and the molybdenum oxide or sul- 
phide type, and reaction may be carried out 
either in the vapour or liquid phase. 

The hydrogenation of naphthalene using 
platinum black as catalyst and ether or glacial 
acetic acid as solvent was studied by WiUstatter 
and Hatt (Ber. 1912, 45, 1474) and Willstatter 
and King (ibid. 1913, 46, 527), who obtained 
as sole product decahydronaphthalene, although 
when 1:2 - dihydronaphthalene was treated 
similarly, tetrahydronaphthalene was formed. 
Straus and Iiemmel also obtained tetralin by 
hydrogenating l:2-dihydronaphthalene with pal- 
ladium as catalyst, but with platinum in glacial 
acetic acid more highly hydrogenated products 
were formed (ibid. 1921, 54 [B], 25). When 
it became clear that tetralin was always formed 
intermediately in the hydrogenation of naphtha- 
lene to decalin in presence of nickel, Willstatter 
and Seitz (ibid. 1923, 56 [B], 1388) reinvesti- 
gated the hydrogenation in presence of platinum 
black, and discovered that the presence of 
oxygen was an important factor m determining 
the course of the hydrogenation. When the 
catalyst was rich in oxygen, tetralin was formed 
and was not further hydrogenated ; as the 
amount of oxygen present was decreased, forma- 
tion of decalin increased and with small amounts 
of oxygen present only decahn was formed. 
Further it appeared that with a minimal quan- 
tity of oxygen, tetralin is once more the product. 
These observations led the authors to postulate 
the primary formation of different dihydro- 
compounds ; the l:2-compoimd being the most 
stable, would be further hydrogenated to 
tetralin ; a dihydro-compound with a hydrogen 
atom attached to each nucleus might become 
perhydrogenated if the catalyst were poor in 
oxygen, or dehydrogenated if it were rich in 
oxygen. 

Zelinsky (ibid. 1923, 56 [B], 1723) observed 
that, in the vapour phase, decalin is smoothly 
dehydrogenated to naphthalene when passed 
over palladium black at 300° ; tetralin can be 
hydrogenated to decalin at 120° using the same 
catalyst, or using platinised asbestos at 150°. 
R. P. Linstead and his co-workers (J.C.S. 1937, 
1146) found that tetralin is quantitatively 
dehydrogenated by boiling (liquid phase) with 
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active platinum or palladium, tho best form of 
the latter being palladised charcoal. Decabns 
(cts- and iram-) were only very slowly^ de- 
hydrogenated in the liquid phase, and it is 
interesting to note that the octalins examined 
(fra 7 is-A- and undenvont disproportionation 
into tetralin and decalin, the former then being 
dehydrogenated. 

The use of a nickel catalyst for tho_ hydro- 
genation of naphthalene -was studied by- 
Ipatieff (Ber. 1907, 40, 1281). Ho used nickel 
oxide, and found that, under a pressure of 
100-120 atm. at 200-250°, hydrogenation 
stopped mth the formation of tetralin, but 
•when this ■was retreated -with fresh catalyst, 
dccalin, b.p. 189-191°, -was formed. Sabatier 
and Senderens had previously obtained tetralin 
by passing a mixtimo of naphthalene vapour and 
hydrogen over reduced nickel at 200° (Compt. 
rend. 1901, 132, 1264) and (ho vapour phase 
reduction was further studied by Lcroux (Ann. 
Chim. 1910, [viii], 21, 468). He found that 
hydrogenation to tetralin proceeded readily- at 
200° using nickel -which had been reduced from 
its oxide at 280°. To hydrogenate tho tetralin 
to decalin, considerable attention to detail is 
required. A highly active nickel is necessary', 
the sample used being obtained by rcdticing the 
oxide at 250° ; and tho temporaturo must be 
near 160°, since above 170° dehydrogenation of 
decalin to tetralin occurs. The decalin so 
obtained had, after purification, b.p. 187-188°. It 
was also found by Lush (J. Soc. Chem. Ind. 1927, 
46, 454 t) that at 200°, and atmospheric pressure, 
only tetralin is formed, but as tho pressure 
is increased and reaction takes place more and 
more in tho liquid phase, dccalin production 
increases. At 160°/300 lb. sq. in,, tho product 
contained 42-9% of dccalin. Similar results 
were obtained Ijy Kagehira (Bull. Chem. 'Soc. 
Japan, 1931, 6, 241) who stated that the dccalin 
obtained at 160°/91 atm. was a mixture of 90% 
of cis- and 10% of /rans-isomor. Tho effect of 
higher temperatures was studied by Waterman, 
Clausen, and Tullenors (Rec. trav. chim. 1934, 
53, 821) using nickel on kiesclguhr as catalyst. 
With an initial pressure of 113 kg./cm.- between 
243° and 300° only tetralin was formed and no 
higher hydrogenation occurred. With fresh 
catalyst, however, hydrogenation could be 
re-started at 100° and continued up to 257°, 
gi'ving a mixture of da- and traTis-decalin. 
When this mixtm-e was heated -with a nickel 
catalyst at 260—300°, isomerisation occurred, 
presumably cis- changing to irows-decalin. 

The dehydrogenation of tetralin by Raney 
nickel has been studied by Adkins and Reid 
(J. Amer. Chem. Soc. 1941, 63, 741) who found, 
in the liquid phase, 40% dehydrogenation at 
300° and 78% at 350°. These authors prefer 
to prepare tetralin by hydrogenating naphtha- 
lene at 160—200° 'With a copper chromite 
catalyst. 

When hydrogenation of naphthalene is carried 
out using a platinum or a nickel catalyst, free- 
dom from catalyst poisons, especially sulphur 
compounds, is essential, and the naphthalene 
must first be rigorously purified. The discovery 
that molybdenum and tungsten oxides and sul- 
phides can be used as hydrogenation catalysts 


which are not dcletcriously affected by sulphur 
compomuLs is therefore of considorablo im- 
portance. Tho first patent for this process 
appears to bo that of the Hungarian chemist 
J. Varga (B.P. 333453 ; F.P. 683070, 1928) who 
passed naphthalene over a molybdenum or 
tungsten catalyst, c.g., raolybdio acid, with 
excess of hydrogen in (ho prcsonco of hydrogen 
stilphido or .sulphur, at a tomperaturo of 460° 
using a short contact timo (about one minute) 
and obtained a mixture of tetralin and dccalin. 
■M. K. Biakova hydrogenated purified naphthn- 
leno to lotralin using molybdenum oxido ns 
catalj-st at 435— 14.5°/100-235 atm. (J. Appl. 
Cheni. Russia, 1931 , 4. 819). Further work was 
done in Russia by- Prokopotz and Jem (ibid. 
1934, 7, 169), who state that, using ns calnly-.st 
molybdenum sulphide 320-.370°/200 atm., a 
mixture of tetralin and dccalin is obtained. Tho 
decalin formed at 350° is Irani ; any di formed 
at lower temperatures changes to tho Irani- 
form in presence of catalyst at 360-370°. At a 
temperature of 384-3907100 atm. they obtained 
100% conversion of naphthalene into tetralin 
(Dcstr. Ilydrog. of Fuels, 1934, 1, 275). A 
patent of I.C.I. and E. D. Knmm (B.P. 401724) 
.states that tungsten .sulphide, WS,, can bo used 
to hydrogenate naphthalene to tetralin at 
temperattircs between 170° and 300°, and pres- 
sures ns low ns 10 atm,; some hydrogen siil- 
phido is used with the hy-drogen to maintain (he 
activity of tho catnly.st. According to Prokopetr, 
and Pavlenko (Koks i. Ciiim. 1934,4,58) coke- 
oven gas can bo u'cd ns the reducing agent with 
molybdenum sulphide, tho best conditions being 
420°/250-2G0 atm, Tlic publications generally 
agree (lint molybdenum catalysts require a 
higher temperaturo than nickel. 

Tho course of tho high-pressure hydrogenation 
of naphthalene with moly-bdenum and tungsten 
catalysts has been discussed in pidilications by- 
Varga and by- Prokopetr. which are inaccessible 
in this country- (for summaries are Chem. Zentr. 
19.35, I, 1012); and by C. C. Hail (Fuel, 1933, 
12, 76). There is general ngreement that break- 
dow-n to benzenoid hy-droenrbons starts when a 
catalyst is present at temperatures above 400°. 
In tho absence of a catalyst Hall found (working 
in a nickel steel vessel) that naphthalene is 
stable at 450° but, at 500°, 20-30% is converted 
into tetralin and low-boiling hydrocarbons. In 
presence of active carbon and ammonium moly-b- 
dato tetralin formation starts at 350° and is 
nearly complete at 400° ; at 500°, 50% is con- 
verted to low-boiling liy-drocarbons, which arc 
supposed to bo formed from tetralin in tho 
stages 7i-butylbcn7.onc, othylbonzono, toluene, 
benzene. No o-xyleno was found, Tlicso ob- 
servations agree substantially- with those of 
Ipatieff and Kojukwin using a nickel-alumina 
catalyst at 450-480°, except that these authors 
reported formation of o-xylono (Bor. 1925, 58 
TB], 1). Prokopetz states that dccalin is much 
less thermo-stable than tetralin, beginning to 
decompose in prcsonco of a molybdenum cataly-st 
at 400°, presumably by dohy-drogonation to 
tetralin. Other observers agree that the 
bonzonoid hydrocarbons arise from decom- 
position of tetralin, but they differ some- 
what ns to tho products formed, I.(j. (B.P, 
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3S9171) reported the formation mainly of di- 
cthylbenzenes and cymene nsing molybdentun 
or tungsten oxides at 340-500'“/50-3o0 atm.. 
■n-hilst Jem, nsing molybdenum sulphide or 
tungsten oxide containing sulphur at 415- 
5257100 atm., obtained a 70-75% yield of liquid 
hydrocarbons among Tvhich u-ere identified 
toluene, ethylbenzene, and propylbenzene. 
Ipatieff (J. Amer. Chem. Soc. 1933, 55, 3696) 
reported naphthalene along rrith benzene 
hydrocarbons under similar conditions, and 
Eosaka and Dan (J. Soc. Chem. Ind. Japan. 
1941, 44, 21b) found cycZopentane, cyclohexane, 
and methylcyclohexane urith the benzene 
derivatives. The last might contain much 
ethylbenzene (12% yield) under favourable 
conditions. 

The Action of Metals on l^aphthalene. 

Schlenk and Bergmann have shown (Annalen, 
192S, 463, 85 ; 464, 1) that lithium forms with 
naphthalene a l:4-addition compound which is 
hydrolysed to d --dihydronaphthalene and is 
converted by carbon dioxide to l;4-dihydro- 
naphthalene-l-.d-dicarboxylic acid, m.p. 226- 
227°. Sodium reacted very sluggishly with 
naphthalene, but more recently it has been 
shown that sodium also reacts with naphthalene 
in a suitable solvent. Ethyl ether does not 
favour the reaction, but dim thyl ether, and 
particularly ethylene glycol dimethyl ether, 
promote it. Sodium is added in small pieces to 
a stirred molal solution of naphthalene in the 
solvent in an atmosphere of nitrogen when a 
dark green solution is obtained ; not more than 
1 atomic proportion of sodium can be dissolved 
per 2 moL of naphthalene, and the temperature 
must be kept between —10° and -f 30° by cooling. 
"When the resulting solution is treated with 
carbon dioxide, preferably simultaneously with 
its preparation, a mixture of l:4-dihydronaph- 
thalene-l:4-dicarboxylic acid, m.p. 228-230°. and 
l:2-dihydronaphthalene-l:2-dicarboxylic acid, 
m.p. 185-190°, is formed, about 45^0% yield 
of the former and 28-32% of the latter (E, D. 
Scott, J. F. Walker, and V. L. Ha'-sley, J. Amer. 
Chem. Soc. 1936, 58, 2442 ; Walker and Scott, 
ibid. 1938. 60, 951 ; also B.P. 443361 ; 445417, 
449534; U.S.P. 2023793 ; 2054303; 2060829; 
2065756). The l:4-acid is oxidised by bromine 
to naphthalene-l:4-dicarboxylic acid and by 
ferricyanide to a-naphthoic acid. The l;2-acid, 
which is much more soluble in water than the 
other, is oxidised by ferricyanide to ^-naphthoic 
acid with some a-isomer (U.S.P. 2054100). 
The l;4-acid has been applied to the preparation 
of resins and plasticisers (U.S.P. 2035346; 
2040SS2; 2060829; 2065756). 

The action of potassium on naphthalene in 
liquid ammonia has been studed by C. B. 
Wooster and F. B. Sniith (■!. Amer. Chem. Soc. 
1931, 53, 179). 

The e are statements that sodium can be 
used as a catalyst for hydrogenating naphtha- 
lene. A process is described in which naphtha- 
lene was heated in an autoclave with sodium 
and hydrogen at 100 atm. pressure and a 
temperature near 300°; above 300° tetralin 
was formed and below 300° mainly decalin 


(I.G., G.P. 488759). Another patent claims 
that a lower temperature can be used when the 
catalyst is a sodium potassium alloy fG.P. 
473457). F. W. Bergstrom and J. C.* Carson 
(J. Amer. Chem. Soc. 1941, 63, 2935) describe 
the hydrogenation of naphthalene to tetralin 
in the presence of sodium at 172-21571.000- 
2,000 lb. per sq. in. Using hthium as catalyst 
only a little tetralin was formed ; calcium gave 
56% conversion to tetralin at 250-265°. 

Hydrogenation of Substitxiied Naphthalenes. 

The course of the hydrogenation of substitu- 
tion derivatives of naphthalene depends on 
manyfactors and cannot be foretold from a priori 
considerations. Di- and tetra-hydro-products 
may be obtained, two possibilities being open, 
namely hydrogenation of the substituted or of 
the unsubstituted ring. Under more drastic 
conditions, decahydro derivatives may be 
formed. There is also the possibility, fre- 
quently realised, of elimination of the sub- 
stituent group with formation of tetralin or 
decalin. The course of reduction is governed 
not only by the nature of the substituent group 
but also by its position, whether a or /S ; it is 
also influenced by the nature of the reducing 
agent, and in the case of catalytic reduction by 
the activity of the catalyst and by temperature 
and pressure conditions. A few examples will 
serve to illustrate these points, especially the 
hydrogenation of the a- and jS-naphthols and 
-naphthylamines. 

Bamberger and Bordt (Ber. 1890, 23, 215) 
found that when a-naphthol is reduced with 
sodium and amyl alcohol only ar-tetrahydro-a- 
naphthol is formed, and this conclusion was 
confirmed by Schroeter (Annalen, 1922, 426. 7). 
who also studied the hydrogenation in presence 
of a nickel cataly-st at 200° and found only 
25-30% of or-tetrahydro-a-naphthol in his 
product, the greater part having been converted 
into tetralin, though 10% of a-tetralone was 
also present. It appeared therefore that the 
major attack under these conditions was on the 
ring carrying the hydroxyl group, for the tetra- 
lone is an isomerisation product of 3:4-dihydro- 
l-naphthol, and further hydrogenation of this 
would give oc-tetrahydronaphthol from which 
tetralin would be formed by dehydration fol- 
lowed by further hydrogenation. Indeed. 
Brochet and Comubert, working with a metal 
catalyst at a lower temperature, 130°, claimed 
to get a product containing 85% of ac- and 
only 15% of ar-tetrahvdro-a-naphthol (Bull. 
Soc. chim. 1922, [iv], 31, 1280). At a still 
lower temperature (110°) Komatsu and Eodzu 
obtained 41% of crude ar-tetrahydro-a-naphthol 
and 51% of a.-tetralone with some tetralin, 
w hils t at 135-145° they found only 10% of Gr- 
and 90% of mixed ac-compound and tetralin 
(Mem. GoU. Sci. Kyoto, 1923, 6, 177). Eimura 
{ibid. 1931, A, 14, 173) obtained 59-3% of ac- 
and 40-7% of ar-tetrahydro-a-naphthol. using 
nickel at 130-150°/63 atm., and stated that the 
proportion of ar-compound increased with in- 
creasing pressure of hydrogen. Using a Eaney 
nickel catalyst at 155°. Musser and Adkins 
(J. Amer. Ghem. Soc. 1938, 60, 664) fovmd that 
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5 parts of ar-tetrahydro-a-naphtliol were formed 
against 3 parts of the ac-compound, the latter, 
however, hecoming converted to tetralin ; using 
copper chromite as catalyst at 190°, the ratio 
was 2 parts of ar- to 1 part of ac-tetrahydro-a- 
naphthol. Palfray, however, using Raney 
nickel at 65°/150 kg. per sq. cm., obseped the 
formation of ac-tetralol and tetralin only 
(Compt. rend. 1938, 206, 1976). 

jS-Naphthol, hy contrast with a-naphthol, 
when reduced with sodium and amyl alcohol, 
gives predominantly the cic - tetrahydro - ^ - 
naphthol udth only a few per cent, of the ar- 
compound (Bamberger and Eatschelt, Ber. 
1890, 23, 885 ; Schroeter, l.c.) Hsing a nickel 
catalyst, Schroeter again found that the main 
product was ac-)3-tetralol, and no tetralin or 
tetralone was formed. Brochet and Comubert 
(l.c.), using a nickel catalyst mider pressure at 
160°, found 75% of ac- and 25% of ar-tctralol 
in their product, absorption of h 3 'drogon stop- 
ping at the tetrahydro stage. IMusser and 
Adkins (I c.) obtained 87% yield of the ac-tetralol 
using copper chromite catalyst at 190° (cf. 
Palfray, l.c.). By contrast, it is claimed in 
B.P. 468375 (I.G.) that when the hydrogenation 
is carried out in aqueous alkaline or alcoholic 
aUcahne solution, using nickel, nickel-chromium 
or nickel-cobalt as catalyst, ^-naphthol gives 
only or-tetralol. 

The literature on the reduction of naphthol 
ethers is confused, but it seems fairlj' clear that, 
in general, a-naphthol ethers tend to give ar-, 
and )9 - naphthol ethers, ac - tetralol ethers, 
whether reduced ■with sodium and alcohol or 
■with hydrogen and a catalyst (see JIusscr and 
Adkins, l.c.). It is claimed, however (I.G., B.P. 
326762, 1928), that ar-compounds only arc 
formed by hydrogenating esters and ethers of 
a- and ^-naphthol using a nickel catalyst at the 
comparatively low temperature of 60-70°, the 
pressure being ca. 50 atm. 

The two naphthylamines show the same 
difference in their beha^riour on reduction ns do 
the two naphthols. With sodium and amyl 
alcohol, a-naphthylamine gives the aromatic 
base, ar-tetrahydro-a-naphthylamine (Bam- 
berger and Althaus e, Ber. 1888, 21, 1786) 
whilst )S-naphthylamine gives a preponderance 
of ac-tetrahydro-)S-naphthylamine and only a 
small proportion of aromatic base (Bamberger 
and Kitschelt, ibid. 1890, 23, 876). Catalytic 
reduction of a-naphthylanjine, e.g., by passing 
the vapour over reduced nickel at 136-145°, 
gives mainly (90%) aromatic base, whereas 
^-naphthol gave mainly ac-tetralol (Komatsu 
and Nodzu, Mem. CoU. Sci., Kyoto, 1923, [A], 
6, 177). Similar reduction of jS-naphthylamine, 
however, gives primarily 76% of ar- and 24% of 
ac- base, so that ■with )3-naphthylamine the 
nature of the products is profoundly affected by 
the reducing agent used (T. Hara, ibid. 1924, [Af, 
7,406; B.P. 290175; 506928; G.P. 681831). It 
IS stated by the Goodyear Tire Co. (B.P. 395232) 
that the products of catalytic hydrogenation 
of N -substituted )3-naphthylamines are affected 
by the conditions used ; ■with a nickel catalyst at 
180-200°, phenyl-)3-naphthylamine is said to 
give almost pure ac-tetrahydro derivative (B P 


The reduction of other functional derivatives 
of naphthalene is dealt with under the respective 
functional derivatives of tetralin. 

Manufacture of Tetralin and Decalin. 

Tho manufacture of tetralin and dccalin was 
started by the Tetralin G.m.b.H. shortly after 
the end of the war of 1914-1918, using a catalytic 
process ■with a nickel-containing catalyst. Very 
little information regarding the process^ adopted 
has been published beyond that contained 
paper by Schroeter (Annalen, 1922, 426, 7). 
Tetralin and dccalin arc now inanufacfurcd by 
Imperial Chemical Industries, Ltd. 

Eor tho catnl 3 'tic proccs.s, when a catalyst 
sensitive to sulphur, such ns nickel, is to be 
used, it is essential first to purif 3 ' the naphtha- 
lene. A number of methods for doing this have 
been patented. According to Schroeter, the 
crude, hot-pressed naphthalene is treated with 
finely divided or eaail 3 ' fusible metals and then 
distilled under reduced pressure. Such methods, 
using sodium ns the metal, are described in G.P. 
299012; 299013. Tho naphthalene may be 
vaporised and passed over sodium, iron, or 
niekcl at 160°; or tho treatment can be carried 
out in an organic solvent, which ma 3 ' be tetralin. 
Other methods in which tho purif 3 ’ing agent is 
an absorbing substance such ns fuller’s earth, 
kicsclguhr, or charcoal, used at 150°, have been 
described (Tetralin G.m.b.H., G.P. 324861/2/3, 
1916-1916), and a metal, nickel or iron, ma 3 ’ bo 
used at the same time. A more reccntl 3 ' pro- 
posed method is to heat crude naphthalene with 
hydrogen under pressure at 300-470° without 
any catatyst. Tho impurities arc said to under- 
go polymerisation and condensation, and b 3 ’ 
distillation a yield of 80-85% of naphthalene 
suitable for h 3 ’drogcnation is obtained (Gework- 
schaft Dl. Stinnes, G.P. 010829). Schroeter (l.c.) 
has described in some detail the laboratory 
preparation of tetralin (tho product obtained 
had p““ 0'974-0-970, setting-point —27° to 
—30°, b.p. 200-208°, flash-point 78°), but his 
description of tho manufacturing process is 
given in vcr 3 ' general terms. Tho manufacturing 
process worked out b 3 f Schroeter, Gowinnor, and 
Schrauth for tho Tetralin G.m.b.H. at Rodlobcn 
bei Rosslau was based on the laboratory process 
described by Schroeter. 

Decalin was obtained by h 3 ’drogonating tho 
tetralin ■with fresh catalyst under similar con- 
ditions at a constant h 3 ’drogen pressure of 
12-16 atm., tho time required being about 
4 hours. It can bo purified from tetralin and 
other impurities by digesting •^vith a little sul- 
phunc acid, separating from a resinous residue, 
washing, drying, and distilling. So obtained it 
had b.p. 189-191°/770 mm., pj® 0'8842, and 
formed a glassy solid at —126°. 

In a modem process tho naphthalene to bo 
treated is melted, filtered from solid particles, 
and pumped to the reaction vessel where it 
meets the hydrogen and passes with it over tho 
catalyst. Tho product obtained, which is almd’st 
free from naphthalene, is pumped to a still 
where it is distilled and separated into two main 
fractions consisting almost exclusively of tetra- 
and deca-hydronaphthalene respectively. Tho 
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separation is good and further purification of the 
products is not normally necessary. 

The British products are marketed under the 
names “ Tetranap ” and “ Dec ” and conform 
to the folio-wing specifications : 



“ Tetranap.’' 

•• Dee." 

Boiling range : 

Not more than 5% 

1 


below . . . . 1 

203° 

O 

O 

00 

Not less than 95% 



below .... 

' 208° 

196° 

Specific gra-vity at 15°- 

! i 

0-880 

16°C 

1 0-968 1 

Total sulphur . 

0-01% 

0-01% 

Colour 

Water- 

Water- 


1 white 

white 

Flash-point 

‘ 160°!'. 

1 

126°F. 


The British “ Dec ” is almost entirely trana- 
decahydronaphthalene -u'hereas the German 
Dekalin consists of about 60% cis- and 40% 
lm?w-decahydronaphthalene. 

Uses of “ Tetranap ” {Telralin) and, “ Dec " 
{Decalin). 

TetraUn is a powerful solvent for naphthalene 
and is used extensively in the gas industry for 
dissol-ving naphthalene deposits and, more 
particularly, for the prevention of such deposits, 
hy the operation of “ fogging.” This consists in 
injecting the solvent into the gas stream in the 
form of a mist or spray. A Ml in temperature | 
resulting in naphthalene condensation also 
causes the simultaneous condensation of sufiicient 
“ Tetranap ” to dissolve the naphthalene and 
remove it to a collecting vessel. Gum formation 
is also prevented hy ” fogging,” “ Tetranap ” 
is also an excellent solvent for meter mechanisms 
(see F. Schuster, Gas-u. Wasserfach. 1930, 73, 
1009 ; P. Deutsch, ibid. 74, 245 ; G. Weissen- 
herger, ibid. 1931, 74, 164). '‘Tetranap” has 
an excellent solvent poirer for a ivide range of 
oils, -waxes, tars, natural and most synthetic 
resins (Tetralin G.m.b.H., G.P. 301651, 1916). 
It is miscible in aU proportions with aliphatic 
alcohols (except methanol), -with chlorinated 
hydrocarbons, methylcycZohesane, methylcyclo- 
hexanol, methylcpclohexanone, etc. It is used 
in the paint industry as a paint remover and to 
prevent or minimise “ skmning,” It can also 
be used for the preparation of bitumen emulsions 
and as a solvent for asphalts and metallic soaps. 
It is said to be more effective than naphthalene 
as an insecticide against clothes moth (Colman, 
J. Econ. Entomol., 1934, 27, 860). It has also 
been suggested as a dispersion medium in the 
hydrogenation of coal (Ksher and Eisner, Ind. 
Eng. Chem. 1937, 29, 939). “ Dec ” is a 

po-werful solvent and is sold as a satisfactory 
substitute for turpentine, finding extensive use 
in the paint industry. It dissolves drying oils, 
and although its evaporation rate is lo-w the 
ultimate drying time of paints and varnishes is 
unaffected, and the high flash-point dimim'shes 
the fire hazard. “ Dec ” dissolves drying oils. 


soft resins, natural and synthetic -waxes 
bituminous materials and, in particular, syn- 
thetic resins of the glyptal type. Paints in 
which “ Dec ” wholly or partially replaces 
turpentine give a harder and more abrasion- 
resistant film, and varnish films are less sus- 
ceptible to -wrinkling, silking, and webbing. 
Paints thinned -with “ Dec ” also have superior 
flow properties. 

Isomerism Amongst Hydrogenated 
Naphthalenes. 

Only two dihydrides of naphthalene ate 
known, the 1:2- and I'.d-isomers, and only one 
tetrahydride with certainty, the l:2:3:4-CQm- 
pound, tetralin. It seems rmlikely that other 
isomers can have any stability. When the 9 and 
10 carbon atoms of naphthalene are hydro- 
genated, cis-trans isomerism comes into playj 
thus decahn exists in two forms, cis- and trans-, 
represented diagrammaticaHy in I and II. 



(7a)iS-decalm. 


In the octahydronaphthalene series (octahns), 
there are four possible positions for the one 
double bond, namely 1:2, 2:3, 1:9, and 9:10 ; in 
addition the first two compounds can show cis- 
trans isomerism, making six isomers in all. 
The hexalins form a more complicated series, 
but of these little is kno-wn. 

Tetralin forms two series of substituted 
derivatives, those in which the substituent is in 
the aromatic nucleus (the or- derivatives) and 
those in which it is in the hydrogenated ring 
(the ac- series). The former series gives the 
-usual position isomers ; in the latter series, 
mono-substitution products can exist in optically 
active (d- and Z-) forms, and when more than 
one carbon atom carries a substituent, cis-trans 
isomerism also appears. 

Decalin substitution products are very com- 
plicated in their isomerism. The 1- and 2- 
monosuhstitution products can each exist in 
four forms, two derived from cis- and two from 
trans-decalin ; in addition, each of these forms 
is asymmetric and should he resolvable into d- 
and Z-forms, making eight isomers in all. As 
the number of substituents increases the number 
of possible isomers rises rapidly, and the 
phenomena of isomerism have therefore greatly 
complicated the study of decalin chemistry. 



NAPHTHALENE. 


415 


DIHyDRONAPHTHALENES. 

Two dOiydrides of naphthalene are known, 
namely l:4-(or /d^-)dihy^onaphthalene (I) and 
l:2-(or id^)dihydronaphthalene (11). The 



former is the first product of reduction of 
naphthalene by sodium and ethyl alcohol; 
the latter is obtained when the former is heated 
with sodium ethoxide in alcohol, [a-] and 
[j3-]naphthaquinones are respectively the dilceto- 
compounds corresponding with (I) and (II). 
Both dihydronaphthalenes show the properties 
of aliphatic ethylene compounds in forming addi- 
tion compounds with halogens and in forming 
halohydrhis. They do not form picrates. 

The heats of hydrogenation of the two diliydro- 
naphthalenes to tetralin, determined by R. B. 
Williams (J. Amer. Chem. Soc. 1942, 64, 1402) 
are, for zl^-dihydro-, — 24-G, and for J --dihydro- 
naphthalene, — 27'6 kg.-cal. per mol. 

The two dihydronaphthalenes are distin- 
guished from one another by their different 
oxidation products, and their constitutions are 
thereby confirmed. With potassium perman- 
ganate, .d’^-dihydronaphthalene yields o-phenj'- 
lenediacetic acid, whilst ^i-dihydronaphthnleno 
yields o-carboxyphenylpropionic acid (Straus 
and Rohrbacher, Ber. 1921, 54 [B], 40), and by 
the action of ozone and decomposition of the 
ozonide, j3-o-aldehydophenylpropaldehydo (von 
Braun and Zobel, ibid, 1923, 56 [B], 2139). 

zl--Dihydronaphthalene (I) is prepared by 
the method of Bamberger and Lodtor {ibid. 
1887, 20, 3076; Annalen, 1895, 288, 74) by 
boiling a solution of 15 g. of naphthalene in 
300 c.c. of absolute alcohol with 22'5 g. of 
sodium until the metal has dissolved. The 
crude product contains besides some naphthalene 
and tetralin, about 5% of Zl^-dibydronaphtha- 
lene (Straus and Lemmel, Ber. 1921, 54 [B], 25) ; 
according to Cook and Hill (J. Amer. Chem. 
Soc. 1940, 62, 1995) the amount of the last can 
be reduced to a trace by carrying out the 
reduction in presence of benzene. The crude 
product is best purified by preparing the addition 
compound which Zl ^-dihydronaphthaleno forms 
with mercuric acetate, discovered by J. Sand 
and 0. Gennsler (Ber. 1903, 36, 3706) and used 
for the purpose of separation by Strauss and 
Lemmel {ibid. 1913, 46, 232) and subsequently 
by other workers. The mercuric acetate eom- 
pound has m.p. 122° (Sand and Gennsler) and 
forms a bromide, m.p. 159°. When treated with 
acid it yields pure A^-dihydronaphthalene, m.p. 
24-5-25° (Strauss and Lemmel), 26-6° (R. A. 
Morton and De Gouveia, J.G.S. 1934, 916); 
b.p. 94-5°/17 mm. (Strauss and Lemmel)) 
96°/18 mm. (Cook and Hill, l.c.) ; pf 1-006 (von 
Auwers, Ber. 1913, 46, 2988). The ultra-violet 
absorption was studied by Morton and Do 
Gouveia (l.c.) who found well-marked bands at 


274 and 267 m/i. and point out that its absorp- 
tion is practically identical with that of tetralin. 
According to ICimula and Dunicz (Z. physiknl. 
Chem. 1938, 181, 359) both dihydronaphthalenes 
are dehydrogenated by ultra-violet radiation. 

id--Dihydronaphthaleno has also been ob- 
tained by a number of other methods, e.g., from 
ar-5:8-dihydro-a-naphthylamino (Rowe and 
Levin, J.C.S. 1920, 117, 1677) and by the reduc- 
tion of ac-2:3-dibromotetrahydronaphthalcnc 
(Strauss, Ber. 1913, 46, . 1051), but none arc 
important for its preparation. The addition 
compounds are described under tetralin deriva- 
tives. 

A^-Di hydronaphthalene (11) is formed 
quantitatively when id--dihydronaphthalono is 
heated for 1 hour at 100-105° with 10% sodium 
ethoxide in alcohol (Strauss, ibid, 1913, 46, 
1051); the rate of conversion increases with 
temperature and with the concentration of 
sodium ethoxide (Strauss and Lemmel, ibid. 
1921, 54 [B], 25). It was shown by Strauss that 
the dihydronaphthalcne obtained by Will- 
statter and ICing {ibid. 1913, 46, 627) by distill- 
ing ac-tctrahydronaphthyltrimcthylammonium 
hydroxide is the A^-, not the A --compound ns 
stated. The Zl '-compound has been obtained 
by a number of other processes, particularly 
from oc-l:2-dibromotctrnliydronnphthaleno by 
treatment with zinc and alcohol (Bamberger 
and Lodtor ; Strauss and Lemmel ; Willstuttcr 
and King) or by the action of magnesium and 
other, or tin and alcohol (von Braim, G.R. 
316218, 1918; von Braun and Kirsclibaum, 
Bor. 1921, 54 [B], 597) or coppered zinc dust 
(Strauss and Ekhnrd, Annalen, 1925, 444, 146), 
or by distilling potassium zJ'-dihydronnphthoato 
with slaked hmo (Strauss and Lemmel) ; and 
from ar-7:8- or -5-.G-diliydro-a-uaphthylamino 
through the diazonium compound (Rowe and 
Levin, J.C.S. 1920, 117, 1578). It is distin- 
guished from the id --isomer by not forming an 
additive compound with mercuric acetate, by 
which it is oxidised to a mixturo of sterco- 
isomeric glycols. An account of the addition 
and oxidation products of zl'-diliydronaphtha- 
lono is given by Straus and Rohrbacher (Bor. 
1921, 54 [B], 40). The dibromido, l:2-di5ro7Ho- 
li2:3i44ctrahgdromphthahnc, forms prismatic 
crystals, m.p. 70-71°. 

id '-Dihydronaphthalcne is steam-volatile, has 
an unpleasant, penetrating smell, and crj-^stal- 
lises in plates, m.p. —8 to —7°, b.p. 84-85°/12 
mm. (Strauss and Lemmel), m.p. —4°, b.p. 
83-84°/6 mm. (Morton and Do Gouveia, l.c.), 
pf 0-997 (von Auwers, l.c.). It is difficult to 
separate by physical moans from naphthalene, 
rvith which it is said to form an isomorphous 
mixtmo. The absorption spectrum has been 
described by Morton and De (Souvoia (l.c.) the 
principal maximum being at 262 mu., with 
log € 4-01. 

The oxidation of -d'-dihydronaphthalono by 
ozone was studied by von Braun and Zobel 
{ibid. 1923, 56 [B], 2139). 

A 2}oiynier of .d'-dihydronaphthalono, m.p. 
about 220°, has been described by von Braxin 
and Kirschbaum (l.c.), and a dimer, m.p. 61-62°, 
by Walker and Du Pont (U.S.P. 2168011). 
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SxiBSTmJTioir Derivatives op | 

DiHYDBOKAPHTHALEirES . 

Numerous derivatives of ditydronaphtlialenes 
are recorded in the literature, and only a ferv can 
be mentioned here. They are formed, for 
example, by controlled hj’drogenation of sub- 
stituted naphthalenes, by dehydration of ac- 
tetralols, and in the course of ring-syntheses of 
naphthalenic compounds. 

1- Bromo-A^-dihydronaphthahne, b.p. 144-146“/ 
17 mm. was obtained by Strauss and Eohr- 
bacher {ibid. 1921, 54 [B], 40) by heating 1:2- 
dibromotetralin at 130-176° imder diminished 
pressure ; von Braun and Kirschbaum {ibid., 
p. 597) obtained the same compound, b.p. 
137°/15 mm., by heating 1 :2-dibromotetralln 
with diethylamine or pyridine. 

a.T-5:8-Dihydro-a-naphihylamine, or 6-amino- 
J --dihydronaphthalene, colourless plates or 
needles, m.p. 37-5°, is formed (together with a 
A' -isomer) by reduction of a-naphthylamine 
■with sodium and absolute ethyl alcohol in the 
presence of solvent naphtha ; it forms a crystal- 
line hydrochloride, an acetyl derivative, m.p. 
163°, and a benzylidem derivative, m.p. 69°. It 
is converted by heating for 1 hour at 140° -with 
sodium ethoxide into ar-7:8- or -5:6-dikydro-a- 
napbthylamim, b.p. 180-182°/30 mm., which 
forms a h 3 ’dro chloride, feathery needles, an 
acetyl derivative, m.p. 153°, and a benzylidene 
derivative, m.p. 64°, and by elimination of the 
amino group gives \'.2-diliydronaphtlialene (Rowe 
and Levin, J.C.S. 1920, 117, 1574). The bromi- 
nation of 5:8-dihydro-acet-a-naphthalide was 
studied by Rowe and Davies {ibid. 1922, 121, 
1000 ). 

2- Nitro-A^-dihydro}iap7ithalene, m.p. 52°, was 
prepared by Strauss and Ekhard (Annalen, 
1925, 444, 146), in a study of the action of 
nitrous acid on il^-dihj-dronaphthalene. 

Reduction of a-naphthol ■with sodium and 
ethyl alcohol in toluene or solvent naphtha gives 
a mixtirre of 5:8- and 5:6(or 7:8)-dihydro-a- 
naphthols. Reduction appears to follow the 
same coiuse as that of naphthalene, giving first 
the A --dihydro derivative which is converted 
by heating -with sodium ethoxide to the A^-form. 
If the reduction is completed by distilling off the 
solvent and heating at 125°, only the A^-dihydro 
derivative is obtained. The latter is reduced by 
further treatment •with sodium and ethyl alcohol 
to ar-tetrahydro-a-naphthol, whilst ar-A--di- 
hydro-a-naphthol is not affected. 

eLT-5:8-I>iJiydro-a-napJitJtol, m.p. 75°, is ob- 
tained from the corresponding amine by the 
diazo reaction. ar-5:6 (or liS)-Dihydro - a - 
napbtbol, m.p. 71°, is obtained similarly, or by 
reduction of a-naphthol as described above. 
Both form soluble sulphonic acids which when 
nitrated, followed by removal of the sulpho- 
group by hydrolysis, give respectively ar-2- 
7i/tro-5:8-, m.p. 98°, and ar-2-7!(fro-5:6(or 7:8)- 
dihydro-a-napMbol, m.p. 65° (Rowe and Le'vin, 
J.C.S. 1921, 119, 2021). Nitrous acid converts 
the dihydronaphthols into 4-7iifroso-5:S-, m.p. 
161°, and A-nitroso-5:Q{oT 1-.8)-dihydro-a-napli- 
thols {ibid. 1927, 631). 

Two ac-dihydro-a-naphthoic acids are known. 
The less stable ac-lii-dibydro-a-naphthoic acid 


is formed when a-napthoic acid is reduced -u-ith 
sodium amalgam at low temperatures; it has 
m.p. 86-87° ; ethyl ester, b.p. 166-167°/17 mm. 
The stable S:i-dihydro-l-7’aphthoic acid is 
formed when the labile acid is boiled with 
sodium hydroxide for some time; it has m.p. 
121°; ethyl ester, b.p. 185-186°/17 mm. (von 
Auwers and MoUer, J. pr. Chem. 1926, [ii], 109, 
124). (For earlier work on these dihydro acids, 
see Bayer et al., Annalen, 1891, 266, 169 ; von 
So'winski, Ber. 1891, 24, 2364; Kamm and 
McClugage, J. Amer. Chem. Soc. 1916, 38, 419). 

AH tlrree ac-dihydro-)S-naphthoic acids are 
Blown. Two are formed in the reduction of 
^-naphthoic acid by sodium amalgam (Baeyer 
et al., von So'winski, l.c . ; Derick and Kamm, 
ibid. 1916, 38, 400), namely the labile ao-l:2- 
dihydro-2-naphfhoic acid, m.p. 101° {ethyl ester, 
b.p. 152°/12 mm.), and the more stable ac-l:4- 
dihydro-2-vaphthoic acid, m.p. 162-163° {ethyl 
ester, b.p. 163°/12 mm., von Auwers and 
MoHer, Ic.). The third most stable isomer is 
formed by boiling either of the less stable 
isomers ■with barium hydroxide ■under pressure, 
or ■with potassium hydroxide. This isomer, ac- 
8‘.4:-dihydro-2-naphthoicacid.h.as m.p. 118°, ethyl 
ester, b.p. 159-160°/12 mm. {W. Hfickel and E. 
Goth, ibid. 1924, 57 [B], 1285, give m.p. 120° 
for the acid). According to von Auwers and 
jMoUer, the refiractive indices of the ethyl esters 
of aU the above acids are in agreement ■with the 
the structures assigned to them. 

Menthyl esters of the dihydro-a- and -^- 
naphtboic acids have been described by Rupe 
and co-workers (Annalen, 1903, 327, 188 ; 1910, 
373, 121). 

ar-Dihydronaphthoic acids are said to be 
formed by catalytic hydrogenation of the 
naphthoic acids in presence of platin'um oxide 
and acetic acid. Thus Ranedo and Leon (Anal. 
Fi's. Quim. 1927, 25, 421) obtained two isomeric 
ar-dihydro-a-naphthoic acids firom a-naphthoic 
acid, one giving an amide, m.p. 186°, the other, 
m.p. 138°, giving an amide, m.p. 200°. Similarly 
L-on and Charro {ibid. 1928, 26, 423) obtained 
two ar-dihydro-;8-naphthoic acids, one of m.p. 
140-141°, amide, m.p. 191°, the other of m.p. 
132-133°, amide, m.p. 133-134°. 

l:2:3:4-TETRAHYDRONAPHTHALENE 

(TETRAUN). 

Physical Properties . — Tetralin is a colourless, 
steam volatile oil. Its boiling-point is generaUy 
given as 206-5° (Schroeter, .^nalen, 1922, 426, 
7), but a careful determination by Herz and 
Schuftan (Z. physikal. Chem. 1922, 101, 269) 
gave b.p. 207-3°, and m.p. — 36-0±0-5°. The 
same authors give the density as pt=0-9S43 
(1— 0-000763t) ; Leroux (Ann. Chim. 1910, [viii], 
21, 458) gave p 0-984, whilst Schroeter gave 
0-971 ; Leuroux gives 1-5402. Other 
constants given by Herz and Schuftan are the 
vapour pressm-e, given by log p=— 2,681-3/3' 
-f 1-76 log 3’-0-0032143'-(-6-31446; heat of 

vaporisation, 79-32 cal./g. ; Trouton constant 
21-8 ; ebidlioscopic constant 5,773 ,- specific 
heat (15-18°) 0-403 ; coefficient of expansion 
(16-25°) 0-0078; critical temperature 789°; 
surface tension at b.p. 17-46 dynes/cm. ; mole- 
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oular surface energy 612'9. The molecular 
heat of combustion at constant pressure is 
l,341'2/20° (Roth and von Auwers, Annalen, 
1915, 407, 174). Eor absorption spectrum, see 
Morton and De Gouveia, .J.C.S. 1934, 919; 
Raman spectrum, Bonino and Celia, Atti R. 
Accad. Lincei, 1931, [vi], 13, 784. 

Chemical Properties . — ^The further reduction 
and destructive hydrogenation of tetralin have 
already been referred to. When tetralin is 
distilled with aluminium chloride at 170-270°, 
the product consists mainly of benzene and its 
homolbgues with some cyAopentane and cyclo- 
hexane (Turova-PoUak and Lubimova, J. Gen. 
Chem. Russ. 1938, 8, 638) ; but when it is 
treated with much less than 1 mol. proportion 
of aluminium chloride at 100°, the principal 
products are octahydroanthraccne and octahydro- 
phenathrene, whilst a more prolonged action 
gives products of lugher molecular weight 
(Tetralin G.m.b.H., G.P. 333168, 1919 ; Boedt- 
ker and Rambech, BuU. Soc. chim. 1924, [iv], 
35, 631). Schroeter (Ber. 1924, 57 [B], 1990) 
reported the identification of 2:G'-ditetrahydro- 
naphthyl and a-phenyl-b-naphthyl-n-bitlanc among 
the products ; the polymerisation of tetralin by 
aluminium chloride at 60° has also been studied 
by Waterman and collaborators (Rcc. trav. 
chim. 1937, 56, 69). 

Oxidation of tetralin takes place hy attack on 
the hydrogenated ring. When alkaline per- 
manganate is used, the product is mainly o- 
carboxyphenylproptonic acid; but by adding 
finely powdered potassium permanganate to a 
hot mixture of tetralin and water a nearly 
quantitative yield of phthalonic acid can bo 
obtained (J. von Braun et al., Ber. 1923, 56 [B], 
2332; G.P. 405469), some phlhalic acid also 
being formed. Improved conditions for this 
reaction are described by W. Davies and H. G. 
Poole (J.C.S. 1928, 1617). By oxidising tetralin 
with chromic acid in dilute acetic acid, Schroeter 
obtained l-ketotetralin (G.P. 346948). By a 
stiU milder oxidation, with lead tetra-acctatc, 
R. Criegee obtained l-acetoxy-h2:'ii:4-telrahydro- 
naphlhalene (Annalen, 1930, 481, 203). 

Tetralin Peroxide. — Sev^eral workers had 
early reported that tetralin, especially tho 
technical product, undergoes change on exposure 
to light and air, and the formation of water by 
exposing the hot vapour to air had been observed 
(c/. Weger, Ber. 1903, 36, 309 ; Ciamician and 
Silber, ibid. 1913, 46, 421; Atti R. Accad. 
Lincei, 1913, [v], 22, i, 131). In 1932 Hartmann 
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and Seiberth (Helv. Chim. Acta, 1932, 15, 1390) 
reported that tetralin by oxidation with air 
terms a peroxide to which they gave the formula 
(i). Hock and Susemihl (Ber. 1933, 66 [B], 61) 
turther described the preparation and properties 
Von. Vni.— 27 


of the substance, m.p. 66° (c/. S.C.I. Basle, B.P. 

; 396351), which they prepared by tho prolonged 
passage of air through technical tetralin, at 76 , 
followed by removal of excess of tetralin under 
t reduced pressure. A similar method of prepara- 
tion is described by Nusslc, Perkins, and Tocn- 
nies (Amer. J. Pharm. 1935, 107, 29) who 
obtained the pure compound by rccrj'stalh'sing 
I three times from light petroleum — ethyl acetate 
(70:22). Tho peroxide liberates iodine from 
hydrogen iodide, and oxidises leuco-mcthylcnc 
blue. It is stable for a short timo at 123° but 
explodes above tins temperature, and also on 
contact with concentrated sulphuric acid. It 
can be reduced by zinc dust, or sodium bisul- 
phite in aqueous method alcohol to l-fc/rn?o(, 
and is converted by warm potassium hydroxide 
into 1-tetralono. 

The peroxide may cause distillation residues 
from tetralin to e.xplodo. Antioxidants such ns 
catechol, quinol, and ^-naphthol inhibit tho 
nutoxidation of tetralin (V. Tanaka cl al., J. Soc. 
Chem. Ind. Japan, 1934, 37, 445 b; Yamndn, 
ibid. 1936, 39, 460n). The kinetics of tho nutoxi- 
dation have been studied by K. Ivanov ci al. 
(Compt. rend. Acad. Sci. U.R.S.S. 1939, 25, 34) 
and Medvedev and PodjapoLknja (J. Phys. 
Chem. Russ. 1939, 13, 717). For a priority claim 
to the discovery of tetralin peroxide, sec H, 
Kiemstedt (Bronnstoff-Chem. 1936, 17, 8.3). 

Substitution RrAcriONS of Tiitralin. 

Towards reagents which cfTcct substitution 
in tho aromatic ring, tetralin behaves like a 
l:2-8ubstitutcd benzene, and not like naphtha- 
lene. Thus sulphonntion occurs mainly in tho 
)9-position, giving tho C-sulphonic acid ; nitration 
gives a mixture of a- and p-nitro-compounds ; 
alkylating and ncylating agents in tho prcscnco 
of aluminium chloride attack tho /?-po.‘<ition 
almost, if not quite, exclusively. Phthalic 
anhydride condenses with tetralin to give 

0- 5:G-.7:B-lctrahydro-2-naphlboylbc7}zoic acid, m.p. 
163-166° (Schroeter, Ber. 1921, 54 [B]. 2242); 
succinic anhydride gives ^-6:6:7:S-tcfrnAT/(fro-2- 
naphthoylpropionic acid, m.p. 121-122° (Kroll- 
pfeiffer and Schafer, ibid. 1923, 56 [B], 028). 
The Friedol-Crafts reaction on tetralin has been 
studied, amongst others, by Scharwin ibid. 
1902, 35, 2511), Ilcsso [ibid. 1920, 53 [Bl, 1645), 
Boedtkor and Rambech (Bull. Soc. chim. 1921, 
[iv], 35, 033), and Barbot [ibid. 1930, [iv], 47, 
1314). For the condensation of tetralin with 
cyclopontono and cyc/ohoxcnc, sec Pokrovskaja 
el al., J. Gon. Chem. Rus^. 1939, 9, 1953, 2291). 

Halogenation. — Towards halogonating 
agents tetralin behaves like an alk 3 dbenzeno. 
When it is treated with chlorine or bromine at 
a low tomporaturo in absence of light, with or 
without a halogen carrier, substitution takes 
place in tlio aromatic ring ; at a higher tempera- 
ture OT under illumination tho hydrogenated 
ring is attacked. Chlorination of pure tetralin, 
cold, in tho prcscnco of iron gives a mixture of 

1- and 2-chloro-5:6;7:S.tetrahydronap}ilhalcnc in 
tho ratio 3:7 ; both are highlj^ refracting h’quids, 
b.p. about 118-119°/12 mm. By sulphonation 
they are converted into monosulphonic acids, 
but tho 1-chloro-compound can bo sulphonatcd 
preferentially leaving tho isomer unattackod. 
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ax-l-Ohloroieiralin-'t-sulpJionic acid fomiB a methyl alcohol. The 2:3-dibromo-oompound ia 
magnesium salt, + 2 H 2 O, soluhhity in boiling converted into naphthalene -with loss of hydrogen 
water 1:40, and sparingly soluble silver, barium, bromide by heat, concentrated sulphuric acid, 
and lead salts. d.T-2-Ohlorotetralin-3-stilphonic or alcoholic potash. „ 

act'd forms more soluble salts than the former ; a.T-1-Iodotetralin, b.p. 160717 mm., 279- 

the magnesium salt, +7HJD, has a solubility 2807765 mm., is obtained from the correspond- 
of 1 part in 6-5 parts of boiling water; the ing a m i n e by the diazo-reaction (LessUe and 
sodtitm salt, + 2 H 2 O, linS. Turner, J.C.S. 1932, 281). The foRowing nitro 

By fusion with caustic alkah the above two derivatives have been described : ar-l-todo-3- 
acids are converted into or-tetralol sulphonates nitro-, m.p. 118-118-5°, nx-2-iodo-l-nilro-, m.p. 
(Schroeter, Erzberger, and Passavant, Ber. 1938, 84"; a,T-2-iodo-3-nitro-, m.p. 76-76-5°; and 
71 [B], 1040 ; of. G.P. 417927). ax-S-iodo-l-nitro-fetralin, m.p. 64r-65° (Gumming 

According to Green and Rowe (J.C.S. 1918, and Howie, ibid. 1931, 3176). 

113, 970) no ar-l-cMoroteircdin is formed by the Nitration. — ^Nitro derivatives of tetralin 

action of sodium and amyl alcohol on 1-chloro- can be obtained by nitration if care is taken to 
naphthalene ; they obtained it from ar-1- prevent oxidation and resinification. Schroeter 
aminotetralin by the Sandmeyer reaction and et al. (Annalen, 1922, 426 , 39 ; cf. B.P. 148923, 
describe it as having an odour simRar to that, 1920) carried out the operation by using a mixed 
of chlorobenzene ; it has b.p. 2507748 mm. By acid containing rather more than the usual 
nitration it was converted into aT-2:4;-diriiro-l- amount of sulphxmc acid and water, adding the 
chloroteiralin, m.p. 68°, in which the chlorine mixed acid to the tetralin at not above 0°. 
atom is not reactive even to boiling aniline. Thus, a mixture of 120 g. of nitric acid, p 1-35, 
For the oxidation of ar-l-chlorotetrahn, see von and 260 g. of sulphuric acid, p 1-84, is added 
Braun et al., Ber. 1923, 56 [B], 2332. drop by drop to 132 g. of weU stirred and cooled 

Exhaustive chlorination of tetralin in diffuse tetralin, and stirring is continued for half an hour 
daylight gives B:6:7:8-tetrachloro-l:2:3:4-telra- after the acid has aR been added. Separation 
hydronapJithalene (=ar-l:2:3:4-telrachlorotetralin), of the nitro-compounds from the acid ia effected 
m.p. 172°, b.p. 180°/26 mm. (idem, ibid). It by adding 200-300 c.c. of carbon tetrachloride 
forms a dibromide, m.p. 142°. in which they dissolve. The carbon tetrachloride 

Chlorination of tetraRn at 100° yields 1:2- layer is separated, washed with very dRute 
dichloro-l:2:3:4:-tetrahydronaphthalene (ac-l:2-di- caustic soda solution, dried with calcium chloride, 
chlorotetralin), b.p. 155-160°/20 mm., which is and fractionaRy dIstiRed. The nitrotetralin 
difiScult to purify (von Braun and Kirschbaum, distils at 163-175°/13 mm. ; yield 80% of theory. 
ibid. 1921, 54 [B], 697). The product so obtained consists of a mixture 

ac-2-.3- Dichlorotetralin, m.p. 84-86°, was oh- ofabout equal amounts of 6- and 6-nitro-l:2:3:4- 
tained by Waser by the action of hypoohlorous tetrahydronaphthalene (or-1- and -2-nitro- 
acid on l;4-dihydronaphthalene (ibid. 1916, 49 , tetralins), which are separated by fractional 
1207). l:2:3:4-Tetrachloro-l:2:3:4:-tetrahydro- distRlation under reduced pressure foRowed by 
naphthalene is naphthalene tetrachloride, oh- crystaRisation, by cooling of the enriched frao- 
tained by the action of chlorine on naphthalene tions and recrystaRisation from methyl alcohol, 
imder mRd conditions (see p. 277c). For its 1-Nitrotetralin can also be obtained by partial 
crystaRography, see J. M. Robertson, Proc. hydrogenation (nickel catalyst) of the mixture, 
Roy. Soo. 1928, A, 118, 709. Analogous pro- the 2-nitro-compound being preferentiaRy re- 
ducts are obtained by the chlorination of chloro- duced. According to Vesely and ChudozRov 
naphthalenes. (Rec. trav. chim. 1925, 44 , 352) the 2-nitro- 

aT-l-Bromoletralin, obtained from 5-amino- compound is preferentiaRy reduced by sodium 
l:2:3:4-tetrahydronaphthalene, has b.p. 254— hydrosulphide, but the l-nitro-compound by 
256°/768 mm. (Smith, J.C.S. 1904, 85, 728) ; sodium monosulphide, especiaRy when the 
aT-2-bromotetralin has been obtained in a simRar mixture contains a greater proportion of the 
manner (Morgan, Mickelthwait, and 'Winfield, 2-nitro-compound. 

ibid., p. 736). All the homonuclear mononitro ai-'l-Nitrotetralin has m.p. 34°, b.p. 167°/13 
derivatives of or-1 and -2-bromotetralins, and mm., 1-1767. 

'also &T-l-bromo-2:4:-dinitro- m.p. 93-94°, and aT-2- Nitrotetralin, m.p. 31-6°, b.p. 169°/13 

2-bromo-l:3-dinitro-tetraUn, m.p. 135-136°, have mm., 1-1762. 

been described by Vesely and ChudozRov (BiRl. The nitrotetralins can be dehydrogenated 

Soc chim. 1925, [iv], 37, 1436). practicaRy quantitatively to nitronaphthalenes 

Bromination of tetralin at about 100° gives by treating with bromine at 100° and heating 
ac-l'.2-dibromolefralin,m.p. 70° (von Braim and at a higher temperature, when hydrogen bromide 
Bdrschbaum, Ber. 1921, 54 [B], 697 ; G.P. is evolved (von Braun, Hahn, and Seemann, 
316218), the same compound as that obtained Ber. 1922, 55 [B], 1687 ; Tetralin G.m.b.H., 
by addition of bromine to .zj ^-dihydronaphtha- G.P. 332593, 1919). The oxidation of the nitro- 
lene. 'Whether this is the cis- or truTW-com- tetralins by permanganate has been studied by 
pound or a mixture does not appear to be known, von Braun et al. (Ber. 1923, 56 [B], 2332). 

The tt-bromine is readRy replaced by hydroxyl Dinitration of tetralin gives a mixture Con- 
or alkoxyl. The isomeric &c-2-.3-dibromotelTalin, sisting for the most part of or-l:3- and 1:2- 
m.p. ^ 71-5-72°, is obtained by addition of dinitrotetralins which when crystalRsed from 
bromine to A^-dihydronaphthalene (Straus and glacial acetic acid form a eutectic, needles, m.p. 
Lemmel, ibid. 1913, 46. 232). This compound 72-73°, separable by crystaRisation from siR- 
differs from the l:2-dibromo-compound in that phuric acid into aT-l:2-dinitrotetralin, m.p. 102— 
ordy the latter develops acid when boRed with 103°, andar-l:3-dintfrotefraZin, m.p. 95°. Further 
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nitration of the l:2-dinitro-compound gives ar- 1 
l:2:4:-tri7iitrotetrctli7i, m.p. 94*6-95°, which forms 
with l:3-dinitrotetralia a eutectic mixture, m.p. 
82-83“. , 

ax-l-Nitrotetralin-S-sulphonic acid is obtamea 
by sulphonating 1-nitrotetralin with 10% oleum 
at 70-80° ; the amide has m.p. 189°. TMs acid 
is formed together with an isomeric acid, pre- 
sumably 2-nitToieiTalin-i-sulphonic acid {amide, 
m.p. 211-212°), when the total nitration product 
of tetrahn is sulphonated. Sodium^ 2-nitro- 
tetralin-4-sulphonate is less soluble in water 
than the isomeric salt (Schroeter et al., Annalen, 
1922,426,139). 

Sulphonation. — ^Tetralin is readily sul- 
phonated, even more readily than naphthalene, 
by concentrated sulphuric acid and by chloro- 
sulphonic acid ; when the former acid is used 
the main product is flr-tetralin-2-sulphonic acid ; 
sulphonation with excess of cold chlorosulphonic 
acid gives a mixture of about equal amounts of 
the 1- and 2-sulphonyl chlorides (Schroeter 
et al., I.C., p. 84). 

aT-Tetralin-l-sulphonic acid can be separated 
from the 2-sulphonic acid by crystallisation from 
chloroform, in which the latter acid is more 
soluble; from this solvent it crystallises rrith 
1 HjO, m.p. 105-110° ; from water it crystallises 
with 2H2O; the sodium salt crystallises ■with 
2H2O ; ammonium salt, anhydrous; barium 
salt, 3H2O; lead salt, 3H2O; sulphonyl 
chloride, m.p. 70-72°; amide, m.p. 139-140°; 
anilide, m.p. 148-149°. The sulphonyl jluoridc, 
m.p. 76-77°, has been prepared from tetralin 
and fluorosulphonic acid (Steinkop, J. pr. Chcm. 
1927, [ii], 117, 53). 

av-Tetralin •2-sulphonic acid crystallises from 
sulphuric acid noth 2H2O, m.p. 76°; sodium 
salt, HjO ; ammonium and barium salts, 
anhydi’ous; lead salt, h\„0 ; sidphonyl chloride, 
m.p. 68°; amide, m.p. 136-137°; anilide, m.p. 
155-166°. 

Reduction of the tetralin-l- and -2-sulphonyI 
chlorides to sulphinic acids and finally to the 1- 
and 2-thiols, the condensation of these with 
chlorc acetic acid to form thiolacetic acids and 
the conversion of these into thioindigo dyestuffs 
has been described by Schroeter {l.c. ; sec also 
G.P. 299604, 1916 ; 336615, 1919 ; B.P. 148419). 
av-Tetralin-l-sulphinic acid was also prepared 
by Morgan, Micklethwait, and Winfield (J.C.S. 
1904, 85, 736), from the sulphonic acid, which 
they obtained from ar-l-aminototralin-4-s\d- 
phonic acid. 

UT-Tetralin-l:3-disulphonic acid {disidphonyl 
chloride, m.p. 103-104°) is obtained when the 
2-8ulphonic acid is heated for 10 hours at 160° 
with 26% oleum. When fused ■with alkali it 
loses the /S-srdphonio acid group as sulphuric 
acid, giving ar-tetrahydro-a-vaphthol (Schroeter. 
Ber. 1938, 71 [B], 1053). 

Amiko Deeivatjves of Teteaun. 

Reference has aheady been made to the 
difference in behaviour of a- and ^-naphthyl- 
amines on reduction (p. 4136). 

ar-Tetrahydro-a-naphthylamine. — This 

base is the principal product when a-naphthyl- 
amine is reduced by sodium and amyl alcohol, 
or by sodium and ethyl alcohol if a high boihng 
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solvent such as solvent naphtha is used, the 
alcohol being added to the mixture of solvent, 
sodium, and naphthalene at, say, 146° (F. Baj’^or 
and Co., G.P. 305347 ; 306724 ; Rowe, J. Soc. 
Dyers and Co. 1919, 85, 130; J.S.C.I. 1920, 39, 
241 t); water may, under such conditions, bo 
used instead of alcohol (Chcm. Fabr. Griesheim- 
Elektron, G.P. 370974). Schroeter (Anzialcn, 
1922, 426, 23) obtained the base by hydrogena- 
tion of ar-l-nitrototralin, or of the mLxed I- and 
2 -nitrotetralins, the amines being separated by 
crystallisation of the hydrochlorides from water, 
or of the methanei'sulphonatcs from 90% 
alcohol, or by a method of preferential acetyla- 
tion. 

According to Lindner and Siegel (Jlonntsh. 
1926,46,225) the nitrotctralins arc best reduced 
to amines by iron and alcohol in prc.«cnco of 
calcium chloride. 

ar-Tcirahydro-u-naphihijlaminc is a colourless 
oil, darkening on c.xposuro to air, b.p. ]4G°/12 
mm. (Schroeter, l.c.); 2'75°l'il2 mm. (Bam- 

berger and Althaiissc, Bor. 1888, 21, 1786). 
The acetyl derivative has m.p. 158°, benzoyl 
derivative, 154° (Lindner and Siegel, l.c.), 
benzylidene derivative, m.p. 61-5° (Rowe and 
Lerin, J.C.S. 1920, 117, 1579). Urea and 
thiourea derivatives of flr-tetrah5'dro-a-nnph- 
thylamine were described 1)3' Bamberger and 
Althausse (l.c.). 

ar • Tetrahydro - a - nnphlh3-laminc h3’dro - 
chloride forms double salts with mercuric 
chloride, B,HCl,HgCL. m.p. 179-180°; 
2 (B,HCI)HgCl2, m.p. 217-.7-219°; B,HCI, 
2 HgCl2, m.p. *192-.5-193-5° (Grohmann and 
Brouwer, Annalen, 1909, 365, 50). 

Intermediate compoimds fonned 63' reduction 
of ar-l-nitrototralin including 07.0x3', end 
h3'drazino-compoundB have been described 1)3' 
Schroeter (l.c.), and also the application of the 
benzidine conversion (o hvdrazotclrnhydro- 
naphthalcno (c/. B.P. 170867, 1920; ‘G.P. 
333167, 1016). ar-Tctrnh3’dro.a-naphth3'lnmino 
forms a normal diazo-compound from Avhich 
azo-dyes have been prepared. 

Oxidation of ar-tctrnh3'dro-n-naphthylnmino 
■with permanganate pves, not phthnlic acid but 
adipic and oxalic acids; with dichromate and 
sulphuric acid, tetrahydronaphthaquinonc ia 
formed (g.r.). 

Derivatives. — ar - 4 - liromotetrahydro-a-naph- 
thylamine, m.p. 42°, is formed by hromination of 
acyl derivatives of the base in glacial acetic acid, 
followed by hydrolysis ; the acetyl derivative has 
m.p. 180-181°, formyl, m.p. ]64'5°, propionyl, 
m.p. 185-186°, benzoyl, m.p. 202-203° (iSforgan 
el al., J.C.S. 1904, 85, 736). For other bromo 
derivatives, sec Rowe and Davies ibid. 1922, 
121 , 1000 ). 

ar - Tclrahydro-1 - naphthylamhie - 4 - sulphonic 
acid was obtained by Sciirooter (l.c.) by sul- 
phonating the base with concentrated sulphuric 
acid, or 10% oleum ; according to later work 
(I.G., G.P. 629653) the product of sulphonation 
with sulphuric acid at 80-90°, or with chloro- 
sulphonic acid in totrachloroothanc at 136°. con- 
sists of 40% of the 2- and 60% of the 4-sulphonic 
acid. 

Nitro derivatives of ar-tetrahydro-a-naphthyl- 
amine are obtained by nitrating the acetyl 
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derivative 'srith mised nitric-stdplitiric acids 
foUoTved by hydrolysis. The main product is 
the 4-nitro- derivative, but Schroeter (l.c.) also 
isolated the 2- and 3-nitro-compounds fc/. Green 
and RoTve, J.C.S. 1918, 113, 959). 

av-2-Nitro!eiraTiydro-a-naphthyIamive, 
m.p. 87-88°, acetyl, 184—185°. 

ac-Z-NilToletrahydro-a-naphtliylamine, 
m.p. 78°, acetyl, 193°. 

ar-i-Niiroteiraliydro-a-naplithylamine, 
m.p. 116°, acetyl, 178°. 

ar-i-A-DinUrotetrahydro-a-naphthylamine has 
m.p. 181°, acetyl derivative 202° (Green 
and Eowe), or 204° (Schroeter). 

N -Metliyl-ar-tetraliydro-a-naphtliylamine has 
b.p. 150-152°/12 mm., picrate, m.p. 174° (von 
Braun et al., l.c.). 

N - Ethyl - ar - telrahydro -a- naphthylamive is 
formed by reduction of ethyl- a-naphthylamine 
■(vith sodium and alcohol (Bamberger and Hel- 
■vrig, Ber. 1889, 22, 1311) or by hydrogenation 
with a nickel catalyst (S.C.I. Basle, B.P. 
276571). It is an oil, b.p. 2S6-287°/717 mm.; 
acetyl derivative, m.p. 159-160°. It forms an ofly 
N-nitroso-compound which changes in acid 
alcoholic solution to the 4-nt7roso-compovmd, 
m.p. 119°. 

Dimethyl-av-tetrahydro-a-naphthylamine, b.p. 
261-262°/721 mm., has been obtained both by 
reduction of dimethyl-a-naphthylamine (Bam- 
berger and Helwig, l.c.) and by methylation of 
ar-tetrahydro-a-naphthylamine (Morgan and 
Richards, J.S.C.I. 1905, 24, 652). It forms a 
methiodide, m.p. 164-5°, more readily than does 
dimethyl-o-toluidine and, according to von 
Braun, Arkuszewski and Kohler (Ber. 1918, 51, 
282) reacts slowly with formaldehyde in con- 
centrated hydrochloric acid to give a A-hydroxy- 
methyl derivative, the picrate of which has m.p. 
92-94°. 

N -Phenyl-ax-tetrahydro-a-naphthylamine has 
m.p. 43-5°, b.p. 198°/8 mm. (S.C.I. Basle, B.P. 
276571). 

ar-Tetrahydro-;S-naptithylamine (5:6;7:8- 
t etrahydro-2-naphthylamine) is only formed to 
the extent of 3—4% by sodium-amyl alcohol 
reduction of )3-naphthylamine, but to a greater 
extent by catalytic reduction (see p. 4136 ; cf. 
Lindner et al., Monatsh. 1923, 44, 337). It is 
prepared by the reduction of ar-tetrahydro-/5- 
nitronaphthalene or by reduction of the nitro- 
compound of tetralin and separation of the bases 
as described by Schroeter (l.c.). According to 
the LG. (G.P. 434403) the mixed amines 
obtained by this reduction can be separated by 
treatment with formaldeh 3 'de in hydrochloric 
acid solution, when the a-compoimd forms a 
diarylmethane derivative and the j3-compound 
is left unchanged. The I.G. claim that the 
mixtm-e of ar- (76%) and ac- (25%) tetrahydro- 
jS-naphthylamines obtained by catalytic reduc- 
tion of jS-naphthylamine can be separated by 
crystallisation of the ar-base from ligroin (G.P. 
581831). 

The ^-base has also been obtained from the 
oxime of ar-tetrahydro-^-naphthyl methyl 
ketone by the Beckmann change (Scharwin, 
Ber. 1902, 35, 2511) and from ar-tetrahydro-^- 
naphthoamide (von Braun, Kirsohbaum, and 


Schuhmann, ibid. 1920, 53, 1161) ; it has m p 
38-5-39-5° (G.P. 581831 gives m.p. 48°) b.p 
275-277°/713 mm., 147-148°/13 mm., and its 
odour resembles that of aniline (acetyl deriva- 
tive, m.p. 107°; benzoyl, m.p. 166-167°; 
-phthalamic acid, m.p. 156-158-5° ; -phlhal- 
imide, m.p. 169-171°). The hydrochloride and 
sulphate of the base are sparingly soluble in cold 
water and one-sixth as soluble as the a-com- 
pound in alcohol. When oxidised with alkaline 
permanganate it gives, like the a-compound, 
adipic acid (Bamberger and Kitschelt, Ber. 
1890, 23, 876), Por the application of the 
Sfcranp reaction to the base, see von Braun and 
Gruber (ibid. 1922, 55 [B], 1710), and of the 
quinaldine synthesis, Lindner et al. {l.c.). 

Derivatives. — In nuclear substitution reactions 
ar-tetrahydro-)3-naphthylamine resembles a sub- 
stituted a nilin e, the 1 -position not having the 
special reactivity which it has in |S-naphthyl- 
amine. In the Doebner-MiUer quinaldine syn- 
thesis the amine gives a mixture of both possible 
tetrahydro-jS-naphthaquinaldines (Lindner and 
Staufer, Monatsh. 1925, 46, 231). 

Bromination of ar-tetrahydroacet-^-naphtha- 
lide in glacial acetic acid gives a mixture of 1- 
and 4-bromo derivatives in the ratio 7:1, the 
latter being the more soluble in acetic acid. 
ax-l-Bromotetrahydro-P-naphthylamine has m.p. 
52-5 (acetyl, m.p. 125-5) ; ar-i-bromotetrahydro- 
P-vaphthylamine has m.p. 52° (acetyl, m.p. 151°) ; 
only the former is steam-volatile (Smith, J.C.S. 
1904, 85, 728). 

Nitration of ar-tetrahydroacet-J3-naphthalide 
follows a different course. In acetic acid the 
major product is the 3-nitro derivative, with 
1-nitro in smaller amount. In sulphuric acid 
the main product is the 4-nitro, with a smaller 
quantity of 3-nitro- and little, if any, l-nitro' 
derivative (Schroeter, Annalen, 1922, 426, 26). 
The melting-points of the nitroaminotetralins so 
obtained are : 

aT-l-nitro-2-amiTiotelralin, m.p. 96°, 
acetyl, 126-127°. 

aT-3-nifro-2-aminotefralin, m.p. 125-127°, 
acetyl, 132-134°. 

ax-4:-vitro-2-a7ninotetralin, m.p. 55°, 
aceUjl, 194-195°. 

ar-Tetrahydro-2-naphthylamive-4:-sulphonic acid 
was obtained by Schroeter by^ cataljdic reduction 
of the corresponding nitro-compound (p. 419a) ; 
it forms a sparingly soluble crystalline powder ; 
the sodium salt is readily soluble in water. 
Sulphonation of ar-tetrahydro-jS-naphthylamine 
gives ax-2-aminotetraUn-3-sulphonic acid (I.G., 
G.P. 629653). 

The following ar-dinitrotetrahydro-jS-naph- 
thylamines have been described (Schroeter, 

?.c.): 

ax-l-.3-Dinitrotetrahydro-P-naphthylat7nne, m.p. 
166-168°; its acetyl derivative, m.p. 189-191°, 
is obtained by further nitration of ar-1- or -3- 
nitrotetrahydroacet-^-naphthalide, in sulphuric 
acid solution. 

ax-Z'.i-Dinitrotetrahydro-^-naphthylamive, m.p. 
157° ; its acetyl derivative, m.p. 175-177°, is the 
main product of dinitration of ar-tetrahydro- 
aceto-^-naphthalide in sulphuric acid, and of its 
4-nitro derivative. 
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N -Methyl-ai'-tetrahydro-P-vapJithylamine has 

been obtained in the form of its acetyl derivative, 
m.p. 67-69°, by methylating the sodio derivative 
of ar-tetrahj’^droacet-jS-naphthahde, and as an 
oil, b.p. 267-5°/210 mm. by reducing methylene- 
or-tetrahydro-^-naphthylamine with sodium in 

amyl alcohol (Smith, J.C.S. 1904, 85, 732). 

N -Dimeihyl-ax-ielrahydro-^-napJithylamine, b.p. 

287°/718 mm., is the main product of reducing 
N-dimethyl-j8-naphthylamine with sodium and 
amyl alcohol (Bamberger and MiiUer, Ber. 1889, 
22, 1295). , . . 

N - Ethyl - ar - tetrahydro - jS - naphthylamine is 
formed to the extent of 4%, the main product 
being the ahcyclic base, when N-ethyl-^- 
naphthylamine is reduced with sodium and 
amyl alcohol. The base, which is steam- volatile, 
has b.p. 291'6°/720 mm. ; hydrochloride, m.p. 
173'6°; nitrosamine, an oil (Bamberger and 
Muller, I.C.). 

N -Diethyl-&v-tdrahydro-^-naphthylaminc, b.p. 
167°/16 mm., 298°/709 mm., is formed, with the 
alicychc isomer, by reduction of N -dieth 3 ’l-P- 
naphthylamine with sodium and amyl alcohol; 
it does not react with formaldehyde to give a 
Itl'-methylene-compound (Morgan, J.C.S. 1900, 
77, 819). 

H-Phenyl-aT-tetrahydro-^-naphthylamine has 
m.p. 65-66°, hydrochloride, m.p. 147-148° 
(Goodyear Tire and Rubber Co., B.P. 418374, 
1933). 

ex-Di- and Tri-aminoletrahydronaphthalenes. 

ar-Diamines derived from tetralin have been 
obtained by reduction of naphthylencdiamines, 
or of dinitro-, nitroamino-, and nitro-azo 
derivatives of tetralin. 

ar- Tetrahydro- l:2-naphthylenediamine, 
has m.p. 84-85°, b.p. 172-176°/13 mm., (Schroe- 
ter) ; l-acetyl derivative, m.p. 149-151° ; di- 
acetyl derivative, m.p. 245°; dihydrochloride, 
m.p. 260° (decomp.). It is formed by reduction 
■with sodium and amyl alcohol of l;2-naphthy- 
lenediamine in 15% yield, along •with the alicj’chc 
isomer (Bamberger and Sebieffelin, Ber. 1889, 
22, 1374), and by reduction (catal;^ic or stan- 
nous chloride) of l:2-dmitrotetralin (Schroctor) 
It forms a phenanthrazine, m.p. 228'5-230°. 

ar- Tetrahydro- l:3-naphthylenediamine, 
m.p. 84-85° or 89° {l-acetyl derivative, m.p. 173° ; 
^•acetyl derivative, m.p. 110-111°; diacetyl 
derivative, m.p. 245-246°) is obtained by 
reduction of ar-l:3-dinitrotetralin (Schrootor, 

l. C., p. 78 ; G.P. 333157, 1916). 

ar- Tetrahydro- l:4-naphthylenediamine, 

m. p. 83-85°, b.p. 203°/18 mm. ; mono-acetyl 
derivative, m.p. 156°, diacetyl derivative, m.p. 
291-292° (Schroeter), is the sole product of re- 
duction of l:4-naphthylenediamine ■with sodium 
and alcohol (Bamberger and Schheffelin, l.c.), 
and is also obtained by reduction of ar-l-nitro- 
4-aminotetralin (Green and Rowe, l.c.). 

ar- Tetrahydro- 2:3- naphthylenedi amine, 

m.p. 135-136°, was obtained by Schroeter, l.c.) 
by reduction of the 2-nitro-3-amine. With boil- 
ing acetic acid it forms aT-2-methyl-2:3-ietra- 
hydronaphthiminazole, m.p. 251-250°, and with 
phenanthraquinone an azine, m.p. 214-216°. 

ar-l:2;3-Triaminotetralin forms a tri- 
acetyl derivative, m.p. 285°, and ar-l:2:4- 


triaminotetralin a triacclyl derivative, m.p. 
316° ; both bases are imstable in air (Schroeter, 
I.C., p. 81). 

av-Tetrahydronaphthylamines as Dyestuff 
Intermediates. 

There are numerous references in the literature 
to the use of ar-tetrnh 3 'dronaphthy]nmines in 
the production of nzo-d 3 ’es, but such d 3 'cs have 
not found technical application. ar-Tctrah 3 'dro- 
a-nnphth 3 damino couples with diazo-compoimds 
forming azo-d 3 'cs resembling in shade those 
obtained from benzenoid amines rather than 
those from a-naphthylaraino ; nr-tctrnh 3 'dro-^- 
naphthylamine docs not form azo-compounds 
■with diazotised amines, but diazo-amino- 
compounds (Smith, J.C.S. 1902, 81, 900) ; the 
same is true of 4- substituted tetrahydro-a- 
naphthvlamines (Morgan, Micklethwnitc, and 
Winficl'd, ibid. 1904, 85, 743). The properties of 
d 3 'cstufr 8 derived from diazotised tetrnh 3 'dro-o- 
naphthylamincs have been described 1)3’ Rowe 
(J. Soc. Dyers and Col. 1919, 35, 128; 1925, 
41. 6). 

ac-Tetrahydro-a-naphthyInmine is- a 
slrongl 3 ' basic compound, forming a viscid oil, 
b.p. 240-6°/714 mm. It is formed in very small 
amoimt when a-nnphth 3 'lnniino is reduced with 
sodium and alcohol, and is best obtained b 3 ’ 
reduction of the o.vimo of l-kctotctraliydro- 
naphthalcno with sodium and alcohol (von 
Braun, Braimsdorf, and Kirschbaum, Ber, 1922, 
55 [B], 3648). Bamberger and Bainmann pre- 
pared it b 3 ’ oxidising l-nmino-5-hydrnzino- 
l:2:3:4-totrahydronnphlbalcno with copper sul- 
phate {ibid. 1889, 22, 951). It forms a stable 
nitrite, m.p. 138-139°, not decomposed b 3 ' 
boiling water, and an acetyl derivative, m.p. 
148-149°. 

nc-Tetrahydro-)3-naphlhylamine, a very 
strong base, is the principal product when ^- 
nnphth 3 ’lnmino is reduced with sodium and 
amyl alcohol (Bamberger and Jliillcr, ibid. 1888, 
21, 847 ; Bamberger and Kitschclt, ibid. 1890. 
23, 876). Its preparation, using sodium and 
fsoprop 3 ’l alcohol, is described in detail in 
Organic S 3 mthescs, Coll. Vol. I, p. S4G. The 
base is purified by precipitation ns carbonate 
from ether solution. The pure base is a viscid 
h'quid of p 3 ’ridino-liko odour, b.p. 1 lS-5“/8 mm. 
249’6°/710 mm., p'® T031. It forms an acetyl 
derivative, m.p. 107-5°, and bctizoyl derivative, 
m.p. 160-151°. JIan 3 ’ salts and other deriva- 
tives have been described; with benzene di- 
nzonium chloride it forms an cxi)losivo di- 
azoamino-compound. The pure nitrite of the 
base has m.p. 137° (Noyes and Ballard, Bor. 
1894, 27, 1450). Ph 3 ’siologicall 3 ’, the base has 
a powerful mydriatic action, also shown by its 
N -ethyl and dimethyl derivatives, but not b 3 ’ 
the corresponding rtC-tctrahydro-a-nnphth 3 'l- 
amine (Bamberger and Eilchnc, ibid. 1889, 22 
777). 

The folloudng N-alk 3 d derivatives of ac- 
tctrnhydro-)3-naphth3'lamino have been de- 
scribed. 

N - Methyl -ac - tetrahydro - )3 - naphthylamine, 
mobile oil, b.p. 118-119-8°/9 mm., pf 1-024; 
hydrochloride, sinters 196°, m.p, 214°; platini- 
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chloride, m.p. 228°; it was obtained by methyl- 
ating ac-tetrahydro-^-naphthylamine with di- 
methyl sulphate (Waser, ibid. 1916, 40, 1202). 

N - Dimethyl - ac - telrahydro - J3 - napUhylamine, 
b.p. 132-3-133-l°/ll mm. (Waser), 116°/22 mm. 
(Bamberger and Muller, ibid. 1889, 22, 1295) ; 
hydrochloride, m.p. 214^216° (decomp.) ; platini- 
chloride, m.p. 210° (decomp.). Its methiodide, 
m.p. 228°, is formed by exhaustive methylation 
of ac - tetrahydro - )5 - naphthylamine. The di- 
methyl base is formed when its methochloride 
is distilled (Waser) and in small amount, together 
with the or-isomer, by reduction of N -dimethyl- 
jS-naphthylamine with sodium and alcohol 
(Bamberger and Muller). 

N - Ethyl - ac - tetrahydro - ^ - naphthylamine, 
b.p. 267°/724 mm., 153°/23 mm. ; hydrochloride, 
m.p. 223-5°, nitrate, m.p. 184°; nitrite, m.p. 
180° ; picrate, m.p. 183-4° ; for other salts and 
derivatives, see Waser (l.c.), and Bamberger 
(Z.C.). It is a strong base resembling ac-tetra- 
hydro-j3-naphthylamine, and is formed in 36— 
40% yield, with the ar-isomer, by reduction of 
N -ethyl-^-naphthylamine with sodium and amyl 
alcohol. 

H-Diethyl-ac-tetrahydro-^-naphthylamine is ob- 
tained in very low yield by reduction of N- 
diethyl-jS-naphthylamine with sodium and amyl 
alcohol (Bamberger and WUliamson, ibid. 1889, 
22, 1760), the main product being the ar-isomer. 

H-Phenyl-ao-tetrahydro-^-naphthylamine, b.p. 
175-180°/2-3 mm., hydrochloride, m.p. 238-240°, 
is the main product of hydrogenating N -phenyl- 
p-naphthylamine with a nickel catalyst, and can 
be used as a rubber antioxidant (Goodyear Tire 
and Eubber Co., B.P. 418374, 1933), 

Teteahydeonaphthols. 

The course of hydrogenation of a- and fi- 
naphthols to the ar- and ac-tetrahydro derivatives 
has already been discussed. The individual 
compounds and some of their derivatives will 
now be described. 

ar-Tetrahydro-a-naphthol (6:6:7;8-Te{ro- 
hydro-l-naphthol, ax-l-tetralol) is a white, 
crj'staUine solid, m.p. 68-6-69°, b.p. 264-6- 
265-5°/705 mm., 147°/14 mm. It can be ob- 
tained as already described by reduction or 
hydrogenation of a-naphthol (p. 412ti) ; from 
ar-tetrahydro-a-naphthylamine (Bamberger and 
Althausse, Ber. 1888, 21, 1893). According to 
Sohroeter it was manufactiued by the Tetralin 
G.m.b.H. by fusing sodium 6-.6-.7;8-tetrahydro- 
naphthalene-l-sulphonate with caustic potash 
at 220-280°, the yield being 80% of theory 
(Annalen, 1922, 426, 7). The same author has 
also described its preparation from or-l-chloro- 
tetralin-4-sulphonic acid (p. 418a) and from 
or-tetralin-l:3-disulphonic acid (p. 4196). 

Ethers and esters of or-tetrahydro-a-naphthol 
are obtained by catalytic hydrogenation of the 
ethers and esters of a-naphthol (I.G., B.P. 
326762, 1928 ; Musser and Adkins, J. Amer. 
Chem. Soc. 1938, 60, 664). The methyl ether is 
a liquid, b.p. 113°/7 mm. ; ethyl ether, b.p. 122°/9 
mm.; aceiofe, m.p. 73-75°; benzoate, m.p. 46° ; 
carbonate, m.p. 114°. 

Derivatives. — ar - Tetrahydro-a-naphthoJ-4-sid. 
phonic acid is formed by the action of cold con- 
centrated sulphuric acid on ar- 1-tetralol (Green 


and Eowe, J.C.S. 1918, 113, 967) or by alkaline 
hydrolysis of or-l-chlorotetralin-4-sulphonate in 
the presence of copper (Schroeter et al., Ber. 
1938, 71 [B], 1048). It forms a sodium salt 
-)-1 HgO ; barium salt, -kSH^O. 

Nitration of the 4-sulphonio acid gives ar-2- 
nitrotetrahydro-l-naphtho^-4-sulphonic acid, yel- 
low, m.p. 182°. 

ar-2-Nitrotetrahydro-l-naphthol, yellow, steam 
volatile, m.p. 66°, is obtained by hydrolysis of 
the above sulphonic acid with &ute sulphuric 
acid; further nitration gives aT-2:4-diniirotetra- 
hydro-l-naphthol, m.p. 105° (Green and Eowe, 

l. c.). 

\ aT-4-Nitrotelrahydro-l-naphthol, m.p. 123°, is 
obtained by oxidising ar-4-nitrosotetrahyi-o-l- 
naphthol, m.p. 163°, formed by the action of 
nitrous acid on or-a-tetralol, with dilute nitric 
acid (Eowe and Levin, J.C.S. 1927, 630). 

ar-Tetrahydro-a-naphthol couples with diazo- 
benzene in the 4-position, to give 4-benzeneazo-aT- 
tetrahydro-a-naphthol, m.p. 144-146°, identical 
with the phenylhydrazone of tetrahydio- 
[a-]naphthaquinone (Eowe and Levin, l.c.). 
The semidine transformation of its ethyl ether, 

m. p. 91-6°, on reduction, has been studied by 
Jacobson and Tmnbull (Ber. 1898, 31, 890). 

ax-2-Aminotetrahydro-a-naphthol, obtained by 
reduction of the nitro-compormd, and from the 

2- bromo-compound (Tetralin G.m.b.H., G.P. 
336476), has m.p. 110-111°. 

&v-3-Aminotetrahydro-a-naphthol, m.p. 197°, 
acetyl, m.p. 211°, was obtained by Schroeter 
et al. (Annalen, 1922, 426, 157) from ar-l-amino- 

3- acetamidotetralin. 

aT-4-Aminofetrahydro-a-naphthol, m.p, 146- 
147°, was obtained by reduction of the 4-nitroso- 
compound and of the 4-p-Bulphobenzeneazo 
derivative. Its ethyl ether has m.p. 60° and 
gives a urea, aiA-ethoxy-l-tetredylcarbamide, 
m.p. 240-241° which does not possess a sweet 
taste (Schroeter et al., l.c., p. 166). 

By the action of carbon dioxide under pres- 
sure, alkali salts of ar- i-tetralol are converted 
into salts of ar-iefrahydro-l-naphthol-2-car- 
boxylic acid, m.p. 165-166°, acetyl derivative, 
m.p. 170° ; methyl ester, m.p. 66° (Schroeter 
et al., l.c., p. 158; E. Bayer and Co., G.P. 
336602). 

ar-Tetrahydro-)S-naphthol (6:6:7:8-2’e(ra- 
hydro-2-naphthol, aT-2-tetralol). Since the main 
product of reduction of jS-naphthol is the alcohol, 
ac-tetrahydro-^-naphthol, the ar-compotmd is 
best prepared by another method. Schroeter 
(Annalen, 1922, 426, 119; cf. B.P. 148408, 
1920) recommends the fusion of ar-tetralm-2- 
sulphonic acid with 75% caustic alkali at 280° 
for 2|-3 hours. The phenol is precipitated by 
carbon dioxide from the aqueous solution of the 
alkali salt, followed by distillation with super- 
heated steam imder reduced pressure. It is 
best recrystalliaed from light petroleum, when 
it forms lustrous needles, m.p. 61-5-62-5°, b.p. 
148°/12 mm. Nishimatsu and Edmura record 
having observed two forms (A, 1928, 285). It 
has a faint creosote odour and possesses phenolic 
properties, including bactericidal action. 

There are patents for the catalytic hydro- 
generation of ethers and esters of )3-naphthol 
(Chem. Fabr. Griesheim-Elektron, G.P. 370974 ,- 
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l. G., B.P. 326762, 1928), but according to 
Iilusser and Adkins the tetrahydro-products are 
alicyclic. The acetate of ar-^-tetraloI is a viscous 
oil, b.p. 168®/14 mm. ; the benzoate has m.p. 96°. 
The i-nitrobenzoate, m.p. 106-6°, cinnamate, m.p. 
77-5°, carbonate, m.p. 111°, and ethyl ether, h.p. 
129°/11 mm., are described by Thoms and 
Ejoss (Arch. Pharm. 1927, 265, 336). For esters 
of ar-tetralol having chemotherapeutic proper- 
ties, see Chem. Fabr. von. F. Hoyden A.-6., 
G.P. 414261, 1922; 457060, 1926. For the 
ultra-violet absorption of ar-a- and -^-tetralol, 
see Komastsu, Masumoto. and Kumamoto 
(Mem. CoU. Sci. Kyoto, 1924, [A], 7, 287). 

Derivatives. — ar-l-Bromo-2-teiral6l, m.p. 74°, 
is obtained by direct bromination of nr-2- 
tetralol; further bromination gives ar-l:3- 
dibromo-2-tetralol, m.p. 37°, also obtained b}' 
bromination of the 3-sulphonic acid or the 1- 
bromo-3-sulphonic acid ; its acetate has m.p. 87°. 

Sulphonation of flr-2-totrnlol gives the 3- 
sulphonic acid, which forms a sparingly soluble 
sodium salt ; bromination of this, or sidphona- 
tion of ar-l-hromo-2-tetralol, gives av-l-bromo- 
2-tetralol-S-sidphonic acid (Sclwoeter, Annalon, 
1922, 426, 122; c/. Ber. 1938, 71 [B], 1040). 
Sulphonation of aT-2-methoxytetralin, an oil, b.p. 
129-131°, gives the 3-sidphonic acid, m.p. 107°. 

Nitration of ar-2-tetralol vith nitric-sulphiuic 
acid gives the l:3-dinitro derivative, but with 
nitrogen peroxide in tetranitromcthane, nr-3- 
nitro-2-tetraIol, m.p. 88-89°, is obtained (Thoms 
and Kross, l.c.). l-Broino-3-niiro-2-telraldl, m.p. 
129°, is obtained by nitrating ar-l-bromo-2- 
tetralol-3-suIphonic acid. l-ChIoro-3-nitro-2~ 
teiralol has m.p. 96°. ex-h3-Diniiro-2-tetTdlol is 
prepared by ^ssolving ar-2-tetralol in concen- 
trated sulphuric acid (the 3-auIphonic acid being 
formed), diluting, cooling, and adding nitric acid, 
p 1*4. It forms yellow needles, m.p. 141°, and 
explodes when heated above its melting-point. 
The sodium and potassium salt both explode 
violently at 180-190° but the ammonium, barium, 
and had salts do not (Schroeter, l.c., p. 142). The 
methyl ether has m.p. 80'5°. 

&v-l-Amino-2-tetralol, m.p. 148°, was obtained 
by Schroeter Q.c., p. 99) by reduction of nr-l- 
benzeneazo-2-tetralol, and also by domothy- 
lating its methyl ether, m.p. 64°, which was 
obtained by reduction of l-amino-2-methoxy- 
naphthalene with sodium and amyl alcohol. 
The aminotetralol forms a cyclic urethane, m.p. 
189-190°. 

aT-3- Amino .2-tetralol, m.p. 202°, was obtained 
by Schroeter from l-bromo-3-amino-2-totralol, 

m. p. 127°, which was prepared by reduction 
of l-bromo-3-nitro-2-tetralol {v. supra). The 
cyclic urethane has m.p. 196°. 

ar-i-Amino-2-tetralol, m.p. 177°, is obtained 
via its acetyl derivative, m.p. 222°, from 4- 
acetamidotetrahydro-jS-naphthylamine. 

By reduction of ar-l:3-dinitro-2-totralol, 
Schroeter obtained l-nitro.3-amino-2-telrahl, 
copper-coloured needles, m.p. 127°, and 1:3- 
diamino.2-tetralol, colourless leaflets, m.p. 214- 
216° (decomp.) (l.c.). ar-l-Nitro.3-amino-2- 
melhoxytetralin has m.p. 117°. 

For heteronuclear aminotetralols, see p. 425c. 

ar-2-Tetralol can be carboxylated directly by 
heating in the form of alkali-metal derivative 
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with carbon dioxide under pressure. According 
to Totralin G.m.b.H. (G.P. 357663) the potas- 
sium derivative is heated at 100° for 6—0 hours 
\vith carbon dioxide under 10 atm. pressurtf. 
The product, according to Schroeter, is 2- 
hydroxy - 6:6:7:8 - tctrahydronaphthalene - 3 - car- 
boxylic acid, white needles, m.p. 177-178°, and 
this constitution has been confirmed by Robin- 
son and Wallmr (J.C.S. 1935, 1631). The methyl 
ester has m.p. 42°; ethyl ester, b.p. 179°/13 mm. ; 
azide, m.p. 99-100°; anilide, m.p. 18^184°. 
The I.G. state that 2 : 3 -h 5 'droxj’nnphthoic acid 
and anilide can both bo hydrogenated catalyt- 
ically to the ar.2-totraloI-3-carboxylic acid and 
anih'do respectively (B.P. 408375), and according 
te Arnold, Zaugg, and Spnmg (J. Amer. Cliem. 
Soc. 1941, 68, 1314), ethyl 2:3-hydrox^nph- 
thoate can bo similarly hydrogenated in the 
presence of Raney nickel to give a 94% yield 
of ethyl ar-2-tctralol-3-carboxylatc, b.p. 155-161°/4 
mm. They give the melting-point of the free 
acid ns 180-182°. ar -2- Mcthoxylclralin-3-car - 
boxylie acid has m.p. 113-114°. 

ar-l-NitTO-2-tctralol-3-carhoxylie acid forms yel- 
low needles, m.p. 200-202°; it is reduced by' 
hydrogen-nickel to \-amino -2 -teiralol -3 -car- 
boxylic acid, m.p. 208-210°; diacclyl derivative, 
m.p. 180-181° (Schroeter, l.c.). 

aT-2-Tctralol-l-carboxylic acid, m.p. 174-176°, 
was obtained by Arnold, Zaugg, and Sprung 
(l.c.) by oxidation of the corresponding alde- 
hyde ; the methoxy acid has m.p. 148-160°. 

ar - Dihydroxytetralins, etc. — 1:2-Z)i- 
hydroxy-5:G:7:B.tctrahydronaphthalcnc has m.p. 
69-70° (diacclatc, m.p. 96-97°); it is obtained 
by dcsidphonation of the 3-sulphonic acid, 
ar - 1:3 • Dihydroxytetralin, obtained by acid 
hydrolysis- of the l:3-diamino at 270-290°, has 
m.p. 122° (diacclatc, m.p. 39—10°; dimethyl 
ether, m.p. 3S'6-39-6°) (Schroeter et al., Ber. 
1938, 71 [B], 1040). 

aT-l’.i-Dihydroxytetral\n, m.p. 185°, is ob- 
tained by catalytic reduction of 6:8-diliydroxy- 
l:4-dihydronaphthnlcnc, and its diacetalc, m.p. 
186-187°, by hydrogenation of the corresponding 
diacctatc. aT-l:2:i-Tr{acctoxylctraU7i, has m.p. 
142-143° (Diels, Alder, and Stein, ibid., 1929, 
62 [B], 2337). 

ar-2:3- Dimethoxytetralin, m.p. 53°, when 
nitrated forms a compound, m.p. 92-93° (de- 
comp.), to which the annexed formula has been 
assigned. 



By treatment with boiling alcohol followed by 
methylation it gives ar -1 -nitro -2:3 -dimethoxy- 
tetralin, m.p. 88-89° (Lewis and R. Robinson, 
J.C.S. 1934, 1263). 

ac- Tetrahydro*a-naphthol (l-hydroxy- 
l:2:3:4-totrahydronaphthalouo), an oil, b.p. 
132-134°/12-13 mm., 1-09S0, L6671, can 

bo obtained by reducing ac- l-kototetralin with 
sodium and absolute alcohol or sodium and 
moist other. Its phenylnrcthane, m.p. 121—122°, 
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decomposes when heated, giving ^^-dihydro- 
vaphthalem (Straus and Lemmel, Ber. 1921, 
54[B], 25), I 

ac-Tetrahydro-jS-naphthol is a colourless, 
viscid oil with an odour of sage, b.p. 264°/716 
mm., 144'6-145-6°/20 mm., p” 1-0715, m” 

1- 5523 ; pJienylurethave, m.p. 99°. It has the 
character of an alcohol, is insoluble in alkali, but 
forms a sodium derivative with sodium in ether. 
The phenylurethane, chloride, iodide, and acetate 
(fruity odour, b.p. 169°/34 mm., 268— 280°/atm,) 
aU tend to decompose when heated, giving 
dihydronapMhalene (Bamberger and Lodter, 
ibid. 1890, 23, 197 ; Straus and Rohrbacher, 
l.c,). a.o-2-Methoxytetralin, b.p. 123-124°/16 
mm., has been obtained by hydrogenating 2- 
methoxy-3:4-dihydronaphthalene in the presence 
of palladium. 

Many derivatives of ac-tetralols have been 
obtained from the two isomeric dihydro- 
naphthalenes by taking advantage of then- 
property of forming addition compounds at the 
reactive double bond of the partially hydro- 
genated ring, for example with bromine and 
with hypocMorous acid and hypobromous acid, 
etc. Pioneer work in this field was carried out 
by Bamberger and Lodter on d^-dihydro- 
naphthalene {ibid. 1893, 26, 1833 ; Annalen, 
1895, 288, 74) and by Straus and Rohrbacher 
on d^-dihydronapbthalene (Ber. 1921, 54 [E], 
40), and other workers have contributed. The 
following short summary indicates the com- 
pounds thus obtained. 

&o-2-Ohloro-l-hydroxytetralin, m.p. 92°, is 
obtained by the action of hjrpochlorous acid on 
A^-dihydronaphthalene. The corresponding ac- 

2- bromo-l-hydroxyletralin, m.p. 111-112°, is ob- 
tained by the action of water on ac-l:2-dibromo- 
tetralin, in which only the bromine in position 
1 is active ; treatment of the latter with methyl 
alcohol gives 2-bromo-l-methoxytetraUn, a liquid, 
b.p. 159°/17 mm. (TetraUn G.m.b.H., G.P. 
335477, 1919). s,c-2-Iodo-l-hydroxytetraKn has 
been prepared by Tiffeneau and Orekhoff, who 
state that, when oxidised with silver nitrate in 
ether, it is converted into hydrindene-2-aldehyde 
(Compt. rend. 1920, 170, 465). 

Several ethers and esters of 2-bromo-l- 
hydroxytetralin have been described and these 
by the action of ammonia, primary or secondary 
amines are converted into derivatives of ac-2- 
amino-l-hydroxytetralin which are said to have 
useful physiological, including hypnotic, proper- 
ties (see Straus and Rohrbacher, l.c.). Some of 
the compormds which have been described are 
given in the following table (c/. Tetralin 
G.m.b.H., G.P. 335476/7, 1919 ; von Braun and 
Kirschbaum, Ber. 1921, 54 [B], 697 ; 1922, 55, 
3648; von Braun and Weissbaoh, ibid. 1930, 
63 [B], 3052) : 

ac-2-ammo-l-hydroxytetralin m.p. 112°, 

ac-2-metliyIamlijo-l-hydroxytetralm b.p. 164-166°/ 

12-13 mm. 

oc-2-dimethylamino-l-hydroxytetraIin b.p. 157-158°/ 

10 mm. 

ac-2-dlethylamlno-l-liydroxytetralm b.p. 170°/10 

mm. 

ac-2-piperidIiio-l-hydro.xytetralin m.p. 72-73°. 
ac-2-dimethyIamlno-l-methoxytetraliii b.p. 147-149°/ 

13 mm. 

ac-2-methyIanuno-l-methoxytetralin b.p. 144-146°/ 

14 mm. 


ac-2-piperidino-l-methoxytetralln b.p. 191-193°/ 

15 mm. 

ffc-2-dimethylamino-l-ethoxytetral:ii b.p. 162°/13 

mm. 

«c-2-piperidmo-l-ethoxytetralm b.p. 170°/11 

mm. 

A series of compotuids isomeric with the 
above is obtained from d^-dihydronaphthalene. 
By the action of hypochlorous acid on this 
hydrocarbon its chlorohydrin is obtained, t.e., 
ac-2-chloro-2-hydroxytetralin, which forms silky 
needles, m.p. 117-6°, and sublimes at 100°; it is 
steam-volatile (Bamberger and Lodter, l.c . ; 
E. S. Cook and A. J. Hill, J. Amer. Chem. Soc. 
1940, 62, 1996). Its reaction with alkalis is 
complicated; the products differ according to 
the conditions used, and include A^-dihydro- 
ncipMhalme.-2-.i-oxide, ac-dihydro-^-naphthol, di- 
hydronaph{haleve'2:^- and -hS-glycols, p-tetralone, 
naphthalene, and p-naphthol. The acetate of the 
chlorohydrin has m.p. 47^ benzoate, m.p. 64-66°. 

6,c-2-Bromo-S-hydroxytetralin, m.p. 112°, is 
obtained by the action of hypobromous acid on 
A^-dihydronaphthalene (Leroux, Ann. Chim. 
1910, [viii], 21, 458 ; Gonzalez and Campoy, 
Anal. El's. Quim. 1922, 20, 634), and a comiiound, 
m.p. 106-165°, by the addition of hydrogen 
bromide to the 2:3-oxide (Bamberger and Lodter, 

l. c.). The iodohydrin has m.p. 120°. 

By the action of primary or secondary amines 
on ac-2-chloro-3-hydroxytetralin, or on the 
corresponding 2:3-oxide, derivatives of oc-2- 
amino-3-hydroxytetralin are obtained, ac-2- 
Amino-^-hydroxytetralin was obtained by Bam- 
berger, Lodter, and Deicke (Annalen, 1895, 
288, 116) from the product of the reaction of 
the chlorohydrin with phthalimide and subse- 
quent removal of phthalic acid by hydrolysis ; 
their product was an oil, giving a hydrochloride, 

m. p. 265° : Takeda and Kuroda (J. Pharm. Soc. 
Japan, 1921, 1), however, describe it as a BoUd, 
m.p. 107-108° ; hydrochloride, m.p. 215° ; they 
obtained it via the 2-imidooxazolidine, m.p. 168- 
159°, 



obtained by heating 2:3-dibromotetralin with 
carbamide. There is a good deal of discrepancy 
amongst the physical constants recorded by 
different authors for members of this series of 
compounds -. 

2-hydroxy-Z-methylaminoieiralin, m.p. 85° ; 
hydrochloride, m.p. 214° (Takeda and 
Kuroda) ; -S-dimelhylamino-, oil ; hydro- 
chloride, m.p. 224° (Takeda and Kurodo) ; 
b.p. 183°/27 mm., hydrochloride, m.p. 180- 
181° (Bamberger, Lodter, and Deicke) ; 
-^-diethylamino ; b.p. 202°/38 mm., hydro- 
chloride, m.p. 167-170° (Bamberger, 
Lodter, and Deicke) ; hydrochloride, m.p. 
168-170° (Cook and Hill); -Z-dibntyl- 
amino; b.p. 155-7°/3 mm. (Cook and 
HUl) ; -Z-piperidino-, m.p. 46-A8° (Bam- 
berger, Lodter, and Deicke) ; hydro- 
chloride, m.p. 235-237° (Cook and Hill). 
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The discrepancies may be due to the 
existence of stereoisomeric forms, which 
have not yet been characterised. Cook 
and Hill prepared the plienylurethanes, 
benzoates, 'p-nitro-, and p-amino-henzoates 
of their compounds, some of which had 
local anassthetic activity. 

Trimethylamine reacts with ac-2-chloro-3 
hydroxytetralin to give a,c-^-liydroxy-2-telTa- 
hydronaphthyUrimetliylammonivni chloride, m.p. 
243° (decomp.), resembling choline in properties ; 
the corresponding base is strongly alkaline 
(Bamberger, Lodter, and Deicke; cf. von 
Braim and Weissbach, Ber. 1930, 63 [B], 
3052). 

Dihydronaphthalene Glycols and 
Oxides. — By hydrolysis of ac-2-bromo-l -hydr- 
oxytetralin with aqueous alkali, Strauss and 
Rohrbacher obtained what they eonsider to bo 
the trans-form of ac-l:2-dihydroxytetraliv, m.p. 
112-113°; diacetate, m.p. 84°. The isomeric 
cts-form is obtained by careful oxidation of 
^i-dihydronaphthaleno vuth potassium per- 
manganate; it has m.p. 101 •6-102° and its 
diacetate m.p. 78-6-79-2°. A mixture of the 
stereoisomeric acetates is obtained when oc-l:2- 
dibromotetralin is treated with glacial acetic 
acid and potassium acetate. 

The glycol of zl"-dihydronaphthalcno, ac-2:3- 
dihydroxytetralin, is also known in at least two 
forms. One form, ci'j'stallising in silvery plates, 
m.p. 135°, is obtained by the action of potassium 
carbonate on the 2:3-dibroraototralin, by 
hydrolysis of the 2:3-oxide, and also from the 2:3- 
chlorohydrin. Lcroux ((.c.) considered this to 
be the cts-form, but Straus and Rohrbacher 
think it is the trans-form as it has the higher 
melting-point of the two. Its diacetate has m.p. 
109'5-110°, dibenzoate, 89-90° (Bamberger and 
Lodter, l.c.). Leroux, by treating ac-2:3- 
dibromotetralin with silver acetate in acetic 
acid solution obtained an acetate giving on 
hydrolysis a mixture of glycols from which ho 
separated (1) iiniBomericac-2:3-dihydroxytetrali7i, 
striated tablets m.p. 120°, giving a diacetale, 
m.p. 69°, dibenzoate, m.p. 126°, and (2) a sub- 
stance, m.p. 140°, which ho considered to bo a 
compound of the two glycols. On oxidation, 
these glycols give o-phenylenediacetic acid. 

ac-h3- Dihydroxytetralin is one of the products 
of the action of alkalis on the 2:3-chlorohydrin ; 
it has m.p. 49°, b.p. 175-1 78°/20 mm. 

The oxides of A^- and id"-dihydronaphthalono 
are analogous in their methods of formation 
and properties to ethylene oxide. A^-Dihydro- 
naphthalene oxide [l:2-epoxytetraliv), is formed 
quantitatively by the action of cold alcoholic 
potash on ac-2-bromo-l-hydroxj'tetralin, into 
which it is reconverted by hydrogen bromide. 
It is a mobile liquid with a naphthaleno-liko 
odour, b.p. 86-88°/l-2 mm., m.p. 20-21°, and 
polymerises readily, for instance when distilled 
in vacuo, to a colourless resin, being much less 
stable than the 2:3-oxide. It isomerises when 
treated with dry hydrogen chloride in a solvent 
to jS-tetralone, but not quantitatively. When 
hydrogenated it gives ao-tetrahydro-P-na 2 )hthol 
(Straus and Rohrbacher, l.c,). A"-Dihydronaph- 
tho/lene oxide {2i3-epoxytetTalin) is a dimorphous 


crystalline substance, m.p. 43‘6°, b.p. 257- 
259°/716 mm., volatile with steam (Bamberger 
and Lodter, l.c. ; Cook and Hill, l.c.). It is one 
of several products of the action of alkalis on 
the 2:3-chlorohydrin, and apparently undergoes 
isomerisation to ibrm l:2-dihydro-2-naphthol, 
which is another product of the reaction. Ac- 
cording to Cook and Hill, the best method of 
preparing the 2:3-oxide is by tho action of 
porbenzoic acid on ^"-dihydronaphthalcno in 
chloroform ; tho yield is 85%. 

Dekivattves of Mixed Aeomatic- 

ALICYOLIO CnARAOTER. 

By tho reduction to tctralin derivatives of 
hotoronuclear di-substituted naphthalenes, com- 
pounds of mixed aromatic-alicj'clic character 
are obtained. Thus Bamberger and Hosk^^ls• 
Abraball (Ber. 1889, 22, 943) reduced 1:5- 
naphthylcncdiaraino ^vith sodium and amyl 
alcohol, and obtained titrahydro-liS-naphthylcnc- 
diaminc, m.p. 77°, a strong base which darkens 
in air, and forms a crystalline carbonate, hj'dro- 
chloride, and sulphate ; the diacctyl derivative 
has m.p. 262°. With carbon disulphide in cold 
ether solution it forms a thiocarbamatc, m.p. 145°, 
which when boiled with alcohol loses hydrogen 
sulphide to give diamino-his-tctrahydronaphlbyl- 
thiocarbamidc, which sinters at 120°, m.p. 155°. 
One amino-group of tho tetrnh3-dro-l:5-ciinmino 
is dinzotisablo, and from it can bo prepared 5- 
amino-5:G:7:8-tctrah!/dro-}-7taphthol, an oil of 
sharp ammonical odour which absorbs carbon 
dioxide from the air ; hydrochloride, m.p. 220° ; 
diacctyl derivative, m.p. 151-15L5° (Bamberger 
and Bammann, ibid., p. 951). 

Reduction of 2:6- and 2:7-nnphlh3’loncdi- 
amincs with sodium and am}*! alcohol gives 
tclrahydro-2\G-naphthylcncdiaminc, m.p. 61° (di- 
acclyl, m.p. 240°) and lctrahydro-2i7-naphlhy- 
lencdiaminc, m.p. ca. 60° {diacctyl, m.p. 203°). 
Similar reduction of 2-nmino-7-nnphthol and 
of 2-amino-7-nicthoxj’nnphthnlono gives a mix- 
ture of the two possible tctrnhj’dro derivatives. 
The following arc described bv Windaus ct al. 
{ibid. 1924, 57 [B], 1731) : 

2- Amino-7 -hydroxy-l:2:3:4 ■ tetrahydronaphtha- 
lenc, m.p. 168-109°; picralc, m.j). 205°; 
acetyl, m.p. 195°; dibcnzoyl, m.p. 17-4°; 
G:8-dibromo derivative, m.p. 251° (de- 
comp.) ; a mononitro-, m.p. 230° (dccomp.), 
and G:8-dinilro- derivative, m.p. 243° 
(dccomp.). 

2 - Amhw-7-hydroxy-G:G:7:8-ictrahydroiiaphtha- 
lenc, m.p. 141-142°; picralc, m.p. 181°. 

2 -Amino-7 -mcthoxy-l:2-.2:4-ictrahydronaphtha ■ 
lenc, liquid; hydrochloride, m.p. 213°; 
picralc, docomp. 212°. 

2-Amino-7-methoxy-5-.G:7‘.8 - ictrahydronaphtha- 
Une, picralc, m.p. 183°; acetyl, m.p. 93°. 

2-Hydroxy - 7 - methoxy-l:2:3:i-tctrahydroitaph- 
Ihalcne, m.p. 71°, is prepared by hydro- 
genation of 2-hydroxj’--7-mothoxynaphthn- 
lone in tho presence of spongy platinum. 

Long and Burger obtained \-hydroxy-G- 
mcthoxy-\',2\3-.4-iclrahydronaphthalene by hydro- 
genating C-metho.\-y-l-tetralono ; it has b.p. 
109°/1 mm. ; a-naphthylurethanc, m.p. 131-133° 
(J. Org. Chem. 1941, 6, 852). 
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Alkyl Homolostjes of Tetealik. 

A few workers have studied the hydrogenation 
of alkylnaphthalenes, by which dihydro- and 
tetrahydro-alkylnaphthalenes are produced, and, 
in addition, alkyltetralins have been obtained 
by the following methods : 

1. Condensation of alkyl halides with tetralin. 

2. Eeduction of the keto-group of acyltetra- 

lins. 

3. Erom allryl-substituted a-tetralones by 

reduction or other operations. 

4. Cyclisation of hydroxy derivatives (al- 

cohols) of n-amylbenzene and their 
higher homologues. 

From the comparatively small amount of 
work which has been reported on the reduction 
of alkylnaphthalenes, it appears that hydro- 
generation of the imsubstituted ring pre- 
dominates. Thus, according to Vesely and 
Kapp, reduction of l-methylnaphthalene gives 
a mixture containing 10% 5:8-dihydro-, the 
rest being a mixture of 5:6- and 7:8-dihydro-l- 
inethylnaphthalenes ; 2-methylnaphthalene gave 
68% of 5:8-dihydro- and 42% of mixed 6:6- and 
7:8-dihydro derivatives (Coll. Czech. Chem. 
Comm. 1931, 3, 448). Schroeter found that 
when j9-methylnaphthalene is catalyticaUy 
hydrogenated the product is 6:6:7-8-tetrahydro- 
2-methylnaphthalene (Ber. 1921, 64 [B], 2242), 
an observation confirmed by Shreve and Lux 
(Ind. Eng. Chem. 1943, 35, 308), who used a 
Raney nickel catalyst in alcohol at 185°/1,200- 
1,740 lb. per sq. in., obtaining a mixture of ar- 
2-methyltetralin and 2-methyldecalin. L6vy 
obtained only 6:6:7:8-tetrahydro-2-ethylnaph- 
thalene by hydrogenation of 2-ethylnaphthalene 
in the presence of nickel prepared at 360° 
(Ann. Chim. 1938, [xi], 9, 5), but \mder other 
conditions the l:2:3:4-tetrahydro-compound may 
be formed. The hydrogenation of 2:3-dimethyI- 
naphthalene, using as catalyst active charcoal 
and ammonium molybdate with sulphur at 350°, 
was studied by Coulson (J.C.S. 1938, 1305); 
under these conditions the chief product was 
6:6:7 :8-tetrahydro-2;3-dimethylnaph.thalene, but 
some l:2:3:4-tetrahydro-compotmd was obtained 
(a mixture of cis- and irons-forms) and also some 
2:3-dimethyldecalin. 

When tetralin is alkylated with alkyl chlorides 
or bromides in the presence of aluminium 
chloride or bromide, the entering alkyl group 
takes up a ^-position, giving 2-alkyl-6:6:7:8- 
tetrahydronaphthalenes (Boedtker and Ram- 
bech. Bull. Soc. chim. 1924, [iv], 35, 631 ; 
Barbot, ibid. 1930, [iv], 47, 1314). Similarly 
with acyl chlorides, jS-acyl derivatives of tetralin 
are formed, giving on reduction cir-)3-alkyl- 
tetralins (Barbot, l.c.). Tetralin can also be 
alkylated by means of olefins in the presence of 
aluminium chloride (I.G., B.P. 266601 ; 273665 ; 
296990), and it can be condensed with butadiene 
(I.G., B.P. 316312). 

Several authors have synthesised alkyltetralins 
by reduction of corresponding alkyl-l-tetralones 
which are obtained by cychsing suitably sub- 
stituted y-phenylbut 3 rric acids (see tetralones). 
An additional alkyl group can be introduced by 
treating the tetralone with a Grignard reagent. 


dehydrating to form a dihydronaphthalene and 
finally hydrogenating ; thus 


CO 



CHjj 

R 



A modification of this process consists in 
treating methyl benzoylpropionate (I) with 
methyl magnesium iodide, to form a methyl 
carbinol (II) which is then dehydrated, reduced, 
and cyclised to a tetralone. Compound (III) is 




CH 

I 

Me 

HI. 

is again treated with a Grignard reagent and the 
resulting carbinol converted into a l:4-dialkyl- 
tetralin (see Kloetzel, J. Amer. Chem. Soc. 
1940, 62, 1708). With suitable modifications 
the method is capable of giving a wide variety 
of alkylated tetraUns. 

The cyclisation of alcohols derived firom n- 
amylbenzene by means of sulphuric and phos- 
phoric acids has been studied by Robhn, David- 
son, and Bogert, who showed that the same pro- 
duct, l-methyl-l:2:3:4-tetrahydronaphthalene, 
was obtained whatever the position of the 
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hydroxyl group in. the aliphatic chain (ibid. 
1935, 57, 151). By the same process, using 
alcohols derived from higher alkylbenzenes, 
other ac-l-alkyltetralins were synthesised. 

Methyltetralins and their Derivatives. 
— 3,c-l-Methylt^itralin (l-methyl-l:2:3:4-tetra- 
hydronaphthalene) is a liquid, b.p. 218-219° 
(Bogert, Eoblin, and Davidson, Z.c.). 

An interesting hydrocarbon, 1-meiliylcne- 
l:2:^:4L~tetrahydronaphthal6ne, 


CH„ 

II 

C 



was obtained by Schroeter by boiling uc-tctra- 
hydronaphthylene-1 -acetic acid, 

CioHioJCH-COoH, 

with dilute sulphuric acid. It has b.p. 103°/14 
mm., pf 0-9836 (Ber. 1925, 58 [B], 713). Jt is 
also obtained, along with l-methyl-3:4-dihydro- 
naphthalene, by dehydrating ac-l-hydroxy-1- 
methyl-l:2:3:4-tetrahydronaphthalcne, m.p. 88- 
89° (von Auwers, ibidi, p. 151 ; Annalon, 1918, 
415, 98). . h2-I)ihydroxy-l-tnMyl-l:2:3:4:-fctra- 
hydronaplithahne, m.p. 75-76°, is obtained by 
oxidising ac-l-methyldihydronaphthalcno. 

o.v-2- MelJiyUetralin has been prepared by the 
catalytic reduction of 2-methj’lnaphthaleno (v. 
snpra ) ; it has b.p. 220-222° (Schroeter), 224- 
226° (EfroUpfeiffer and Schafer, who obtained it 
from 7-methyM-tetraIone, Ber. 1923, 56 [B], 
620). 

ar-2-jrethyItetralin when sulphonated gives 
the 2-sulphonic acid (amide, m.p. 155°, Shrove 
and Lux, J. Amer. Chem. Soc. 1913, 35, 308) 
and when acetylated in the presence of 
aluminium chloride the 3-acctyl derivative, b.p. 
I66-I577II mm. (Karror and Epprecht, Helv. 
Chim. Acta, 1940, 23, 275). The sidphonic acid 
by caustic soda fusion gives ar-2-7ne//(y?-3- 
hydroxytetralin, m.p. 89°. 

ar-Tetrahydro-l-napldhylmethyiaminc is ob- 
tained, together with much tetralin, by reduction 


of ar-tetrahydro-a-naphthonitrilc with sodium 
and alcohol ; it has b.p. 149-162°/11 mm., acetyl, 
m.p. 125°, benzoyl, m.p. 144° (von Braun ct al., 
Bor. 1922, 55 [B], 1700). It is obtained (in 
90% yield) by reduction of a-naphthylmcthyl- 
amino with sodium and am}'! alcohol, and by 
catal5d.ic hydrogenation of nr-tetrahydro-a- 
naphthonitrilo in tetralin solution. The benzoyl 
dcri%’ntivc is converted by phosphorus penta- 
chlorido into aT-l-chloromcthyllctTalin, m.p. 50- 
51°, b.p. 144-145°/13 mm. (von Braun, Gruber, 
and Kirschbaum, ibid., p. 3664). 

aT-2-Amino-l-me(hyUe(ralin has been ob- 
tained by sodium-amyl alcohol reduction of 

1- mothyl-2-nnphthylnmino ; it has b.p. 170- 
176°/30 mm.; acetyl, m.p. 134°, benzoyl, m.p. 
222° (Mayer and Schnccko, ibid. 1923, 66 [B], 
1408). 

The isomeric ac-tctrahydro-a-naphtliylmclhyl- 
amine, b.p. 269-270°/722 mm. is formed when 
a-naphthonitrilo is reduced with sodium and 
alcohol; the benzoyl derivative has m.p. 126- 
126°; picratc, m.p. 170° (von Braun, Gruber, 
and ICirschbaun, i.c. ; Bamberger and Ix)dtcr, 
ibid. 1887, 20, 1702; Bamberger and Holwig, 
ibid. 1889, 22, 1912). It is a strong base. 

'aT-Tciraliydro-2-naphthylmctbylamine is ob- 
tained by similar methods to those described for 
the tctrnhj-dro-l-naphthj'lmcthylamino ; it has 
b.p. 146-148°/! 1 mm., benzoyl derivative, m.p. 
165°, picratc, m.p. 216° (von Braun ct ah, l.c.). 
ar ‘I- Amino • 2 • mcthylktralin, m.p. 16^161° 
(acetyl, m.p. 185-186°), was obtained by I’c.sely 
and Kapp bj* sodium-amyl alcohol reduction of 

2- moth3*l-a-naphthj-lnminc, and from it, in small 
jdeld, or-l-hydro.xj’-2-mcthyltctrnlin was pre- 
pared (Coll. Czech. Chem. Comm. 1931, 8, 448). 

ac~Tctrahydro-2-naphthylmcthtjlaminc is ob- 
tained, with by-products, when P-naphthonilrile 
is reduced with sodium and alcohol. It is a 
strongly basic liquid, b.p. 270-2°/729 mm.; 
acetyl derivative, m.p. 64-65°. hlanj- deriva- 
tives were described by Bamberger el al. (Ber. 
1887, 20, 1711 ; 1889, 22, 1912). 

Some higher alliylatcd tctralins which have 
been described in the literature aro listed in the 
following table, but it must bo remarked that 
not a few such compounds, and also alkyldi- 
hj'dronaphthalencs, have been prepared in the 


Table of Alkylated Tetkalins. 
(a) Alkyl Group in Hydrogenated Bing. 


l-.2;3-.4-Tetrahydro- 

B.p. 

Method of preparation. 


naphthalene. 

Bcferencc. 

1-Ethyl- 

237-238° 

Cyclisation of phonylnlkyl 

lloblin, Bavidson, and 



alcohols. 

Bogert, J. Amer. Chem. 

2-BthyI- 

235-235-5°/731 nun. 

Kcduction of tctralonc. 

Soc. 1935, 67, 161. 
lAvy, Ann. Chlm. 1038, 
0, 6. 

Itohlln, Davidson, and 

l-7!-Prop3'l- 

253° 

As for 1-etliyl. 

1-isoPropyl- 

247° 


Bogert, l.c. 

1;2-Diniethyl- 

235° 


1) 

2;2-Dimethyl- 

104°/12 mm. 

Synthesis from benzene and 

Clcmo and” Dickenson, 
J.C.S. 1037, 255. 
Sengiipta, .T. pr. Chem. 


123°/34 mm. 

dlmothylsucclnlc anhydride. 

tt 

2:2-Diethyl- 

110°/4 mm. 


1938, [61,161,82. 

l:l:4-Trimethyl- 

68°/0-2 mm. 

Synthesis. ” 

Klootzel, S. Amor. Chem. 


“ 


Soc. 1040, 62, 8405. 
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(&) Alkyl Group in Aromaiic Bing. 


5:6:7:8-Tetrahydro- 

naphthalene. 

M.p. or B.p. 

Method of preparation. 

Reference. 

2-Bthyl- 

2:3-Dimethyl- 

B.p. 245-246° 

239-239-57736 
121-122710 mm. 

M.p. 10° 

B.p. 244-246° 

B.p. 12877 mm. 

Reduction of the tetralone. 

Tetralin and EtBr. 

Synthesis from o-xylene. 

KroUpfeiffer and Schfifer, 
Ber. 1923, S8 [B], 620. 
Juivy, l.c. 

Barbot, Bull. Soo. chim. 

1930, [iv], 47, 1314. 
Coulson, J.C.S. 1938, 1305. 

Barnett and Saunders, 
ibid. 1933, 434. 

2-Metliyl-3-etliyI- 

B.p. 127-128711 mm. 

Acetylation of 2 - methyZ- 
tetralin. 

Karrer and Eppreoht, 
Helv. Chim. Acta, 1940, 
23, 275. 

1:4-Dlmethyl- 

B.p. 254°/760 mm. 

Synthesis from p-xylene. 

Barnett and Saunders, l.c. 

1:3-Dimethyl- 

B.p. 250-252° 

Reduction of the tetralone. 


2-isoPropyl- 

5» 

B.p. 124-126°/13 mm. 
B.p. 255°/760 mm. 

Tetralin and alkyl halide. 

” 

Boedtker ani Rambech, 
Bub. Soc. chim. 1924, 
[iv], 35, 631. 

2-fer{.-Butyl- 

B.p. 129°/11 mm. 


Barbot, l.c. 

if 

B.p. 265-5°/760 mm. 

>. 

Boedtker and Rambech, 
l.c. 

Mikeska and Cohen, J. 
Org.Chem. 1941,6, 792. 

2-Docosyl- 

(CH3-[CH2]2i). 

M.p. 43-45° 

Tetralin and behenyl chloride. 


(c) Alkyl Groups in both Aromatic and Hydrogenated Rings. 


l:2;3:4-Tetrahydro- 

naphthalene. 

M.p. or B.p. 

Method of preparation. 

Reference. 

2:6-Dlmethyl- 

M.p. 14-17° 

Hydrogenation of dimethyl- 

Coulson, J.C.S. 1935, 77. 

2: 7-Dimethyl- 

B.p. 237-239°. 

B.p. 237-238° 

naphthalene. 


2:5-Dimethyl- 

B.p. 110-111°/11 mm. 


Mayer and Schulte, Ber. 

1;6-Dimethyl- 


1922, 55 [B], 2164. 

2;2:7-Trimethyl- 

B.p. 128°/23 mm. 

Synthesis. 

Sengupta, l.c. 

l:l:2:6-Tetramethyl- 

B.p. 120-125°/10 mm. 

Bogert and Apfelbaum, 

(Irene) 


J. Amer. Chem. Soo. 
1938, 60, 930. 


course of researches directed towards other ends, 
such as the synthesis of alkylated naphthalenes, 
and of natural products such as sesquiterpenes 
and resins. 

The hydrogenated alkyltetralins are converted 
by heating with sulphur or selenium at a high 
temperature (200-300°) into alkylnaphthalenes. 
When two alkyl groups are attached to one 
carbon atom in the tetralin, one of these is lost 
during dehydrogenation, although it is to be 
noted that Sengupta fmmd it necessary to heat 
2:2-dimethyl-l:2:3:4-tetrahydronaphthalene in a 
sealed tube at 300-320° to obtain 2-methyl- 
naphthalene from it. Kloetzel described 1:1:4- 
trimethyltetralin as having a pungent cam- 
phoraceous odour ; by dehydrogenation he 
obtained l-.i-dimethylnaphihalene. 

Darzens and Levy synthesised 4-methyl- 
1:2:3;4 - tetrahydronaphthalene - 1- carboxylic acid, 
m.p. 87°, and found that when dehydrogenated 
by sulphur or selenium it lost the carboxyl group 
giving 1-methylnaphthalene (Compt. rend. 1934, 
199, 1133). 

Coulson (Z.c.) studied the sulphonation of ar- 
2:3-dimethyl- and 2:6- and 2:7-dimethyl- 
tetralins and obtained the following compounds : 

aT-2:3-Dimethyltetralin-l-sulpho7iic acid ; 
amide, m.p. 135°. 

&T-2-.Q-Dimethyltetralin-'l-sulphonaniide, 
m.p. 166-167°. 

ar-2:l-Dimethyltetralin.Q-sulphonamide, 
m.p. 145-6°. 


The following compounds were also prepared : 

aT-3:7 -Dimethyltetrahydro-P-naphthol, 
m.p. 116°. 

a,T-3-.3-Dimelhyltetrahydro-P-naphthol, 
m.p. 87°. 

ar-2:6- Dimethyltetralin-7 -carboxylic acid, 
m.p. 183°. 

B,v-2:l.Dimethyltetralin-Q-carhoxylic acid, 
m.p. 187°. 

6- and 7 -Methoxy-2-ethyl-l:2:3:d.tetrahydro- 
naphthalene were prepared by L6vy by a S 3 m- 
thetic method (Ann. Chim. 193^, [xi], 9, 6). 

The benzo-A^®i^^)-nor-p-menthene of Kay and 
Morton (J.C.S. 1914, 105, 1565) is ac-l-iso- 
propenylletralin, a liquid with a pronounced 
odour of cedrene, b.p. 259-261°/745 mm. 

Tetbamn Aldehydes. 

The two or-tetralin aldehydes have been 
prepared by oxidising ar-\- and -2-methyltetra- 
lins with chromyl chloride in carbon distdphide 
solution (Fleischer and Feldmeier, Ber. 1922, 
55 [B], 3290), and by oxidising the corresponding 
ar-tetrylcarbinols with dichromate in sul- 
phuric acid (von Braun et al., ibid., p. 1700) ; 
and the jS-aldehyde by oxidising the chloro- 
methyl compound (I.G., B.P. 353260). 

ar-Tetrahydro-a-naphthaldehyde is an 
odourless liquid, b.p. 131-133°/12 mm. j semi- 
carbaeone, m.p. 187° (von Braun). 

ar-Tetrahydro-)S-naphthaldehyde has an 
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odour of peppermint, b.p. 138°/14 mm. (von 
Bratm) ; 142-143°/11 mm. ; semicarbazone, m.p. 
222-223“’ (I.G., B.P. 353260). 

The Keimer-Tiemann reaction on ar-j3-tetralol 
(Woodward, J. Amer. Chem. Soc. 1940, 62, 1208) 
and also the action of anhydrous hydrogen 
cyanide and hydrogen chloride in presence of 
zinc chloride (Thoms and Kross, Arch. Pharm. 
1927, 265, 330) give an aldehyde, shown by 
Arnold, Zaugg, and Sprung (J. Amer. Chem. 
Soc. 1941, 63, 1314) to be ar-2-hijdroxyfetra- 
hydro-l-naphthaJdehyde, m.p. 86-87 (the earlier 
authors gave 80-82°), oxime, m.p. 160°, phenyl- 
hydrazone, m.p. 180°. aT~2-Hydroxyi€lrahydro- 
S-naphthaldehyde, made by Arnold ct ah, by 
catalytic reduction of 2-acetoxy-3-naphthoyl 
chloride, has m.p. 56-57°; oxime, m.p. 105-6- 
106-5°. 

Teteahydeokavhthoio Acids. 

When a- and ^-naphthoic acids or their sodium 
salts are reduced with sodium and alcohol they 
undergo hydrogenation in the ring canying the 
carboxyl group, forming successively oc-dihydro- 
and -tetrahydro-naphthoic acids. A labile 
dihydro-acid is first formed, and tins can be 
changed to a stable form by heat or, more 
quicldi’’, by boiling in alkaline solution (c/. 1:4- 
and l:2-dihydronaphthalenes). IVhen catalytic 
hydrogenation is applied to the naphthoic acids, 
however, using a nickel catalyst, according to 
Ipatiew the a-acid loses its carboxyl group and 
forms tetralin, whilst the )3-acld gives mainly 
ar-tetrahydro-)9-nnphthoic acid which by further 
treatment gives dccahn and decahydro-^- 
naphthoic acid (Ber. 1909, 42, 2100). When 
ethyl a-naphthoate is reduced with sodium and 
alcohol the carboxyl group is attacked and 
methyldihydronaphthalene formed (do Pom- 
mereau, Compt. rend. 1921, 172, 1503). Reduc- 
tion of the a-carboxyl group was also observed 
by Willstatter and Jaquet when hydrogenating 
naphthalic anhydride in presence of platinum, 
two of the products being tetrahydro-l-methyl- 
naphthalene-8-carhoxylic acid, m.p. 160°, and 
decahydroacenaphthene (Ber. 1918, 51, 767, 
774). 

Both a- and ^-naphthonitrUes when hydro- 
genated in presence of nickel compounds give 
only naphthyhnethylamines, the nucleus not 
being attacked (von Braim, Blessing, and Zobel, 
ibid. 1923, 56 [B], 1988). 

ar-Tetrahydro-a-naphthoic Acid, m.p. 
150°, was obtained by hydrolysing with fuming 
hydrochloric acid s-T-ielrahydro-a-naphthonitrilc, 
m.p. 48°, which was prepared from ar-tetra- 
hydro-a-naphthylamine (von Braun, ibid. 1922, 
55 [B], 1700). The product prepared simUarl 5 ’^ 
by Bamberger and Bordt {ibid. 1889, 22, 625) 
was presumably impure. 

ar-Tetrahydro-f-naphthoic Acid, m.p. 
151°, was obtained by von Braun by oxidation 
of the )S-aldehyde with potassium permanganate 
(l.c.) and also (m.p. 152—153°) as sole product 
of the reaction between tetralin and oxalyl 
chloride in the presence of aluminium chloride 
(von Braim, Kirschbaum. and Schuhmann, ibid. 
1920, 53 [B], 1155). Newman and Zahm (J. 
^er. ^em. Soc. 1943, 65, 1097) give the m.p. 
154-155°; methyl ester, b.p. 149-130°/4 mm. 


It is further hydrogenated by sodium and amyl 
alcohol to decahydro-P-vaphthoic acid, m.p. 79 . 
ax-Tetrahydro-P-vaphthoyl chloride is an oil, b.p. 
162°/13 mm.; amide, m.p. 137-138°. ar- 
Te(raliydro-P-naphlJioni(nle has m.p. 20-21 , 
b.p. 151-152°/! 1 mm. 

ao-Tetrahydro-a-naphthoic Acid. — ^The 
reduction of a- and j3-naphthoic acids by sodium 
amalgam and sodium and alcohol was studied 
by von Sowinski (Ber. 1891, 24, 2354) and by 
Bacyer (Annnlen, 1891, 266, 109) who showed 
that the former’s products were not completely 
purified. Reduction of sodium a-nnphthoate in 
aqueous solution with sodium amalgam in a 
current of carbon dioxide gives as main product 
a labile dilij-drO'/S-naphthoic acid, probably 
\'.4-dihydro-2-naphthoic acid, m.p. 91°. which 
forms a dibromidc {ac-dibromotetrahydro-P-naph- 
thoic acid), m.p. 132°. The labile acid -^vhen 
boiled with sodium hydroxide is converted into 
a stable acid, 'dvl-dikydro-l-naphthoic acid (con- 
stitution confirmed by Kay and Morton, J.C.S. 
1914, 105, 1565), m.p. 125°, giving nc-l;2-rfi- 
bromotctTahydro-2-vaphthoic acid, m.p. 152°. 

ac-Tetrahydro-a-naphthoic acid is formed by 
further reduction of the dihydro acids or of o- 
naphthoic acid with sodium and amyl alcohol, 
or best by reducing a-naphthoic acid in absolute 
alcohol with five times the theoretical amount of 
sodium, the crude product being purified by 
careful oxidation with cold permanganate in 
sodium carbonate solution to remove dihydro 
acid (Kay and Morton, l.c.). It has m.p. 85°; 
amide, m.p. 116°, ethyl ester, b.p. 279°/747 mm. 
Wien brominated, the cth 3 ’l ester forms ethyl 
ac-l-bromoteJTalin-i~naphthoaic, Ji.p. 20S°/20 
mm. (dccomp.), which is converted b^* boiling 
diothylanilinc (removal of hydrogen bromide) to 
ethyl 2:4-dihydro-\-naphthoa'te, b.p. 300-310°/756 
mm. Kay and Morton used this compound for 
synthesising compounds of the benzoterpeno 
series. 

ac-Tetrahydro-jS-naphthoic Acid, formed 
by reduction of /?-naphthoic acid with sodium 
and amj’l alcohol, has m.p. 96° (Bacyer, l.c.). 

Mcnlhyl esters of oc-o- and ac-jS-tctraln'dro- 
naphthoic acids are described by Rupo and 
Muntcr (Annalcn, 1910, 373, 122). 

1 - Amino - 5:6:7:8-tetrahydro-S-naphthoic 
Acid, m.p. 150-161° tdccomp.). is obtained bj- 
reduction of naphthastj-ril with sodium amalgam 
in alkaline solution. It docs not form a lactam, 
but with acetic acid gives acctyltdrahydronaph- 
thaslyril, m.p. 103-104°, ns well as l-acctamido- 
5:G:l:S-tclrahydro-S-7wphtho{c acid, m.p. 181- 
182° (Schrocter and Rbsslcr, Ber. 1902, 35, 4222). 

TETRAnYDEONAPnTIIALDKEDICARBOXYLIO 

Acids. 

ac-Tetrahydronaphthalene - 2:3 - dicar- 
boxyli c Acid was obtained byBnojmr and Pcrldn 
by a synthetic method {ibid. 1884, 17, 448; 
J.C.S. 1888, 53, 11, 20) and by R. D. Haworth 
and Slinger by reduction of'nnphthnlene-2:3- 
dicarboxylic acid {ibid. 1940, 1321). The lat er 
authors converted their product into anhydride 

the action of acetyl chloride and separated 
this into cis- and trans-iovms, from which the^' 
prepared acids and esters. From their work it 
appeared that the synthetic product of Bacyer 
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and Perkin was tke cis-form. cis-^LC-Telrahydro- 
nap7tthalene-2:3-dicarboxyl{c acid has m.p. 194— 
195°, anhydride, m.p. 183°, methyl ester, m.p. 
68-68-5° ; the trans-acid has m.p. 226-227°, 
anhydride, m.p. 225-226°, methyl ester, m.p. 
44-5-45-0°. The cis-acid was separated into 
d- and i-forms through their strychnine salts ; 
the rotations of the acids in cMoroform are 
Mn ° +85-5° and —85° respectively. 

Tetrahydronaphthalene-l:8-dicarboxylic 
Acid is obtained by hydrogenating naph- 
thalic acid, its salts, anhydride or ester but, 
as stated above, other products are formed 
according to the conditions (see p. 429a). 
Casares and Eanedo (Anal. Eis. Quim. 1922, 20, 
519) state that methyl and ethyl naphthalates 
are more readily reduced than the parent acid. 
Zengalis (Ber. 1894, 27, 2694) used red phos- 
phorus and hydriodic acid to reduce naphthalic 
acid-to the tetrahydro-acid. Sodium naphtha- 
late can be hydrogenated to the tetrahydro 
derivative in the presence of a nickel catalyst 
at 200° (Schering-Kahlbaum A.-G., B.P. 
353373). Tetrahydronaphlhalene-l:8-dicarboxylic 
acid has m.p. 196° ; anhydride, m.p. 119-5° (does 
not form an imide) ; methyl ester, m.p. 74° ; 
ethyl ester, m.p. 52°; ethyl hydrogen ester, m.p. 
48°. 

Tetrahydronaphthalene-l:5-di carboxylic 
Acid has m.p. 237-5-238-5° ; the methyl and 
ethyl esters are liquids (Moro, Gazzetta, 1896, 
26, i, 89). 

ao - Tetrahydronaphthalene - 1:2 - dicar- 
boxylic Acid has m.p. 173° (slow heating), 
193° (rapid heating) ; anhydride, m.p. 66-67° 
(Auwers and MoUer, J. pr. Chem. 1925, [ii], 109, 
124). 

Tetealones. 

Corresponding -with a- and ^-tetralols, which 
are secondary alcohols, are the ketones, a- and 
jS-tetralones or a- and ^-ketotetralins. These 



a-tetralone. jS-tetralone. 

compounds have at present no technical im- 
portance, but a-tetralone and its substitution 
products are of considerable interest as synthetic 
intermediates, for example in researches on the 
synthesis of substances related to sterols and 
sex hormones. jS-Tetralone is much less stable 
than the a-ketone. 

a-Tetralone. — This compound has been 
obtained by several different processes. It was 
first prepared synthetically by the action of 
aluminium chloride on y-phenylbut 3 Tyl chloride 
by Kipping and HiU (J.C S. 1899, 75, 144) and 
later it was shoivn by Krollpfeiffer and Schafer 
(Ber. 1923, 56 [B], 620) that 7 '-phenylbut 5 Tic 
acid can be oychsed to a-tetralone in con- 
centrated sulphuric acid at 100°. Schroeter 
obtained a-tetralone by oxidising tetralin 
with chromic acid in dilute acetic acid (G.B. 
346948) and it is formed in small amount. 


together -with ar-tetrahydro-a-naphthol and 
tetralin, in the catalytic hydrogenation of a- 
naphthol (Schroeter, Annalen, 1922, 426, 88; 
G.P. 352720). It can also he obtained by 
oxidising the bromohydrin of l:2-dihydro- 
naphthalene with sodium dichromate and sul- 
phuric acid to 2-bromo-l-tetralone, m.p. 40°, 
b.p. 144°/0-5-l-0mm. (see Straus etal., Annalen, 
1925, 444, 165) ; (oxime, m.p. 136-5-137°), and 
reducing this -with zinc dust and alcohol (Straus 
and Rohrbacher, Ber. 1921, 54 [B], 40). 

a-Tetralone is a steam-volatile, colourless, 
mohOe oil -with an odour resembling camphor 
when cold and peppermint when warm, b.p. 
131-133°/13 mm., 257°/760 mm., 1-095, 
1-570. It forms a semicarbazone, m.p. 
217-220°, phenylhydrazone (unstable), m.p. 84^- 
85°, p-bromophenylhydrazojie, m.p. 117-118° ; 
oxime, m.p. 103°. According to Inoue, the oxime 
of the ketone obtained by catalytic reduction of 
a-naphthol is separable into two isomers, m.p. 
88-89° and 102-103°, respectively (J. Chem. Ind. 
Japan, 1923, 26, 1335). 

Reactions and Derivatives. — a-Tetralone shows 
the general reactivity of a ketone. It can be 
reduced to a-tetralol -with sodium and alcohol, 
and to tetralin by the demmensen method. 
By heating -with sulphur (Darzens and Levy, 
Compt. rend. 1932, 194, 181) or selenium 
(Ruzicka, Helv. Chim. Acta, 1936, 19, 421) it is 
dehydrogenated to a-naphthol. The methylene 
group adjacent to the keto-group is active, and 
consequently a-tetralone reacts -with aldehydes. 
It forms a monobenzylidene derivative, m.p. 
206-207° (WaUach and Weissenbach, Annalen, 
1924, 437, 148), 2-cinna7nylidene-l-ieiralone, 
yellow, m.p. 132-134°, and a bis-terephthaldehyde 
derivative, m.p. (indefinite) 240-255° (Herzog 
and Kreidl, Ber. 1922, 55 [B], 3394) ; and con- 
denses s imil arly -with p-dialkylaminobenzalde- 
hydes (Shriner and Teeters, J. Amer. Chem. Soc. 
1938, 60, 936). With isatin-o-anil it condenses 
to give a blue dye of indigoid type, and behaves 
simUarly -with thionaphthenequinone-a-anil 
(Herzog and ELreidl, l.c.), but with isatin itself 
the reaction goes beyond the initial condensation 
stage and 5:Q-dihydro-a-naphthacridine-T-carb- 
oxylic acid is formed (von Braun and Wolff, 
Ber. 1922, 55 [B], 3675). 

The reaction between a-tetralone and ethyl 
oxaa'e furnishes ethyl a-tetralone-2-glyoxalate, 
m.p. 98°, whence ethyl a-tetralone-2-carboxylate 
(or 1 - hydroxy - 3:4 - dihydronaphthalene - 2 - 
carboxylate), m.p. 34°, is obtained (W. Hiickel 
and E. Goth, ibid. 1924, 57 [B], 1285). The 
farther condensation of this last compound -with 
esters of a-halogenated fatty acids, e.g., to give 
a-tetralone-2-aeetic acid, m.p. 109-110°, has been 
studied by Bergs (ibid. 1930, 63 [B], 1285). a- 
Tetralone reacts -with ethyl formate in the 
presence of sodium to give 2-hydroxymethylene- 
1-tetralone, b.p. 153-5-153/10 mm. (von Auwers 
and Weigand, J. pr. chem. 1932, [ii], 134, 82) 
and also reacts -with formaldehyde and dialkyl- 
amines to give 2-dialkylaminomethyl derivatives 
(Mannich et al.. Arch. Pharm. 1937, 275, 54). 
For the reaction between 2-bromo-l-tetralone 
and sodiomalonio esters, see Schroeter and 
Gluschke, B.P. 323187. Dane and her col- 
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laborators have studied the reaction between i 
6-niethoxy-l-tetralone and acetylaryl mag- 
nesium bromide to give G-mellioxy-l-vimjl-3-A- 
dihydronapMhalene (Annalen, 1937, 532, 39). 

By chlorination of a-tetralone a mono-, m.p. 
45°, and a di-cMoro-a-ieiralone, m.p. 76-76°, have 
been obtained (Tetralin G.m.b.H. and Rioben- 
sahm., 6.P. 377587). Schroeter obtained 6- 
cJdoro; m.p. 30-31°, and 1-cJiloro-l-tetralone by 
oxidising chlorinated tetralin. Nitration gives a 
mixture of 5-, m.p. 102-6°, and l-nilro-l-ictralo7ie, 
m.p. 106°, in the ratio 93:7 (Schroeter et al., 
Ber. 1930, 63 [BJ, 1308). 

The oximes of l-tetralone and of the above 
chloro- and nitro-tetralones undergo a peculiar 
change when warmed with acetic acid and 
acetic anhydride in the presence of hydrogen 
chloride, being transformed into a-naphthylammc 
or the corresponding chloro- or nUro-a-naphlhyl- 
amine. When, however, there is an 8 -sub- 
stituent in the tetralone oxime, a land of Beck- 
mann change ocem-s and a laclam of o-amino- 
phenylbidyric acid is formed (Schroeter, Z.c.). 

2-Hydroxy-l-tctralovc, m.p. 36-30'6 {acetate, 
m.p. 74'6-76°), obtained from 2-bromo-l- 
tetralone, is very unstable in alkaline solution, 
undergoing autoxidation in presence of oxj'gen 
to form successively [fi-}7iaphthaqiiinol, 3:4:3':4'- 
tetrahydroxy - 1:1' - dinaphthyl and 2 - hydroxy - 
[a-'\naphthaquinone (Strauss, Bcmoully, and 
Mautner, Armalen, 1925, 444, 166; c/. Weiss- 
berger and Schwarze, ibid. 1931, 487, 63). 
5-Hydroxy-, 8-hydroxy-, and 6-acetamido-l- 
tetralone have been obtained by cntalj’tic re- 
duction of l:6-dihydroxy-, l:8-dihydroxy-, and 
l:5-acetamidohydroxy-naphthalone respectively 
(Schroeter and Tetralin G.m.b.H., G.P. 362720, 
1920). Eor other a-tetralone derivatives, c/. 
von Braun (Annalen, 1926, 451, 49). 

A number of homologues of a-tetralono have 
been prepared, of which the following may bo 
quoted : 

2-Methyl-l-teiralone, b.p. 98°/3 mm. ; semi- 
carbazone, m.p. 199° ; obtained by methy- 
lating a-tetralone with sodamido and 
methyl iodide (English and Cavaglieri, 
J. Amer. Chem. Soc. 1943, 65, 1089). 

^-Mcthyl-l-telralone, b.p. 94-90°/0-3 mm. 
(Bachmann and Struve, ibid, 1940, 62, 
1618). 

i-Methyl-l-tetralone, b.p. 110-111°/! mm.; 
semicarbazone, m.p. 209-211°; 

2:4:-Dimethyl-l-tetralone, b.p. 112°/1 mm., 
odour of liquorice ; semicarbazone, m.p. 
218-220° (decomp.) ; 

ZA-Dimethyl-l-teiralone, b.p. 96-97°/0-3 mm. 
(Kloetzel, ibid. 1940, 62, 1708). 

2:3-I>imet}iyl-l-tetralone, m.p. —1°; b.p. 148- 
160°/17 mm. (Schroeter et al., Ber. 1918, 
51, 1602). 

'l-Methyl-l-tetralone, m.p. 32-6-33'6°; semi- 
carbazone, m.p. 224-226° ; 

1-Ethyll-t-etralone, b.p. 162-163°/12 mm.; 
semicarbazone, m.p. 223-226° ; 

5-.l-Dimethyl-l-teiralone, m.p. 49-60°; semi- 
carbazone, m.p. 234-236° (Krollpfeiffer 
arid Schafer, ibid. 1923, 56 [B], 620). 

5:8-Dimethyl-l-tetralone, m.p. 23° ; oxime, 
m.p. 143-144° (Schroeter et al,, ibid. 193o! 
63 [B], 1308). 
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/S-Tetralone.— This compound has been 
obtained by the following methods: (1) by 
heating l:4-dihydronaphthalone bromohydrin 
with magnesium carbonate or quinoline (Bam- 
berger and Lodter, Annalen, 1895, 288, 112) 
probably vi.i the 2:3-oxide; (2) by the action 
of dry hydrogen chloride on 3:4-dihydrouaph- 
thalone-l:2-oxido in light petroleum, by isomeric 
change (Straus and Rohrbachor, Ber. 1921, 64, 
[B], 40) ; (3) by heating ac-2-dimothylamino-l- 
tetralol methiodido slightly above its melting- 
point (von Braun, Braunsdorf, and Ivirschbaum, 
ibid. 1922, 55 [B], 3648) ; (4) by distiUing the 
calcium salt of o-phonylcneacetic-propionic acid 
(Einhom and Luinsdcn Annalen, 1895, 286, 275); 
(5) bj' hydrolysis of 3:4-dihydro-2-naphthyl- 
urcthanc, obtained bj' the Curtins reaction from 
3:4-dihydro-2-naphthoic acid (P. G. Crowley 
and R. Robinson, J.C.S. 1938, 2001) ; (G) by 
reducing 2-mcthoxynnphtliaIcnc to the 3:4- 
dihydro-compound with sodium and ethyl 
alcohol, followed by hydrolysis with dilute 
hydrochloric acid (Coniforth, Comforth, and 
R. Robinson, ibid. 1042, 689). 

Of these methods tho last is probably’ the most 
convenient laboratory method. The 3 "icld of 
^-tetralone was 60% and tho method is applicable 
to tho production of substituted ^-tctrnloncs. 

/3-Tetralono is a colourless, stcam-volntilo 
compoimd of agreeable odour, m.p. 18°, b.p, 
138°/16 mm. (Bamberger and lodter, l.c.), 
partially decomposed if distilled at ordinary 
pressure to naphthalene and water. It forms a 
bisulphite compound (unlike a-tetralone), oxime, 
m.p. 87*6-88°, phenylhydrazone, m.p. 107*5- 
108° (dccomp. bj^ light), semicarbazone, m.p. 
190-191°. In alkaline solution it undergoes 
rapid autoxidation, an indigo-blue colour 
developing. 

jS-Tctralone forms a dibcnzylidcnc derivative, 
m.p. 119-120° (Wallach and Weissonbom, 
Annalen, 1924, 437, 148). It can bo methj'latcd 
by means of metliyl iodide and sodium iso- 
propoxide in fsopropj’l alcohol to l-7i)cthyl-2- 
tetralone (Comforth, Comforth. and Robinson, 
l.c.). With diazomethano it gives, however, 2- 
mothy]cnototrah 3 *dronai)hthnlono oxide (Mosot- 
tig and Burger, J. Amcr. Chem, Soc. 1931, 53, 
2295). 

Tho following derivatives of 2-totralono were 
described by Comforth, Comforth, and Robin- 
son {l.c.): \-methyl-, b.p. 137-13S°/18 mm., 
semicarbazone, m.p. 200-202° (dccomp.) ; B-mcth- 
oxy-,h.-p. 120-122°/0*4 mm,; Q-methoxy-, m.p. 
36*6°; 5-mclhoxy-l-methyl-, seynicarbazonc, m.p. 
188--190°; b-methoxy-l:l-dimethyl-, m.p. 83-86°, 
semicarbazone, m.p. 102-194°. 

Highly chlorinated and brominated ^-totra- 
lones have been obtained bj* halogonation of 
2-hydro-\'y-3-naphthoic acid; l:l:3:3:4-pcnfa- 
chloro-P-lctralonc has m.p. 116°; l:l:3;3-/ctra- 
bromo-4-acetoxy-P-telralonc, m.p. 140° (Fries and 
Schimmelschmidt, Annalen, 1930, ^4, 246). 

ar-Tetrahydro-[a-]-naphthaquinone, yel- 
low needles, m.p. 66*6°, is a substance closely 
resembling benzoquinono, and is prepared in a 
similar manner. It was obtained by Bamberger 
and Lengfold (Ber. 1890, 23, 1131) by o.xidising 
I ar-tetrahydro-a-naphthylamino with chromic- 
! sulphuric acid; it is also formed by similar 
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oxidation of or-tetrahydro-4-liydroxy-l-naph- 
tli 3 damme (Jacobson and TumbuU, ibid. 1898, 
31, 898) or of ar-tetrahydro-l:4-naphthylene- 
diamine (Rowe and Green, J.C.S. 1918, 113, 961). 
The bis-chloroimide, CjqH j(,(:NCl) 2 , m.p. 68°, 
is obtained by tbe action of Meaohing powder on 
or-tetrahydro-l;4-naphthylenediamine in hydro- 
chloric acid solution (Bamberger, Annalen, 1890, 
257, 8). The quinone has also been obtained by 
electrolytic oxidation of ar-tetrahydro-a-naph- 
thylamine (Ono, Mem. CoU. Sci. Kyoto, 1922, 
5, 346). The mono-oxime of tetrahydro- 

[o-]naphthaqninone, m.p. 163°, is formed from 
tetrahydro-a-naphthol and nitrous acid ; and 
the monophenylhydrazone is identical with 4- 
benzeneazo-ar-tetrahydro-l-naphthol (Rowe and 
Levin, J.C.S. 1927, 630). The quinone is 
reduced by sulphurous acid to the corresponding 
quinol, which can be re-oxidised by potassium 
dichromate successively to the quinhydrone and 
the quinone. 

An isomeric tetrahydronaphthaquinone, 
namely, 6:8:9:10 telrahydro-[a-'\napMhaquinone, 


H O 



H O 


m.p. 68°, is obtained by reaction of benzoquinone 
with butadiene (Diels, Alder, and Stein, Ber. 
1929, 62 [B], 2337). 

Aoyl Derivatives of Tetbalut. 

It has already been stated that tetralin reacts 
wi.h acyl chlorides under Eriedel-Crafts con- 
ditions in the ;S-position of the aromatic ring. 
According to Hesse, tetrahn reacts slowly with 
acetyl chloride in carbon oisulphide in the 
presence of aluminium chloride, giving a 90% 
yield, pure after one distillation, of ar-j8-tetro- 
hydronaphthyl methyl ketone, a liquid, b.p. i82°/20 
mm., forming a semicarbazone, m.p. 234-236° 
(ibid. 1920, 53 [B], 1646). Barbot (Bvdl. Soc. 
chim. 1930, [iv], 47, 1314) gives m.p. 257-268° 
for the semicarbazone ; he also prepared ar-)3- 
tetrahydronaphlhyl ethyl ketone, h.p. 169°/17 mm. 
(semicarbazone, m.p. 224-225°), the n-propyl 
ketone, b.p. 178°/18 mm., and the isopropyl 
ketone, b.p. 163°/11 mm. The ketones can be 
dehydrogenated by heating with sulphur to d- 
naphthyl alkyl ketones ; according to von Braim, 
Hahn, and Seeman (Ber. 1922, 55 [B], 1687) they 
are dehydrogenated by heat alone at 680-700°. 
These authors used d-tetryl methyl ketone for 
the preparation of 2-d-t6trahydronaphthyl- 
quinoline by condensation with isatin (cf. E. 
Schering, Emde, and Ereund, G.P. 344027, 1920). 
jS-Tetryl methyl ketone undergoes the Mannich 
reaction with formaldehyde and dimethylamine 
hydrochloride (Mannich and Lammering Ber. 
1922, 55 [B], 3510). Tetralin also condenses 
with chloroacetyl chloride. 

Although tetralin undergoes decomposition 
when warmed with a small proportion (1-2%) of 
aluminium chloride at 50-70° (Schroeter et al., 
Ber. 1924, 57 [B], 19 jO), it can be condensed 
with phthalic anhydride in the presence of 


aluminium chloride in benzene at about 70° 
to give a quantitative yield of o-2-tefraloyl. 
benzoic acid, m.p. 153-166°. Under similar con- 
ditions 2-methylnaphthalene forms o-2-methyl- 
3-tetraloylbenzoic acid, m.p. 160° (Schroeter, 
ibid. 1921, 54 [B], 2242). For the formation of 
indandiones from tetralin and dialkylmalonyl 
chloride, see von Braun et al., ibid. 1920, 53 [B], 
1161 ; Fleischer and Siefert, ibid., p. 1265). 

HEXAHYDRONAPHTHALENES. 

Very little is definitely known about the 
hexahydronaphthalenes and it seems doubtful if 
one has yet been accurately characterised The 
so-called hexahydronaphthalenes obtained by 
early workers by reduction of naphthalene with 
hydriodic acid were certainly mixtures. Pre- 
parations of hexaUns have been made by 
removing halogen hydrides from dibromo- or 
dichloro-decahns, and by dehydrating octahn 
glycols. Leroux (Ann. Chim. 1910, [viii], 21, 
473) obtained a product which he considered 
to be hexahydronaphthalene by heating di- 
bromodeealin with quinoline but Morton and 
De Gouveia (J.C.S. 1934, 922) showed spectro- 
scopically that the product so obtained contains 
60% of tetralin and decalin. Borsche and 
Lange obtained hexahydronaphthalene, b.p. 
75-85°/16 mm., by heating dichlorodecalin, b.p. 
148-160°/15 mm., with aniline (Annalen, 1924, 
434, 219). Nametkin and Glagoleff (Ber. 1929, 
62 [B], 1670) dehydrated ri®:^®-octalin glycol by 
heating with dilute sulphuric acid at 150° and 
obtained hexahydronaphthalene as a liquid, 
b.p. 76-76°/8 mm. 

OCTAHYDRONAPHTHALENES 

(OCTALINS). 

According to current theory, six different 
octalins, CjoH^g, should exist, namely A^- and 
A^- (both in cis- and imns-forms), dK!*)- and d®-, 
thus : 



dbsj d^ 


In practice the octalins are generally prepared 
by dehydration of the a- or j8-decalols or their 
salts or esters and the product obtained is a 
mixture of isomers separable with some degree 
of difficidty. The A^ appears to be the most 
stable isomer and others tend to change into it 
under the conditions of their formation; the 
d** isomer is in fact formed in the course of the 
dehydration of jS-decalols, obviously through 
transformation of d^ or d^ isomers. It has also 
been shown that d^®) changes into d® by heating 
with toluene-p-sulphonic acid in methyl alcohol 
(HUckel and Naab, Annalen, 1933, 502, 136), 
and that trans-d^-octalin changes into d® when 
heated with phosphorus pentoxide (Linstead 
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et al., J.C.S, 1937, 1136). The identity of the 
different octalins has been established^ mainly 
on the evidence given by their oxidation pro- 
ducts. The octalins are generally characterised 
by their dibromides or nifcrosochlorides. It must 
be noted, however, that an octalin can form two 
or possibly three different stereo-isomeric decalin 
derivatives by addition, which may account for 
a certain amount of confusion in the literature. 

/I^-Octalin. — ^This octalin was obtained 
mixed with other isomers by Hiickel, Danneel, 
Schwarz, and Gercke (Annalen, 1929, 474, 121) 
by dehydrating cts-)3-decalol with zinc chloride, 
and was prepared in quantity by similarly 
dehydrating mixed j3-decalols at 180-195°. 
The mixed octalins so obtained were converted 
into nitrosochlorides, from which the blue 
crystalline nitrosochlorido of the zl®-octalin was 
separated and purified by reciystaUisition ; 
yield 25% of theory. Erom this the octalin was 
regenerated by boiling with sodium methoxidc 
in methyl alcohol. The yield from cis- is greater 
than that from fra7i5-^-decalols. 

A^-Octalin thus obtained has b.p. 194°/760 
mm., 79°/14 mm.; m.p. —34°; 0-9170; 

1-49963. It is characterised by forming n 
blue nitrosochloride, m.p. 92-5° (the blue colour, 
resembling copper sulphate, being given only 
by hydrocarbons having a double bond between 
two tertiary carbon atoms), and a dibromide, m.p. 
163-164°. J®-Octalin is also obtained by 
dehydrating cis- or <ra?!S-2-cycfopentylcyclo- 
pentanols (Zelinski, Tiz, and Fatejov, Bor. 
1926, 59 [B], 2680; Hiickel cf al, Annalen, 
1929, 477, 99) and by dehydrating l-JV-butonyl- 
cyclohexanol (Linstead et al., J.C.S. 1937, 1136). 

With ozone in light petroleum A •’-octalin gives 
a stable ozonide, m.p. 168° ; but in acetic acid 
solution it is oxidised by ozone to cyctodccano- 
l:6-dione and S-ketosebacic acid. With bcnzojd 
peroxide it forms an oxide, b.p. 82-83°/! 2 mm., 
which on hydration gives decalin-9:10-diol, 
probably a mixtiure of cis- and (rans-isomers since 
the melting-point of different fractions is 
between 84-5° and 92° (Hiickel et al., l.c.). 
Nametkin and Glagoleff (l.c.) gave the melting- 
point of the diol as 66-67°. 

By oxidising zl®-octalin -with chromic and 
acetic acid Hiickel and Naab obtained what they 
considered to be pure trans-decalin-^-.lO-diol, 
m.p. 96° (monoaceiate, m.p. 132°), whilst Criegee, 
using osmium tetroxide as oxidising agent, 
obtained what he considered to bo cis-decalin- 
Q:l0-diol, m.p. 89-5°, which depressed the 
melting-point of Hiickel’s product of bcnzojd 
peroxide oxidation (Annalen, 1936, 522, 93). 

The oxidation of zI®-octalin by selenium di- 
oxide was studied by Campbell and Harris 
(J. Amer. Chem. Soc. 1941, 63, 2721) ; in glacial 
acetic acid with 1 mol. of reagent, A°-l-octalyl 
acetate is formed, and with 2 mol., d®-l:6-di- 
hydroxyoclaltn diacetale, m.p. 122-123’; further 
oxidation of the former gives A^-octalin-l-one 
(semicarbazone, m.p. 241-242°) which Huckel 
and Naab had obtained by chromic acid oxida- 
tion of d^-octalin and considered to be Z®- 
octalone ; further oxidation of the diol diacetate 
gives A^-octaliv-li5-dione, m.p. 113-114°. 

When hydrogenated in the presence of 1 
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platinum black in acetic acid solution, A®- 
octalin gives a mixture of cis- and frans-dccalin 
in the ratio 2:1. 

Ai(®J-Octalin is obtained by thermal decom- 
position of the methyl xanthatc ester of irons- 
decahydro-a-naphthol, m.p. 63°, forming 80% 
of the octalin product, the other 20% being 
fra 7 is-A^*®’-octalin. It has b.p. 196-6— 198-6° and 
forms a bimolecular nitrosochloride, m.p. 127°. 
By ozonisation it gi%'es mainly y-2-l‘ciocyclo- 
hcxylbvlyric acid. 

2-Keto-l0-mcthyl-A^^^^-octalin(2:4:-dimtrophenyl- 
hydrazone, m.p. 169°) and 2-keto-8-incthyl-A'^^^^- 
octalin (2:4:-diniircphenylhydrazone, m.p. 172°) 
have been synthesised by R. Robinson, du Feu, 
and McQuillin (J.C.S. 1937, 53). 

A '-Octal ins. — ^Tho cis- and frans-forms of 
A '-octalin do not appear to have been accurately 
characterised. cts-A '-Octalin is present along 
with the A®-isomcr in the octalin obtained by 
dehydrating cis-^-dccalol by heating witii potas- 
sium hydrogen sulphate, and is formed by 
thermal decomposition of the racthj’l xanthato 
ester of cis-a-docalol, m.p. 93° (Htickel ct al., 

\ ll.c.). trons-A '-Octalin, may be formed, along 
with the A®-octalins, when mixed 2-chloro- 
decalins are heated with aniline (Borsche and 
Lange, Annalen, 1923, 434, 210). 

Tho synthesis of somo I:2-dial]cyl-A'-octah'ns 
has been described by Nesty and Jlai^-cl (J. 
Amer. Chem. Soc. 1937, 59, 2662). 

A*-Octalins. — cis-A "-Oclalin, b.p, 72-73°/16 
mm., is obtained from cis-2-chlorodccaUn 
(Borsche and Lange, l.c.) and is characterised by 
a dibromidc, m.p. 170°. 

trans-A ®-Octoi»n is obtained when trans-p- 
decalol, m.p. 76°, is dehydrated by heating with 
potassium hydrogen sulphate at 200° ; it has 
m.p. -24°, b.p. 190-192°, p'® 0-901, Tin L491, 
and forms a dibromidc, m.p. 85°. On oxidation 
it gives trans-cyclohoxaiicdmcotio acid. It was 
first prepared by Lcroux (Ann. Chim. 1910, 
[viii], 21, 458) and its identity was established 
by Borsche and Lange, and bj' Hvlckcl (l.c.) 
It is hydrogenated (platinum black in acetic 
acid) three times as fast ns A®-octnlin (Iliicko! 
et al., l.c.). 

An amino assumed to bo lO-nmiVio-A''®'- 
octalin, m.p. —11°, has been described by 
Huckel and Blohra (Annalen, 1933, 502, 114). 

DECAHYDRONAPHTHALENES 

(DECALINS). 

Tho formation of decalin by hydrogenation of 
naphthalene, its manufacture and tho properties 
of tho commercial product have already been 
described (p. 413c). 

Decalin (dccahydronaphthalcne, CjoHjg, 
exists in two stercoisoraoric forms, cis- and trans- 
(seo p. 414c) which differ appreciably in ph 3 ' 8 ical 
properties and in somo of thoir chemical proper- 
ties. Tho possibility of this land of isomorism 
of dccahydronaphthalono was deduced on 
theoretical grounds by Molir (J. pr. Chom. 1918 
[ii], 98, 321 ; Bor. 1922, 55 [B], 230) and tho 
existonco of tho two forms was first reported 
by W Hiickol (Nach. K. Gos. Wiss. Gottingen, 
W23, 43) who subsequently carried out most 
important work on tho isomeric forms of decalin 
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and its derivatives. The two forms of deoalin 
were obtained by fractional distillation of 
technical decalin, by reduction of the cis- and 
ira 7 w-jS-decalones by Clemmensen’s method and 
from cis- and trans-jS-decalols by dehydrating 
these to ootalins and reducing them catalytically. 
Which of the isomers has the cis- and which the 
trans-configuration was deduced partly on 
grounds of analogy with known cyclohexane 
derivatives (cis-forms generally have the higher 
boiling-point, density, and refractive index), and 
partly from their relationship to the cis- and 
trans-decalols and -decalones, for which there is 
independent chemical evidence of configuration 
(Huckel, Annalen, 1925, 441, 1). 

Decalin is a colourless, steam-volatile liquid 
with an odour of menthol. The physical 
constants, including most recent determinations, 
are as follows : 

M.p. : cis-, —45° ; trails-, —33° (Huckel, i6id. 
1938, 533, 25). 

M.p.: cis-, 43 -25° ; trans-, — 31'16° (Seyer and 
Leslie, J. Amer. Chem. Soc. 1942, 64, 
1912). 

B.p. : cis-, 193° ; trans-, 185° (Huckel, 1926, 

I.C.). 

B.p. : cis-, 194-6° ; trans-, 185-4° (Seyer and 
Leslie, Z.c.). 

Density : cis-, 0-893-0-898 ; trans-, 0-8709 
(Huckel, 1925 and 1938, ll.c.). 

Refractive index; cis-, 1-480-1-482; 
trans-, 1-4696-1-4713 (Huckel, ll.c.). 

Critical temp: cis-, 418-419°; trans-, 408- 
408-6° (Huckel, 1938, l.c.). 

Viscosity, in antipoises : cis-, 0°, 5-620 ; 10°, 
4-300; 20°, 3-381; 100°, 0-920; trans-, 
0°, 3-233; 10°, 2-588; 20°, 2-128; 100°, 
0-692 (Seyer and Leslie, l.c.). 

Mol. heats of combustion -. cis-, 1499-9 kg.- 
cal. ; trans-, 1496-9, kg.-cal. (Roth and 
Lasse, Annalen, 1925, 441, 48) ; trans-, 
1493-7 kg.-cal. (Hiickel, 1938, i.c.). 

It follows from the discovery of the two forms 
of deoalin in 1923 that the earlier work on decalin 
and its derivatives, especially that concerning 
physical constants, loses much of its value. 
References to earlier work will be found in 
Hiickel’s papers already quoted. It appears 
from results quoted by Willstatter and Seitz 
that the product of catalytic hydrogenation 
of naphthalene using platinum is almost pure 
cis-isomer (Ber. 1924, 57 [B], 683) although 
Huckel considered it to contain 10% of the 
frans-form. Linstead ef al. (J. Amer. Chem. 
Soc. 1942, 64, 1985) have offered a mechanical 
explanation for the observation that catalytic 
hydrogenation of polycyclic hydrocarbons at a 
low temperature gives cis-compoimds. Yet it 
is to be noted that Huckel obtained a mixture 
of cis- and irans-decalin (ratio 2:1) by hydro- 
genating A^-octalin using platinum black in 
acetic acid as catalyst (Annalen, 1929, 474, 
121). The dehydrogenation of decalin by 
platinxun on different carriers at 200-350° has 
been studied ^by Zelinski and Balandin (Z. 
physikal. Chem. 1927, 126, 267; Bull. Acad. 
Sci. U.R.S.S. 1929, 1, 29). 

Properties. — Decalin is comparatively stable 


towards oxidation but according to Castiglionl 
(Gazzetta, 1934, 64, 465) undergoes autoxidation 
in air in the presence of light, especially ultra- 
violet. Acid permanganate oxidises it to 
phthalic acid. Its oxidation by ozone has been 
studied by Durland and Adkins (J. Amer. 
Chem. Soc. 1939, 61, 430) ; the cis-form is more 
readily attacked than the trans-, giving 9- 
hydroxy -cis-decalin, some A^-oclalin, and a little 
cis-a-decalone. The irans-foim gave a 28% yield 
of Q-hydroxy-ttana-decalin, with d^-octalin and 
some trans-a-eZecalo»e. Oxidation of trans- 
decalin with selenium dioxide gives 2.3- (or 
1:2-) diketo-tr&ns-decalin, whilst Caro’s acid 
gives a peroxide, m.p. 174° (Rao and Kup- 
puswamy, J. Annamalai Univ. 1937, 7, 22). 

Since decalin is stable to cold concentrated 
sulphuric acid, and even to weak oleum, these 
reagents can be used to purify it from less 
saturated hydrocarbons such as tetralin. It is 
also insoluble in liquid sulphur dioxide, which 
can be used for the same purpose (Tetralin 
G.m.b.H., G.P. 310781). According to Pro- 
kopetz, when decalin is shaken with 20% oleum, 
the cis-isomer alone is oxidised, leaving the 
trans- unaffected (J. Appl. Chem. Russ. 1935, 
8, 1214). Chlorine attacks decalin in the cold 
forming chloro derivatives (v.i.) ; bromine is 
without action in the cold, but at higher 
temperatures has a dehydrogenating action, 
and bromonaphthalenes are formed (Leroux, 
Ann. Chim. 1910, [viii], 21, 460). Attack by 
bromine takes place very readily in the presence 
of aluminium bromide, and the curious result 
was observed by Zelinsky and Turova-PoUak 
(Ber. 1929, 62 [B], 1658) that, using the requisite 
proportion of bromine, cis- and Zraws-deoalin 
gave two different hexabronumaphthalenes, m.p. 
312° and 269° respectively. Since the former 
only is obtained by direct bromination of 
naphthalene, it cannot be assumed that de- 
hydrogenation of decalin precedes bromination. 
The same authors foimd that cis-, but not trans- 
decalin forms a molecular compound with 
aluminium bromide, and that this reagent 
changes the cis- into the trans-form, other 
hydrocarbons being formed at the same time 
{ibid. 1925, 58 [B], 1292). Amongst the hydro- 
carbons formed by the action of aluminium 
bromide and of aluminium chloride on decalin 
at 130° is an isomeric hydrocarbon, a dimethyl- 
0:3:3-bicycZooctane, 

CH3 CH3 


X 

/ 


in which the positions of the methyl groups are 
uncertain (J. Appl. Chem. Russia, 1934, 7, 763 ; 
Jones and Linstead, J.C.S. 1936, 616). 


CmoEODEOAiiiirs. 

Mono- and di-chlorodecalins, liquids, have 
been obtained by chlorinating decalin, but it is 
doubtful whether individual compounds have 
yet been isolated, except possibly the 2-chloro- 
cis-decalin, b.p. 110-112°/16 mm. obtained by 
Borsche and Lange from cis-^-decalol, m.p. 
104° ; individual compounds should, however, 
be obtainable now that all the isomeric decalols 



NAPHTHALENE. 


have been characterised by Huckel (see Leroux, 
Ann. Chim. 1910, [viii], 21, 460 ; Borsche and 
Lange, Annalen, 1923, 434, 219 ; Zelinsld and 
Gavedovskaja, Her. 1924, 57 [Bj, 2062; Gysin, 
Helv. Chim. Acta, 1926, 9, 69). 

BEOMODEOAIilNS. 

The chemistry of the brominated decalins is 
also in an incomplete state. They have been 
obtained from the octalins by addition of 
hydrogen bromide or bromine. A Q-bromo- 
decalin, m.p. 29-30°, was obtained by Clemo 
and Ormstori by the addition of hydrogen 
bromide at 0° to /l®-octaIin; its configuration, 
cis- or trans; is mxknown (J.C.S. 1932, 1778). 
A 9:10-dibromodecalin, m.p. 163-164°, is formed 
by addition of bromine to the same octalin 
(Huckel et al., Annalen, 1929, 474, 121). Leroux 
{l.c.) described a l:2-dibromodecalin, m.p. 143°. 
2:3-Dibromo-tTans-decalin, m.p. 86°, has been 
obtained by Leroux, by Borsche and Lange, and 
by Huckel ; the two bromine atoms are probably 
in cis-configuration. Leroux also described a 
second 2:3-dibromodecalin, m.p. 41°, which 
did not give a cis-glycol on hydrolysis (c/. 
Ganapathi, Ber. 1939, 72 [B], 1381). 

Nitbodeoalins. 

The nitration of decalin has been studied by 
Nametkin and Madaev-Sitschev (ibid. 1926, 
59 [B], 370) and by Hiickel and Blohm (Annalen, 
1933, 502, 114). The former used technical 
decalin which is nitrated by prolonged boiling 
with nitric acid, p 1'20, giving mainly 9-ni(ro- 
decalin, b.p. 9Q-9T12 mm., insoluble in alcoholic 
potassium hydroxide, a little l-nilrodecalin, 
b.p. 108-109°/14 mm., soluble, and some 9:10- 
dinitrodecalin, m.p. 164° (decomp.). Hiickel 
and Blohm studied the nitration of pure trans- 
decalin as well as a mixture of 65% cis- and 
35% trans-. The trans-isomer gave almost 
entirely 9-nitro-tra.ns-decalin, m.p. 24° ; the 
same isomer is the main product of nitrating 
the mixture, some Walden inversion occurring. 
The nitro-cis-decalin could not bo obtained pure, 
but pure 9-amine was obtained by reducing the 
impure material (v.i.). By reducing 9-nitro- 
Irans-deoalin with aluminium amalgam, 9- 
nitroso-tTSL-as-decalin, m.p. —16°, was obtained. 
It forms blue crystals (c/. d®-octalin nitroso- 
chloride), but also exists in a colourless bi- 
molecnlar form, m.p. 100°. 

Amino and Hydeoxy Deeivatives. 

Aminodecalins (decalylamines) wore first 
prepared by Leroux (Ann. Chim. 1910, [viii], 
21, 630) by reducing the oximes of a- and jS- 
decalones with sodium and alcohol. Ho obtained 
them as liquids of impleasant odour, having the 
properties of strong bases. /3-Naphthylamino 
can be reduced to decahydro-j3-naphthylamino 
by hy^ogen in the presence of nickel or nickel 
chromite using conditions ranging at first fi-om 
176-226°/1,000-2,000 lb. per sq. in. and subse- 
quently 260-300°/2,000-3,000 lb. per sq. in.; 
as a by-product di-decahydro-j3-naphthylamino 
is obtained (I.G.I., B.P. 606928 ; U.S.P. 
2127377). All detailed knowledge of a- and j8- 
decalylamines is due, however, to the work of 
W. Huckel and his school. 


Stereochemical considerations show that both 
cis- and <ra7ia-decalin should give rise to two 
different a-mono-substituted derivatives; thus 
there should bo four different a-decalylamines, 
each of which contains asymmetric carbon 
atoms and should be resolvable into optical 
isomers. Ignoring optical isomers for the 
present, four a-dccalylamincs, four fi-clecalyl- 
amincs, four a-dccalols, and four ^-docalols 
should bo possible. When, however, the amino- 
or hydroxyl-group is attached to the 9 (=10) 
carbon atom, only two isomers are possibel. 
These ’theoretical considerations hnvo been 
completely confirmed by Huckel. Ho has been 
able to correlate the amino derivatives with 
the corresponding hydroxy derivatives, but it 
has not yet been possible to establish the 
configuration of the pairs of compounds such 
as the two cis-a-decalylamines. For purposes 
of nomenclature these are designated cts-a- 
decal3’lamine-I and cfs-a-decalylamino-II, and 
so on. The complete series of decalylamines 
and dccalols are given in the following Tables 
(sec Hiickel, Annalen, 1938, 533, 1; Hiickel cl 
al., ibid. 1933, 502, 99) which include melting- 
points of cbaractoristic derivatives. 


a- AND jS-DECALYLAMINES. 


Designation, 

M.p. 

Benzoyl 

derivative, 

m.p. 

Acetyl 

derivative, 

m.p. 

cis-a-Amlnc-1 

8° 

200° 

181° 

cis-a-AmInc-lI 


103° 

141° 

Irans-a-Amlnc-l 

-18° 

112° 

130° 

Iraas-a-Amlnc-lI 

-1° 

105° 

182° 

cis-iS-Aininc-1 

14° 

204° 

1.53° 

cif-jS-Anilne-lI 

ca. 20° 

128° 

SS° 

lraas-)3-Amlnc-I 

-47° 

177° 

130’ 

Irans-^-Amlnc-ll 

15° 

170-177° 

103° 


a- AND j3-DEOAEOLS. 


Designation. 

M.p. 

Acid 

plitlmlato, 

m.p. 

Add 

succinate, 

m.p. 

cis-a-Dccaloi-I 

03° 

170° 

00° 

cis-a-Decalol-lI 

50° 

142° 

54° 

Iraaj-a-DccnloM 

40° 

121° 

107° 

trans-a-Decalol-II 

03° 

108° 

85° 

cis-j5-Decnlol-I 

105° 

110° 

81° 

«s-j5-Decnlol-II 

18°, 31° 

163° 

50° 

Iraas-fi-Dccnlol-l 

53° 

107-180° 

01° 

trans- fi-D ccaIol-1 1 

75° 

180° 

81° 


The amines and alcohols are obtained respec- 
tively by acid or alkaline reduction of the 
corresponding kotoximes and of. the ketones 
themselves (cis- and trans-a- and )9-decnlones, 
v.i). The products designated I arc obtained 
predominantly by reduction under acid con- 
ditions, those designated II imdcr alkaline con- 
ditions. In the a-series a uniform product is 
generally obtained by reduction under one or 
other set of conditions, but in the jS-sories a 
mixture of products is more often formed. 

It is interesting to note that by treatment with 
nitrous acid both amines I and II of the trans- 
series give decalols II, the former undergoing 
Walden inversion ; and whereas amines II give 
a quantitative yield of dccalol, amines I give 
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onlv 30?^ of decalol -sridi 70% of octalin. In t Tn m s f ormatioii of cJs-c-deealcil-I and fniu-::. 
the'c! '■-safes. hotrevcT. tie, S-amines and not the; decalcd-I to frans-c-decalol-II is said to occar 
c-amines nnderco Walden inversion and there ; -svhen the former are heated at abont 150' tnth 
is no lektion between occnrtence of inversion ' sodinm in rEviese. nsing slightly more than 


and production of oet alin . , 

cis-^-DrmJyrnm'ae I, ni-p. loh after carefb] j 
purification, has been lesolven into C- and /- ) 
forms thronch the d-caniphorsulphonate. The J 
d- and i-amins had m.p. Sd-cr, cerivatiTe. I 

m.p. f ‘15=, cceiyi, m.p. 17S= ; the nyfrocafondes i 
in water gave [c]^ * £:15-4= (Hhckel and Kuhn, 
Ber. 1937, 70 pjj. 2479). (For further infor- 
mation on the c- and _S-decaIyainines, scs 
Huchel ef ch. Annalen. 1925, 441, i : 1927, 451. 
109; 1933. 502. 99: Ber. 1941. 74 [B]. 57). 

The two 9-arainodecaJins have bs^ obtained 
by redcctioa of the 9-nitiodecalms ; Q-crr-.iar- 
trans-dtraiin has m.p. — 25=. occJy?, m.p. 1S3=, 
hrnroLl, m.p. 148-149=: 9-or:!RO-cis-decc:l5n, 
m.p. — 13=, corJyl, m.p. 127=. ceraoy?. m.p. 14T=. 
The latter was also ohtained oy reducing 9-j 
nitroso-lO-chlorodecalin (Huckd and Blohm. . 
Annalen. 1933. 502. 214). The O-amiuodecalins 
do not tmdergo inversion when treated with 
nitrous acid to form 9-decalo!s, hut much 
octalin is formed (ibid. 193S. 533. 1). 

c-Decalois. — The hydrogenation of c-naph- 
thoi tmdsr pressure in the presence of nickel 
otide (225-2S0=jl6S-172 atm.) was carried ont 
in 19‘17 by IpatieS (Ber. 1907. 40, 12S7) who 
ohtained a small vidd of decahydro-c-naphthol. 
m.p. o7-59=. Later Leroux found that c- 
naphthol could be hydrogenated with ciacuity 
to a decahydro-ccmpound in the vapour phase 
in the presence of reduced nickel : the reaction 
is carried out in two stages, the first at 170= and 
the second at 130= : the catalyst must be highly 
active, hut if too active it causes dehydration 
to octalin. Leroux's product had m.p. 62=. 
b.p. 109=/14 mm. ; both this and the material 
obtained by Ipatres must have been trans-c- 
dtcuJo’-IL 

According to English and CavaghsrL hydro- 
genatron of c-naphthol by Adkins method gives 
raainlv irans-c-decalol (J. Amer. Chem. Soc. 
1943. 65. 1055). 

The condhtons under which the isousetic 
c-decalols are formed are as follows. They can 
Is separated by Sractranation of their hydrogen 
phthalat^ hydrogen succinates, or p-nkro- 
benrenesulDhonates {su Huckel ei ci„ Annalen. ' 
1925. 441, 1 : 1930. 477. 150 ; 1933, 502. 99). 

cis-c-BsnrloI-L m.p. P3=. is formed almost 
exclusively Iw hydrogenating c,--c-tetra!oI in 
the ptesence of platinum and acetic acid, and in 
good yield, with, some {raas-c.-decalQl-L using 
colloidal platinum (Skita). Hydrcgenatiou of 
c-naphthol by the Skita msth^ mves a sr~.aH 
yield with much decalin and other products. 

ds-a-Bicalal-IL imp. 55=. is obtained fiom cis- 
c-decalyamme-IL 

trans-c-BscuJoJ-L m.p. 49=. is formed, as 
already indicated, by hydrogenating c-naphthoi 
under pressure with a nickel catalyst. At the i 


enomth sodium to form the alkoxide (Hucke! 
and Xaab. Ber. 1931. 64 [B]. 2137). 

^-Decalols. — When Leroux hydrogenated 
.S-naphthol as described for c-naphthcsh he 
obtained a decahydio derivative, m.p. 75=, b.p, 
23S= ; whilst IpatieE. by his method, obtained a 
product of peppermint-IikB odour, imp. 99-101=, 
which was later shown by blascarelli (Atd B. 
Acad. Lined, 1911. [vl. £0. iL 223; ifascareili 
and EecusanL Ganretta, 1912, 42, in 35) to be a 
mixture of two isomers, m.p. 75= and 105h 
That these were derived respectively fiom d>- 
and {rsns-decalin was shown by Huckd bv 
oxidising them to known deiivatives of cif- 
and '-■tras-ctniohexane and by estabhshinc their 
relation to as- and fnms-a-decaionesr The 
existence of the four isomeric .S-decs!ols was 
^ahlished by Huckel in 1926 (Annalen, 1927, 
451, 109). felinski and Turova-Poliak had 
isolated three ^-decalols mom technical decalol 
made by Poulenc Fieres, but Huckel isolated 
aH four isomers fiom a large sample of technical 
decalol (cf. J. D. Riedeh A--G.. GiP, 4S5715, 
1923 ; this firm has a patent. G.P. 465354, for 
hydrogenating cr-3-tetralol in the presence of 
nickel at 150= in tetraliu solution to ^S-decalol). 
According to HuckeL hydrogenatiQn of cc- or 
cr-S-tenralol in the presence of platinnm black 
and acetic add gives cis-^-decalol-I. m.p. 105= ; 
coHoidal platinum (Skita) produces decalra and 
a mixture of decalols containing much of the 
same isomer, some tians-3-dKcIol-IL m.p. 7o=, 
and more of cts-SdccsloI-li, m.p. 1S=. 

cis-S-B-iuloI-I. rmp. 105=, is obtained as 
stated above, also by sodium reduction of ds- 
S-decalous and Srom the css-S-amine-I (Hud:el 
cf cl , Annalen. 1925. 441. 1). It is practfcalfy 
odourless: its pte.aylurcf.tu.ac has imp. 1S4=. 

ds-d-D'Schl-U, m.p. 1S=. has an intense 
sweet smell. It is produced alo:ug with the 
other cjs-fortu by sodium reduction of css-S- 
decalone. Its n ts.-.yJ'j.’-dic.ae has rmp 102=. 

trans-S-B-crieJ-L m.p. 53=. is formed, along 
with the other fri3'.’"s-iiC'mer bv hydrecenatiou 
(Skita or Willstatrer) of fnras-S-decalons. It 
has an intense odour of menthol. Its r tmti- 
RTcfijnc has m.p. 99' and it Is best purified 
through its ctrufcf. m.p. 143=. 

trans-^S-i?rcaJo?-IL imp. 7o=, is obtained as 
mentioned above, and also &om the action of 
nitrons add on both forms of truas-S^iecalyl- 
amine. 

When heated with sodium and ^lene both 
cis-S-decaloIs give a mixture containing ^ 
di-S-decalol-I and 20^ ^ of cis-S-cecalor-H; the 
tro-as-^-decalol-I is converted into fru-ts-S- 
decsloi-H (Huckel and 2vaab. 7.C.). 

The opdcslly actrre forms of cw-S-cecalyl- 
amine-I refeti^ to abeve gave on treatment 
with nitrous add optically active forms cf 
ds-S-dcruJc-l-JT, m.t>. S5=. formins: a racemic 


same time a smaller quantity of trar-s-c-deoalol- ' compouud. in.p. Sl=. The nhthniate cf the 
n is lormed. tne ratio bemg S— 1:1. I (-^)-decaIol had a negative rotation. 

trars-c-BtcsJoI-IL m.p. 6S=. is formed as i G-Hydroxv'decatius. — These ate obtained 
above- i^d better by Skita hydrogenadon of j tre the action of nitrous add cn the 9-ammes. 
fraus-c-decalone. ( O-Htdrurp-ds-dcorlir has tmt!. 65= ; 9-ht’i,'Ccp- 
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tr&nB-decaltn, m.p. 54°. 9-Amino-lO-hydroxy- 
decalin has m.p. 103° (Huckel and Blohm, ibid. 
1933, 502, 114). 

DIHYDROXYHECALINS. 

2:3- Dihydroxydecalins. — Two isomeric 
2:3-dihydroxydecalms were obtained by Leroux 
from 2:3-dibromodecalin, m.p. 85°, which was 
prepared from A®-octalin and bromine. The 
first, obtained by the action of aqueous potash 
on the dibromo-compound, had m.p. 160° ; in 
this compound the two hydroxyl groups must 
have cjs-configuration, since it is also obtained 
from octalm-2;3-oxide (liquid, b.p. 225°) which 
is formed by the action of cold alcoholic potas- 
sium hydroxide on octalin-2:3-iodohydrin, m.p. 
70° (Ann. Chim. 1910, [viii], 21, 495). Accord- 
ing to Ganapathi (Ber. 1939, 72 [B], 1381) this 
glycol is cis-2:2 -dihydroxy -tmns-decaUn, and its 
true m.p. is 166°. This glycol (m.p. 168°) has 
also been obtained by Lehmann and Ixratschell 
by dismutation of 3-hydroxy-lrans-j3-decalono 
(ibid. 1935, 68 [B,] 360). Its bisphcnyJureihane 
has m.p. 195° (I^roux). The second glycol, 
tTans-2:d-dihydroxy-tTSinB-dccaUn, m.p. 141°, was 
obtained by the action of silver acetate in acetic 
acid on the same dibromo-compound'; its bis- 
phenylureihane has m.p. 121°. It is also formed 
by reduction of 2:3-diketo-frans-decalin with 
sodium amalgam (Ganapathi), and by reduction 
of a 3-hydroxy-<rans-j3-decalonc of m.p. 134° 
(Lehmann and Kratschell, l.c.). A third glycol, 
m.p. 125°, obtained along with the second, was 
considered by Leroux to be a molecular com- 
pound of the first two, but Ganapathi, who 
obtained it, m.p. 128-129°, by reduction of 2:3- 
diketo-iraTW-decalin with aluminium amalgam 
in moist ether, regards it as a second cts-2:3- 
dihydroxy-cjs-decalin . 

l:5-Dihydroxydecalin. — ^By hydrogenation 
of l:5-dihydroxynaphthalene over Eancy nickel 
at 100-160°/120 atm., Robinson and Hudson 
obtained mixed decalin-l:5-diols m.p. 130-160°, 
with indications of a definite compound, m.p. 
159-161° (J.C.S. 1942, 691). A different dccalin- 
l:5-diol was obtained by Campbell and Harris 
(J. Amer. Chem. Soc. 1941, 63, 2721) by hydro- 
genation (Adams platinum) of octatin-l:6-diol 
diacetate. 

9:10-Dihydroxydecalin . — See decalin-9;10- 
diol (p. 4336). 

DECAHYDKO-jS-NAPnTHAI.DEHTDE. 

This substance has been prepared from /5- 
decalone by Darzen’s reaction. It is a liquid, 
b.p. 100-1 02°/4 mm., with an odour of ambergris 
and is claimed as a perfume (I.G., B.P. 372013). 

Deoalinoabboxylio Aotds. 

By complete hydrogenation of a- and )5- 
naphthoic acids, in the presence of platinum 
oxide Ranedo and L4on obtained decclin-1- 
carboxylic acid, m.p. 127° (chloride, b.p. 200°/120 
xom., amide, m.p. 198—199°) and decalin-2-car- 
boxylic acid, m.p. 72-76° (chloride, b.p. 210°/180 
mm., amide, m.p. 145°) (Anal. Fis. Qui'm. 1927, 
25, 421). Borsche and Lange (Annalen, 1923, 
^4, 219) obtained a mixture of acids by treating 
the Giignard compounds from 2-chIorodecalin 


with carbon dioxide, and separated two acids 
which they called cis-decalin-2-carboxylic acid, 
a resin (amide, m.p. 165-166°), and irans-decalin- 
2-carboxylic acid, m.p. 103° (amide, m.p. 165— 
168°). There should, according to stereo- 
chemical theory, be four different decalin-2- 
carboxylic acids, and Ray and Stuart (J.C.S. 
1926, 3038) obtained what they consider to bo 
four different amides. Two were obtained by 
fractional crystallisation of the amides of tho 
acid, m.p. 65-76°, obtained by reducing ar- 
tetrahydro-)3-nnphthoic acid with sodium and 
amyl alcohol; the other two from tho amido 
of tho acid, m.p. 80-90°, obtained by reducing 
with sodium and ethyl alcohol. Tho first two 
amides had m.p. 195-196° and 171—174°; tho 
other two, m.p. 169-171° and 139-140°. 

A mixture of stereoisomoric dccalin-l-car- 
box3’lic acids was obtained by Long and Burger 
(J. Org. Chem. 1941, 6, 852) by hydrogenating 
0-mcthoxy-l-napthoic acid, tho metho.xj-1 group 
being eliminated. l-JJydroxydccalin-2-carboxylic 
acid, m.p. 198°, was prepared by Hiichol and 
Goth b}' hj’drogenating ethyl l-kclo-l:2:3:4- 
tetrah5’dronaphthnleno - 2 - carbo.xj'lnto, and 
hj’drolysing the ester. Some dccalin-2-carboxy- 
lato was formed at the same time (Bor. 1924, 
57 [B], 1285). 

A decalin-Q-.lO-dicarboxyltc acid (anhydride, 
m.p. 96°, imidc, m.p. 188-189°) has been 
obtained by condensing Abtetrahydrophthalic 
acid rvilh butadiene and hydrogenating the so- 
obtained octnlin-9:I0-dicnrbo.xylic acid, tho 
anhydride of which had m.p. 08° (Brigl and 
Herrmann, ibid. 1938, 71, [B], 2280). 

Decaloxes. 

The dccaloncs have already been referred to 
in connection with tho dccalols, which arc 
obtained from them by hydrogenation, and the 
dccalylamincs, formed by hydrogenation of the 
dccaloncoxiracs. There aro four possible mono- 
ketodccalins, nameh- the a- and /5-dccalones 
derived from both cis and /rons-dccalin. These 
four ketones were characterised and their 
I configurations established with reasonable cer- 
tainty by Huckel in Iiis work on the stcrco- 
! chemistry of dccahydronaphthaleno (Annalen, 
1926, 441, 1). Tho complete lino of argument 
I is too long to give hero, but it maj’ l>o mentioned 
that oxidation of one of tho a-dccalones with 
nitric acid gives CJj-cyc/ohoxano-l-propionic-2- 
carboxylic acid, m.p. 103°, whilst .similar o.xida- 
tion of tho other gives tho tra7;s-acid, m.p. 143°, 
and that cis-jS-decalono was sj-nthesised bv 
cyclisation of ci's-cyclohoxnno'l-ncotic-2-pro- 
pionic acid. 

Tho decalonos aro prepared by oxidation of tho 
corresponding dccalols with chromic acid in 
acetic acid solution. They aro oils or low melt- 
ing soh'ds; the a-decalonos hnvo odours ro- 
sombling menthol; tho /S-kotones have a less 
agreeable smell. 

The decalones have acquired some importanco 
as intermediates in tho synthesis of substances 
related to tho sterols. 

a- Decalones. — ^Mixod cis- and irans-a-do- 
calones, obtained by oxidation of mi.vcd a- 
decalols, can bo separated by fractional crystal- 
lisation of tho somicarbazonos (English and 
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Cavaglieri, J. Amer. Chem. Soo. 1943, 65, 1085). 
According to Hiickel {l.c.), the cis-formis changed 
to irans- by acid and alkaline reagents and by 
distillation at ordinary pressure, but English 
and Cavaglieri could not confirm these obser- 
vations. According to Hiickel, condensation of 
cis-a-decalone with oxalic ester and subsequent 
degradation back to the ketone gives iTO/ns-a~ 
decalone ; and attempts to make the oxime of 
the cis-ketone only give tmns-o-decalone oxime. 

cis-a-Decalove has m.p. 2°, b.p. 126°/20 mm., 
pf 1-008, 1-49364; semicarbazone, 

m.p. 220-221° (decomp.), (Huckel, lx.). 

trans-a-Decalone has m.p. 33°, p®® 0-986, 
Wp 1-48372; semicarbazone, m.p. 229- 
230°; benzylidene derivative, m.p. 91°, 
oxime, m.p. 168° (Huckel, l.c.). 

Methylation of 2-benzylidene-l-decalones gives 
the 9-methyl derivatives, whence are obtained 
9-metJiyl-eis-l-decalone {semicarbazone, m.p. 226- 
227°) awd Q-metkyl-trans-l-deculouc (semtcar- 
hazone, m.j). 219-220°), both liquids of camphor- 
like odour (Johnson, J. Amer. Chem. Soo. 1943, 
65, 1317). 

jS-Decalones. — A technical /S-decalone from 
J. Riedel examined by Wallach and Weissen- 
bom (Annalen, 1924, ^7, 161) was found to be 
a mixture of two products, and Hiickel {l.c.) 
found a technical product of unnamed origin to 
consist of 60% trana- and 40% cw-decalone. 
The heats of combustion of the cis- and trans-P- 
deoalones are equal, 1,400-2 kg.-cal. per mol. 
(Roth and Lass6, ibid. 1925, 441, 48). 

(As-p- Decalone has m.p. —14°, b.p. 247°/755 
mm., P 4 ^ 1-0039, 1-49180; semicar- 

bazone, m.p. 182-183° (decomp.) ; oxime, 
oil, b.p. 161-166°/16 mm. 

According to Cook and Lawrence (J.C.S. 1937, 
824), chlorination gives S-chloro-ci8-2-decalone, 
m.p. 107-108°; methylation of cis-2-decalone 
takes place in the 3-position, and condensation 
with ethyl oxalate and sodium chloride gives 
ethyl cis-2-decaloneS-glyoxylate, b.p. 130°/0-7 
mm. 

tTona-p-Decalone has m.p. 6°, b.p. 241°/765 
mm., p 4 ® 0-975, 1-48088 ; semicar- 

bazone, m.p. 192-193° (decomp.) ; oxime, 
m.p. 76°. 

Chlorination of traus-jS-decalone gives d-chloro- 
traas-2-decalone, m.p. 92°, and a dichloro deriva- 
tive, m.p. 137°. The former is changed by hot 
sodium hydroxide into 3-hydroxy-tTanB-2-deca- 
lone which exists in two forms, m.p. 84° and 134° 
(Lehmann and Kratschell, Ber. 1934, 67 [B], 
1867). 

The cyanohydrin of imns-)8-decalone condenses 
with aromatic amines to give 2-cyano-2-aryl- 
amino-trans-decalins, which exist in two forms 
(Desai, Hunter, and Hussain, J.C.S. 1936, 1675). 

When trons-^-deoalone is heated with selenium 
at 260° a small yield of j8-naphthol is obtained 
(Ruzicka, Helv. Chim. Acta, 1936, 19, 419) ; 
heated with selenium dioxide in boiling ethyl 
alcohol it is oxidised to 2'.3-diketodecalin, m.p. 
99-100°, giving a dioxime, m.p. 229° (Ganapathi, 


J. Indian Chem. Soc. 1938, 15, 407). The dike- 
tone was reduced to the 3-hydroxy-2-decalone, 
m.p. 134°, and 2:3-dihydroxydecalin, m.p. 14r. 

Wallach and Weissenborn also obtained a 2:3- 
diketodeoahn by brominating mixed cis- and 
imnS'/S-decalone and hydrolysing the product 
with alkali. This substance, m.p. 88-89°, has 
phenolic properties ; they called it a “ dios- 
phenol ” and gave it the structure of 2-hydroxy- 
Z-ketO-A^-octalin. It formed a dioxime, m.p. 
196-197°. A small quantity of an isomeric 
diketone, m.p. 99-100° (c/. Ruzicka’s compound) 
was also isolated (Annalen, 1924, 437, 163). 

1 : 3 - Diketo - traus-decahydronaphthalene 
was synthesised by Kon and Khuda (J.C.S. 
1926, 3071) and by Chuang and Tien (Ber. 1936, 
69 [H], 25) from l-acetylcycto-Ji-hexcne and 
ethyl sodiomalonate. The latter authors give 
m.p. 162-163° {2-benzylidene derivative, m.p. 
229°). They noted that the iraws-isomer was 
formed when l:3-diketodecalin-4-carhoxylic ester 
was boiled with 20% alcoholic potash, but by 
the action of a more dilute reagent at 15-20°, 

1- .S-diketo-cie-decalin, m.p. 124-125°, was formed. 

Two decalin-l:6-diones, m.p. 68-72° and 
164-167°, respectively, were obtained by 
Robinson and Hudson by oxidising (chromic- 
acetic acid) the decalin-l:5-diol obtained by 
catalytic reduction of l-.S-dihydroxynaphthalene 
(J.C.S. 1942, 691). 

HOMOnOGUES OF Deoaun. 

It would be beyond the scope of this article 
to give a fuU account of what is known of the 
homologues of decalin and its derivatives. 
Alkylnaphthalenes can be hydrogenated to 
alkyldecalins, but comparatively little has been 
done yet to isolate the stereoisomers. It may be 
noted that some sesquiterpenes are closely 
related to alkylated decalins (c/. Ruzicka et al., 
Helv. Chim. Acta, 1931, 14, 1131, 1151 ; 
Annalen, 1927, 453, 62). In recent years use 
has been made of alkylated decalols and deca- 
lones for synthetic purposes ; for instance, 
numerous papers by R. Robinson and his col- 
laborators on the synthesis of substances related 
to the sterols may be found in the Journal of 
the Chemical Society. The following references 
are given as a guide to some of the literature : 

1-Methyl-decalols and -decalones, Robinson and 
Weygand, J.C.S. 1941, 388; English and 
Cavaglieri, J. Amer. Chem. Soc. 1943, 65, 1085. 

2- Methyldecalone, Cook and Lawrence, J.C.S. 
1937, 817 ; 3-Methyldecalones, Woodward, J. 
Amer. Chem. Soo. 1940, 62, 1211 ; Johnson, 
ibid. 1943, 65, 1317 ; Plentl and Bogert, J. Org. 
Chem. 1941, 6, 669. 

The catalytic dehydrogenation of methyl- 
decalins has been studied by Linstead and 
collaborators. When a methyl group is present 
in the 9-position, no dehydrogenation occurs at 
200°, but at 300° the methyl group is either 
eliminated or migrates to the a-position, accord- 
ing to the catalyst used (J.C.S. 1937, 1146). 

1- and 2-Ethyldecalins, b.p. 222° and 221°, 
respectively, have been obtained by hydro- 
genating the ethylnaphthalenes in the presence 
of nickel at 160° (L6vy, Compt. rend. 1931, 192, 
1397 ; 193, 174). 


E. HR. 
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NAPHTHANIL (v. Vol. IV, 231a). 

NAPHTHAPHENANTHRIDINE AL- 
KALOIDS {v. Vol. n, 529&). 

NAPHTHAPHENAZINE (j;. Vol. I, 666c). 

NAPHTHASTYRIL (v. Vol. I, 426a). 

- NAPHTHAZOLE” (v. Vol. IV, 231a). 

NAPHTHENIC ACIDS. The term 
“ naphtheidc acids ” is employed to denote 
those carboxylie acids which occur in petroleum, 
not including, however, the known fatty acids 
{e.g., palmitic, stearic) which have been found 
in small quantities in certain crudes. Thus the 
terms “ naphthenic acids ” and “ petroleum 
acids ” are very nearly synonymous, the latter 
however including also all carboiylic acids 
found in petroleum. This distinction is how- 
ever largely academic, since, in commercial 
naphthenic acid mixtures, traces of fatty acids 
win be present, if they occur in the crude whence 
the naphthenic acid mixture is derived. 

Hitherto acids obtained from petroleum bj' 
artificial oxidation methods have not generally 
been included in the term “ naphthenic acids ” ; 
whether they should be is a moot question. 
The term “ polynaphthenic acids ’’ (or “ ns- 
phaltogenic acids ”) has been used in this con- 
nection, but the structures of such products are 
as yet rmdetermined. 

Occurrence. — ^Naphthenic acids were first 
discovered, in 1874, in petroleum of Russian 
and of Roumanian origin, the name itself dating 
from 1883. Since then, investigation has shown 
that they are present, in lesser or greater amount, 
in practically all crudes. The content of naph- 
thenic acids may vary from below 0-l% to 
considerably over 2%. As a general rule the 
crudes of a paraffinic type have a lower content 
of acids than crudes belonging to the naphthenic 
and asphaltic groups. Thus, Pennsylvania 
crudes usually have naphthenic acid contents of 
about 0'03%, whilst certain crudes from Cali- 
fornia have been examined in which ns much ns 
3% is found. These acid contents correspond 
to approximate acidities of the crude oil of 
from 0-05 to 6-0 mg. KOH/g. 

Distribution in Crude Oil. — This is not uni- 
form, and in practicallj'^ aU oils investigated the 
concentration of acids rises with boUhig-point, 
to reach a maximum in the kerosene-spindle oil 
range (i.e., b.p. ca. 200-300°), thereafter falling 
again. Curves shoving the distribution of 
naphthenic acids in various crudes with respect 
to the boiling-point of the fractions are given 
by Schmi z (BuU. Assoc, fran?. Tech. P6trole, 
1938, Nov., p. 93). Tliere is considerable 
evidence that a certain amount of naphthenic 
acids is produced by the breakdown of oxy- 
genated bodies on the distUlation of crude oil, 
although the extraction of naphthenic acids 
direct from crude oil has disposed of the earlier 
theory that the bulk, if not all, of the naphthenic 
acids were thus formed. That some acids are 
nevertheless produced on distillation has been 
proved by investigations on crude oil that has 
been, experimentally, completely neutralised, 
and which, however, yields acid distillates. 

Recovery. — ^The recovery of naphthenic acids, 
on a laboratory scale, is performed by the 
extraction of the crude oil, or petroleum fractions 
under investigation, with alcoholic potash, pre- 
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ferably by boiling under reflux; the alcoholic 
solution is then diluted with water, and extracted 
with ether, in order to remove any hydrocarbon 
material dissolved in tho alltah naphthenato 
solution. After removal of tho ethereal extract, 
tho solution is acidified wdth sulphuric acid, 
causing tho separation of naphthenic acids, 
which are then extracted by light petroleum, 
freed from tho latter by evaporation, and 
weighed. 

Identification of tho extracted material may 
be carried out by tho Charitschkov reaction 
(J. Russ. Phys, Chom. Soc. 1897, 29, 691), which 
consists in neutralising tho material with caustio 
soda, adding copper sulphate solution, and 
extracting rvith benzene. If naphthenic^ acids 
are present, -they form, under these conditions, 
a copper salt which is soluble in benzene, and 
which may bo recognised by its intense green 
colour. This reaction forms tho basis of a 
method for tho determination of naphthenic 
acids in soda-neutralised oils (“ Standard 
Methods,” 7th cd.. Institute of Petroleum, 
London, 19-16, p. 258). It should bo noted that 
a similar reaction may also bo given by certain 
fatt}' acids. 

On an industrial scale, tho acids are recovered 
either by tho alkaline treatment of cnido oil, 
or of its distillates, or else by distilling the 
reduced crude over alkah. 

Tho caustic soda extraction of cnulo oils is of 
limited applicabilitj’, since it is only possible 
in tho case of relatively light crudes, which will 
separate easily from tho aqueous la 5 'cr m'tliout 
tho formation of an emulsion (Volikovskii and 
Druzhina, Ncft, Khoz. 1933, 25, 48; Bisko, 
Refiner, 1937, 16, 72). For similar reasons tho 
extraction of distillates is limited to those of 
relatively low viscosity, genernUy not exceeding 
that of spindle oil (approximately 60 conti- 
stokes, at 20°). Jlore viscous oils may of 
course bo washed, if it should prove economical, 
by heating so ns to reduce their viscosity. A 
rich source of naphthenic acids arc tho alkaline 
residues which result from tho normal refining 
treatment of various petroleum dist illates, usually 
subsequent to refining by means of sulphuric 
acid. 

Tho product obtained by tho alkali washing 
of crude oil, or of its fractions, is in effect an 
aqueous solution of sodium naphthenato, 
together with a certain amount of hydrocarbon 
material dissolved in tho soap solution ; this 
is removed by extraction with a light solvent 
after diluting tho solution, and acidification of 
the separated aqueous layer liberates tho 
naphthenic acids. Other methods of recovery 
include tho salting out of tho naphthenic soaps 
from aqueous solution with brine, or tho use of 
sulphur dioxide for tho neutralisation of tho 
alkaline wash liquors. 

In tho case of crudes, or reduced crudes, 
distilled over caustic soda, tho sodium napji- 
thonato formed is retained in tho solid residue, 
and may bo recovered thorofrom by treatment 
with water or alcohol, and tho further processing 
of tho resultant solution ns already described. 

Naphthenic acids recovered in this manner, 
particularly those obtained from crude, or from 
reduced crude, and not from distillates, contain, 
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in addition to the acids themselves, varying 
quantities of resinous and asphaltic bodies 
which have to be removed by further treatment. 
Furthermore there are also present phenols, 
which after naphthenic acids, form the principal 
oxygen-containing constituents of petroleuin. 
Phenols are particularly evident in naphthenic 
acids recovered from the lighter cuts, such as 
kerosene and gas oil. In those cases where the 
alkaline residues from the refining of cracked 
products are processed, they may even form the 
main by-product. The separation of phenols 
from naphthenic acids is a matter of some 
difficulty ; normally, in the case of commercial 
acids — except in the relatively rare cases when 
these have been extracted from cracked materials 
— ^phenols are present in a small proportion of 
the total bulk and it is not usual to separate 
them. Separation methods which have been 
suggested are mainly based on the fact that 
extraction of a naphthenic acid-phenol mixture 
with sodium carbonate solution will dissolve 
the acids only, leaving the phenols to be taken 
up by subsequent treatment with caustio soda 
(c/. Campbell, ibid. 1936, 14, 381). Such a 
separation is, however, by no means complete, 
and in cases where a complete separation is 
required, as in the chemical investigation of 
naphthenic acid structure, it is necessary to 
eliminate phenols by laboratory methods, in- 
applicable on an industrial scale. 

Eefiving . — ^For some industrial purposes, the 
naphtheruc acids are utilisable in the condition 
in which they are recovered ; however, for the 
majority of applications, it is necessary to sub- 
ject them to some degree of refining, both in 
order to decrease their characteristic and dis- 
agreeable odour, and also to raise the acid 
content by the elimination of imsaponifiable 
matter. 

Whilst a slight degree of success is attained by 
the treatment of naphthenic acids in a manner 
analogous to that utilised for the refinement of 
petroleum products, such as treatment with 
sulphuric acid and adsorbent earths, or by 
various oxidising agents, it is necessary for 
satisfactory refining to utilise distillation. 
Owing to their high boiling points, distillation 
at atmospheric pressure cannot be accomplished 
without a considerable degree of decomposition, 
and either steam distillation or vacuum distil- 
lation is required. Final refining of the distillate 
can be effected either by a treatment with sul- 
phuric acid and earth, or with earth alone (Gold- 
berg and Kochoeva, Mask Zhir. Delo, 1935, 11, 
594). Various solvent refining methods have 
been proposed for naphthenic acids, but do not 
appear to have achieved commercial success. 

Physical and General Properties . — ^The acids 
obtained in this manner are oily liquids ; their 
colour varies from dark red to almost coloirrless, 
depending upon the degree of refinement to 
which they have been subjected. The specific 
gravity of naphthenic acids, which in many cases 
decreases with increasing molecular weight, can 
lie within the range 0'93-l-09, although the 
majority of commercial acids are within the 
narrower limits of 0-94r-0-99. The product of 
specific gravity and refractive index has been 
proposed by Schutze et al. (Ind. Eng. Chem. 


[Anal.] 1940, 12, 262) as a guide to the classifi. 
cation of naphthenic acids. The boiling-points 
of the acids, at atmospheric pressure, are from 
about 215° upwards, although only the lower 
members can be distilled at atmospheric pressure 
without decomposition. The melting-points of 
the majority of acids are very low, in some cases 
below —80°, although solid acids, of a tertiary 
structure, have been isolated (Kennedy, Nature, 
1939, 144, 832 ; c/. Shive et al., J. Amer. Chem. 
Soc. 1940, 62, 21U; 1941, 63, 2979). 

Naphthenic acids have a pronounced and 
characteristic odour, which varies with their 
origin and degree of refining ; the odour is more 
marked in the lower members of the series. The 
acids are completely miscible with hydro- 
carbons; the lower members have a slight 
solubility in water ; they are soluble in sulphuric 
acid by which they are attacked but shghtly. 
The acid values decrease with increasing mole- 
cular weight, the viscosities increase, and are of 
the same order, although higher,' than of the 
petroleum fractions from which the acids are 
derived. 

Many grades of acids are commercially avail- 
able.' Until fairly recently, the only acids on the 
market were those obtained from Russian and 
Roumanian crudes, being produced as a by- 
product of the refining of the kerosene- and 
spindle-oil cuts. For some years, however, acids 
from American crudes have taken an increasingly 
large share of the market, and these acids, in 
addition to being obtained from the lighter 
petroleum fractions, are also recovered from 
the heavier lubricating oil cuts, as well as from 
the original crudes or topped crudes. This 
change in the origin of naphthenic acids has 
meant that the importance previously attached 
to the acid value as a criterion of quality is now 
less, since, of course, with increasing molecular 
weight, the acid value will fall. Hence it is of 
more importance to know the content of the 
acids in tmsaponifiable matter, since this factor 
represents the amount of inert non-reacting 
material, as far as the majority of the uses of 
naphthenic acids are concerned. It is now 
generally recognised that a high quality naph- 
thenic acid should have a content of un- 
saponifiable matter of below 10%. Acid values 
for commercial grades of naphthenic acids range 
from about. 160-170 for acids derived from 
crudes and from lubricating oils, equivalent to a 
molecular weight of about 300, to about 250 or 
higher for acids froih the lower boiling fractions 
of petroleum. Optical activity has been ob- 
served in naphthenic acids, but there is con- 
siderable evidence that this is due to impiuities 
and not to the acids themselves. 

The acids are soluble in liquid sulphtm dioxide 
and, in the refining of oils by the Edeleanu pro- 
cess, they tend to be concentrated in the extract 
phase. 

Chemical Constitution. 

For the purpose of the investigation of the 
structure of naphthenic acids, it is necessary to 
obtain them in a considerablj’’ purer condition 
than are the acids of commerce. This may be 
accomplished by careful vacuum distillation and 
further purification by chemical methods. These 
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latter may consist in the conversion of the acids ' 
to their methyl esters, ■which boil on the average 
at a temperature 50° lower than the acids them- 
selves, followed by redistUlation of these esters 
and saponification for the recovery of the acids. 
Other methods include the preparation of the 
amides and oxalates of the acids, and also the 
resaponification of the commercial acids, fol- 
lowed by extraction of hydrocarbons by light 
solvents, sometimes under pressure, and libera- 
tion of the acids, livith subsequent molecular 
distillation. 

Much of our Imowledge of the structure of 
naphthenic acids is due to the work of von 
Braun (“ The Science of Petroleum,” London, 
1938, Vol. 2, p. 1007 ; Ho. Cong. Mond. Petr. 
1937, 2, 127). As a result of his investigations, 
and those of others, it may he said that, broadly 
speaking, the acids up to about C, are aliphatic 
in character, those from Cg to about C,, mono- 
cyclic, and acids up 'to about Cjg hicyclic. The 
composition of the acids is represented by the 
following type formulas : 

Aliphatic acids, CnHo^Oj. 

Monocyclic acids, C„H„„_202. 

Bicyclic acids, 

More highly condensed systems, up to 

CfiHgn— 10O2 

have also been detected (Harkness and Bmun, 
Ind. Eng. Chem. 1940, 32, 499). Goheen [ibid., 
p. 503) has also found evidence of the presence of 
more than two rings per molecule, and has pro- 
pared naphthene hydrocarbons from naphthenic 
acids. In the majority of naphthenic acids so far 
examined, the ring structure is predominantly a 
ct/eZopentane ring ■with the carboxyl group at 
the end of an alkyl side-chain. The formula 
below represents a typical structure of medium 
molecular weight naphthenic acids, such as have 
been found in nearly all crudes, where n can be 
up to 5 or over. 

CMea 

MeHC CHa 

I I 

HgC CH-CCHjjn-COjH 

It is of interest to compare this structure ■with 
that of the naturally occurring chaulmoogric 
and hydnocarpic acids, which are also based on 
five-membered rings. The presence of acids 
■with a six-membered ring is suggested by para- 
chor measurements on methyl esters of naph- 
thenic acids from Russian crudes (Lapkin, J. 
Gen. Chem. Russ. 1939, 9, 1332). 

Acids containing a eyeZohexano structure have 
been isolated from Californian petroleum (Noy 
et aZ., J. Amer. Chem. Soc. 1943, 65, 770). The 
stability of naphthenic acids to reagents, and the 
absence of halogen absorption, indicate that 
unsaturation is absent. 

The acidie constituents from cracked distil- 
lates, in addition to being rich in phenols, as 
already mentioned, also contain straight chain 
acids in considerably greater quantity than is 
found in acids from crude oil or its fractions. 

Chemical ProperZies.— The naphthenic acids 
show the properties that would be expected of 


them as monocarboxylic organic acids. They 
behave in a very similar manner to the fatty 
acids and, lilce them, form a series of metallic 
salts (soaps). Similarly to the fatty-acid soaps, 
the alkali soaps of the naphthenic acids are 
soluble in water and almost insoluble in hydro- 
carbons, whilst the soaps of other metals (except 
silver) are water-insoluble and oil-soluble. 

Naphthenic acids have a markedly acidic 
character, being more acidic than the higher 
fatty acids, and will displace weaker acids from 
their salts, even sho^wing this tendency to a slight 
extent, at elevated temperature, in the case of 
the salts of strong acids such ns chlorides. 

Many metals are attacked b}’ naphthenic 
acids, and among the commoner metals the 
degree of attack is greatest in the case of lend 
and least (almost niZ) in that of aluminium, with 
zinc, copper, and iron occupying intermediate 
positions in that order. 

The naphthenic acids, like the fatt3' acids, 
form amides, esters (including gl^'cerides) and 
other derivatives. On reduction they yield the 
corresponding alcohols. 

Uses. 

The utUisation of naphthenic acids maj* be 
divided into that of the acids as such, and that 
of the acids in the form of their nnphthcnntcs, 
of which sodium naphthcnatc is the most fre- 
quently used. In certain cases a mixture of 
naphthenic acids and sodium naphthcnatc is 
supplied, since, unlike sodium naphthcnatc, such 
a mLxture is liquid and j)umpablo, and, on 
receipt, it maj' be converted cither cntirclj’ into 
the soap or into the free acid b\‘ the addition of 
the appropriate quantity' of alkali or mineral 
acid (Shipp, Oil and Gas J. 1930, 34, No. 44, 
p. 50). Concentrated aqueous solutions of 
sodium naphthcnatc (up to 50%) are likewise 
fluid. 

One of the earliest uses of naphthenic acids 
was ns an aid in petroleum refining for the pre- 
vention of emulsion formation. Naphthenic 
acids have also been used as a solvent for rubber, 
in rubber reclamation, and for admixture with 
tung oil to retard the gclatinisation of the latter. 
Thoj’ also enter into the composition of various 
soluble oils (cutting oils) and greases. Thc}’ 
have also been used ns a diluent in refining 
operations for tho identification of oil streams. 
Uses ns wetting agents, and in ore flotation, ns 
well as for mosquito control, have also been 
suggested. 

In tho form of soaps, tho sodium salt of 
naphthenic acid is that most frcqucntlj' cm- 
plojmd, cither for use ns such or ns tho starting 
material for tho preparation of other soaps. 
The sodium salt itself has been used for a con- 
siderable time ns a cheap detergent; it is also 
employed ns an emulsifier in tho preparation of 
bituminous paints, particulnrlj’’ such ns have 
been used in recent years for camouflage pm-- 
poscs. Sodium naphthenato is a constituent of 
various types of greases ; in solution it has some 
bactericidal activity (a 1% solution has a phenol 
coefficient of 3) and it has been used ns a com- 
ponent of antiseptic soaps. 

Ammonivm naphthenato in aqueous solution 
is a good solvent for hj’drocarbons and this 
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proporfcy is made use of in the preparation of 
emulsions. Galciuin naplithenate lias a con- 
siderable solubility in fatty oils, and has been 
used to increase the viscosity of the latter ; it 
can also act as an oxidation catalyst for mineral 
oils, e.g., in the oxidation of hydrocarbons for 
the formation of synthetic fatty acids. It may 
be noted that the calcium soaps of the lower 
acids have but slight solubility in _ oils. 
Aluminium naphthenate forms a very consistent 
mass ; it is used as a thickener for mineral oils, 
as a constituent of greases, and also in the pro- 
duction of extreme pressure lubricants ; for the 
latter purposes, however, lead naphthenate is 
more widely employed. Aluminium naph- 
thenate is also used for the waterproofing of 
fabrics. The naphthenates of lead, cobalt, and 
manganese have acquired wide use as driers 
(“ Soligen ”) in paint manufacture (Greenfield, 
Paint Manuf. 1935, 5, 164 ; Curwen, ibid. 1936, 
6, 38) ; they are stated to be considerably 
superior in this respect to the fatty acid salts of 
these metals, being more soluble and stable than 
the oleates and linoleates. It is in the manu- 
facture of driers that a large proportion of the 
naphthenic acid output finds utilisation. The 
cobalt salt is the basis for a sensitive test for 
hydrogen peroxide, which, it is stated, is not 
given by ozone (Charitschkov, Chem.-Ztg. 1910, 
34, 60, 479). Copper naphthenate is used as a 
wood preservative and for the impregnation of 
sandbags and other textiles, to prevent rotting 
(cf. Marsh et al., Ind. Eng. Chem. 1944, 36, 176). 
Zinc naphthenate is likewise used for the pro- 
tection of fabrics, whilst cerium naphthenate is 
stated to be a good waterproofing agent. The 
use of naphthenates for the preservation of 
cellulose, and of textiles generally, has been 
discussed by Carter (Chem. Age, 1944, 51, 617). 
Tin naphthenate has been suggested as an 
oxidation inhibitor for mineral oils. Naph- 
thenates of bismuth and lithium have been em- 
ployed for medicinal purposes, as have the 
ureides. 

The addition of metallic naphthenates (in 
quantities of from 0-6% upwards) to fuel oils 
has the effect of markedly diminishing the soot 
produced. Some metallic naphthenates are 
employed as wetting agents for the dispersion 
of pigments in printing-ink manufacture, and 
various naphthenates, as well as the acids them- 
selves, are used as components of insecticidal 
and fungicidal sprays. The fungicidal action of 
naphthenic acids has been examined by Marsh 

(I.C.). 

Generally speaking it may be said that the 
naphthenates form a convenient method of 
obtaining a metal radical in an oil-soluble form. 

The preparation of heavy metal naphthenates 
may be accomplished by several methods of 
which the foUowing are the principal : 

(i) By the double decomposition of sodium 

naphthenate and a salt of the metal, 
whereby the metaUic naphthenate is 
precipitated. 

(ii) By the interaction of the metallic oxide 

with naphthenic acid; this may con- 
veniently be carried out in a medium 
wherein the resultant naphthenate is 
soluble. 


The discoloration of naphthenates, sometimes 
observed on storage, may be diminished by the 
use of inhibitors. 

Salts of naphthenic acids with organic amines 
have found application as emi^ifying and 
wetting agents. The use of naphthenic acid 
derivatives in synthetic resin manufacture has 
been proposed. 

Naphthenic alcohols, prepared by the catalytic 
hydrogenation of the acids, have been employed 
as wetting agents, and as detergents, for which 
purposes esters and other derivatives of naph- 
thenic acids have also found some application. 

Analysis. 

The qualitative detection of naphthenic acids 
by means of the copper salt has already been 
mentioned. 

Like the fatty acids, naphthenic acids may 
be titrated in alcoholic solution, employing 
phenolphthalein as indicator. 

Eor the determination of the naphthenic acid 
content of samples of commercial acid, con- 
taining appreciable quantities of unsaponifiable 
matter, a modification of the Honig and Spitz 
(Z. angew. Chem. 1891, 4 666; J.C.S. 1893, 
64, ii, 102) method is employed. This consists 
in refluxing about 10 g. of the material for 
i hour with 50 ml. of N.alcoholio KOH; 
60 ml. of water are then added, and the mixture 
extracted three times wth 40 ml. each time of 
light petroleum (b.p. 60-80°). The petroleum 
solution, containing the unsaponifiable matter, 
is then evaporated on the water-bath and the 
residue weighed. 

The residual allcaline soap solution is 
evaporated to remove the alcohol, and acidified 
to Methyl Orange with sulphuric acid. The 
liberated naphthenic acids are then extracted 
with light petroleum, and the extracts washed 
with saturated sodium sulphate solution imtil 
free from mineral acid, and then with a small 
quantity of distilled water to remove all the 
sodium sulphate. The solvent is finally removed 
by evaporation and the acids weighed. A cross- 
check, indicating the extent of the imavoidable 
loss of volatile unsaponifiable constituents, is 
afforded by the ratio of the acid values of the 
original mixture and of the pure acids. 

A similar method, varying slightly from the 
I above, is described by IGotz and Littmann (Ind. 
Eng. Chem. [Anal.], 1940, 12, 76). 

The determination of naphthenic acids in the 
presence of mineral oil and of petroleum sul- 
phonic acids, is a matter of some importance, 
and has been the subject of work by Pilat and 
Sereda (Fettchem. Umsohau. 1934, 41, 171). 
The basis of their method is the removal of 
hydrocarbons by ethyl ether, and the subse- 
quent differentiation between naphthenic and 
sulphonic acids by the fact that the sulphonic 
acids, being the stronger, react with sodium 
chloride, whilst the naphthenic acids do not. 
The determination of naphthenic acids in heavy 
petroleum residues has been described by 
Schaefer (Fette u. Seifen, 1937, 44, 146), 

SULPHO-NAPHTHENIC AclDS. 

The term “ sulpho-naphthenio acids ” is one 
which is frequently misused. It denotes naph- 
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thenic acids -n-hich, by the action of sulphunc 
acid or of oleum, have had a sulphonic group 
introduced into the molecule. In practice the 
term is often misapplied to refer to other sul- 
phonic acids, t.e., acids obtained as a by-product 
dming the refining of petroleum fractions by 
sulphuric acid or oleum by the sulphonation of 
the more easily attackable hydrocarbons, and 
u-hich are substances quite distinct from 
naphthenic acids. 

Genuine sulpho-naphthenic acids can be pro- 
duced by the treatment of naphthenic acids 
■svith oleum, despite the fact that naphthenic 
acids are fairly resistaPt to such treatment. 
Investigations by Kisieleuicz et ah (He. Cong. 
Mond. Petr. 1937, 2, 435) shorred that on the 
mmng of naphthenic acids uith 100% (by 
volume) of oleum (10% free SO3) not more than 
50% of the naphthenic acids -were sulphonated, 
and at that, only in the case of acids of higher 
molecular rreight, u-hich vrere the more easily 
attacked. It thus appears that sulpho-naph- 
thenic acids -vrill occur in refining operations 
only as a result of the treatment of highly acidic 
petroleum distillates uith oleum, when they will 
be admixed with other sulphonic acids, and it is 
therefore extremely unlikely that the majority 
of the commercial products which have been 
described as sulpho-naphthenic acids are in fact 
truly sulphonated naphthem'c acids. Unless 
these latter are meant it would be preferable to 
employ the term “ petroleum sulphonic acids ” 
(to dikiinguish them from sulphonated fatty 
acids) in respect of petroleum refining by- 
products, and to restrict the term “ sxilpho- 
naphthenic acids ” to genuine sulphonated 
naphthenic acids. The term “ naphthenc-sul- 
phonic acids,” which is also sometimes met with 
for petroleum sulphonic acids, whilst admittedly 
less open to objection than “ sulpho-naphthenic 
acids ” is not free from ambiguity, and also has 
the disadvantage that it tends to pre-supposc a 
naphthene structure for these compoimds, which 
is not necessarily always the case. 

Sulphonated naphthenic acids have been pro- 
duced for various purposes, amongst which may 
be mentioned use as wetting agents and as sub- 
stitutes for Turkey-red oU. 

Literature . — In addition to the references 
quoted, the following should be constilted for 
a more detailed discussion of the subject : 


C. Ellis, " The Chemistrj’ of Petroleum Derivatives.’ 
h'ew York, 1934, p. 10G2 ; ibid. Tol. n, Kow York 
1937, p. 1103. 

M. Yaphtali, " Chemie, Technologie und Aunlyso dc: 
Yaphthensauren,” Stuttgart, 1927, and tin 
supplementarj* volume “ YaphthensSuren uiu 
Yaphthcnsulfosauren,” Stuttgart, 1934. 

E. Guruitsch and H. Moore, “ The Scientific Principle! 

_ of Petroleum Teclmologj-,” London, 1932, p. 120. 

E. R. Littmann and J. R. M. Klotz, Chem. Reviews 
1942, 30, 97 (Principally a review of patents). 

A. Y. Sachanen, “The Chemical Constituents ol 
Petrolemn,” Yew York, 194.S, p. 315. 

V. I? 


NAPHTH ITE (v. Vol. IV, 475a). 
NAPOLEON ITE (v. Vol. W, 8b). 
NARCEINE {v. Oprmi). 
NARCISSINE {v. Vol. VU, 428c). 
NARCOTINE (v. Opium). 
NARCOTOLINE (u. Opium). 
NARCYLEN {v. Vol. I, 79&; 367d). 


NAR INGIN is a glycoside obtained from 
the flowers and fruit of Citrus decumana Murr. 
(grapefinit) (Will, Ber. 1885, 18, 1311 ; 18S<, 
20, 294, 1186). It is tho bitter principle of 
grapefruit, is sparingly soluble in water and is 
strongly Imvorotatory, [ajj,® — 82‘1° in alcohol. 

Naringin, C27H320j4,2H20, m.p. 171°, is 
hydrolysed by boiling dilute sulphuric acid and 
yields d-glncose, Z-rhamnose, and naringenin, 
or 5:7:4'-trihydrox3’flavanonc : 



O 


(Zollcr, Ind. Eng. Chem. 1918, 10, 371 ; Asaliina 
and Inubuse, Ber. 1928, 61 [B], 1514 ; J. Pharm. 
Soc. Japan, 1929, 49, 128). Nnringin is not 
hydrolysed by cmulsin, btit by the action of an 
enzyme, apparcntlj* an a-glucosidase, present in 
celery seed, it yields naringenin and a disac- 
charido (Hall, Chem. and Ind. 1938, 473). Tho 
glucorhamnoso rcsiduo is attached to position 
7 of tho aglucono naringenin (Asahina and 
Inubuse, he. ; Eangaswami, Seshadri, and 
Voeraraghaviah, Proc. Indian Acad. Sci. 1939, 
9, A, 328). 

Tho synthesis of naringenin was clTcctcd by 
condensing phloroglucinol with the chloride of 
p-carbethoxycinnamic acid (Rosenrnund and 
Rosonmund, Ber. 1928, 61 [B], 2008; Shinoda 
and Sato, J. Pharm. Soc. Japan, 1928, 48, 
No, 660, 117). Naringenin is reduced b}* 
hydrogen in tho presence of palladium to 
phlorotin {j5-p-hydro.vj’phonylpropionj'lphloro- 
glucinol) (Franck, Chem. Zentr. 1014, II, 253; 
Rosonmund and Rosonmund, Z.c.). 

From tho bark of tho peach, Shinoda and Uyeda 
(J. Pharm. Soc. Japan, 1929. 49, 97) isolated a 
compound apparently identical with naringenin. 

E. J. C. 

NARRAWOOD {Plcrocarpus spp.), a well- 
known Philippine wood, is classified with 
Sanderswood {Ptcrocetrpus santalinus Linn.), 
Barwood {Baphia nitida Lodd) and Camwood 
(variety of Baphia vitida) under the name “ in- 
soluble red ” woods, so called on account of tho 
sparing solubility in water of tho resinous 
colouring matters which thej- contain and to 
distinguish them from tho “ soluble red ” woods 
of tho typo of logwood. 

By extracting narrawood with alcohol, the 
colouring matter, narriv, is obtained ns a dark 
red amorphous powder decomposing at 180°, 
readily soluble in alcohol, insoluble in chloro- 
form (Brooks, Philippino J. Sci. 1910, 5, A, 
448). Narrin forms a copper salt of composition 
(CijH i.nOc)2C>J on fusion with alkali gives 

pMoroglucinol and resorcinol. Bj' slow oxida- 
tion with permanganate vanillin" is produced, 
and when distilled -with zinc dust narrin yields 
a small amount of resorcinol dimethyl ether. 
According to Brooks, narrin is not identicai 
with the santalin of sanderswood. 

Tho dyeing properties of narrin are siniUar to 
those of santalin, but tho shades produced are 
not very fast to soap. 
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The “ insoluble red ” woods invariably con- 
taiu the colourless constituents jiterocarpin, 
Ci6Hii04(OMe), m.p. 164-5°, and homo- 
pterocarpin, Ci5Hio02(OMe)2, m.p. 87°, of 
which the latter is the more abundant. Homo- 
pterocarpin, which is devoid of hydroxyl or 
‘carboxyl groups, is converted by catalytic re- 
duction into Z-dihydrohomopteroca^in contain- 
ing a phenolic group, and this on oxidation gives 
rise to 7-methoxychroman-3-carboxylio acid. 
Homopterocarpin is considered to be 4:2'- 
oxido-7:4'-dimethoxyi«oflavan (I) and I-dihydxo- 
homopterocarpin 2'-hydroxy-7 ;4'-diinethoxyiso- 
flavan. To pterocarpin, formula (II) is ascribed 



II. 


(Dieterle and Leonhardt, Arch. Pharm. 1929, 
267, 81 ; Leonhardt et al., ibid. 1935, 273, 53, 
447 ; Eaudnitz and Perhnann, Ber. 1935, 68 [B], 
1862 ; McGookin, Robertson, and 'l^alley, 
J.C.S. 1940, 787 ; Spath and Schlager, Ber. 
1940, 73 [B], 1). 

E. J. C. 

N ASUN 1 N, the colouring matter of the egg- 
plant {Solanum melogena L. var. erculentum 
Ness), is considered to be a p-hydroxycinnamoyl 
derivative of a delphinidin-3-bioside, the acyl 
group being attached to the biose residue. It is 
thus closely related structurally to violanin 
(Kuroda and Wada, BuU. Chem. Soc. Japan, 
1936, 11, 272), 

Cl 



iijHjoOg.O.CO.CH :CH.C5H4.0H 
W. B. 

NATROdAROSITE (v. Vol. VII, 81a). 

NATROLITE. One of the commonest 
members of the zeolite family of hydrous silicate 
minerals. Its composition is 

Nn2Ai2Si30jQ,2H20, 

and it crystallises in the monoclinic system, 
though with very close approximation to ortho- 
rhombic symmetry. Crystals are sometimes 
slender prismatic and almost square in cross- 
section, but are usually acicular to fibrous, 
whence -the colloquial name “needle zeolite.” 


The mineral has perfect prismatic cleavage, a 
hardness of about 5, and p 2-25. It is generally 
colourless or white, but may be tinted yellow to 
red, and has a vitreous lustre. Like the 
“ artificial zeolites ” used in water-softening, 
natrolite has high base-exchange capacity and 
electrical conductivity. The natmal mineral 
is typically found as radiating acicular groups 
in the steam-cavities of basalts. 

Reference. — M. H. Hey, Min. Mag. 1932, 23, 243. 

D. W. 

NATRON . A mineralogical term (from the 
ancient virpov, soda) for the hydrated sodium 
carbonate, Na2CO3,10H2O, crystallising in the 
monoclinic system. Since this hydrate crystal- 
lises only at temperatures below 20°, it is only 
under exceptional conditions that it is likely to 
be found in the natron or soda lakes of desert 
regions ; and if formed it would soon effloresce 
into the monohydrate, NagCOg.HgO, known as 
thermonatrite. According to Dana it exists 
only in solution. The native soda met with in 
the regions of natron lakes consists for the most 
part of the salt Na2C03,NaHC03,2H20 
known as trona, together with thenardite 
(NagSOA and halite (NaCl). 

L. J. S. 

NATURAL COUMARINS. The natural 
coumarins are lactones derived from the 
naturally occurring parent substance coumarin 
(I) (v. Vol. Ill, p. 412a) which has been found in 
75 different botanical species. Many of its 
simple derivatives are present in plants as 
glucosides whilst others, together with the more 
complex coumarins, have only been extracted 
in the free state, although it has been suggested 
that many of them may also be combined with 
glucose. Hitherto no coumarin glycosides have 
been detected. 

The natural coumarins fall into three main 
classes : 

I. The simple coumarins derived from 
coumarin : 


CH 



O 


II. The furanocoumarins. 

(a) Derivatives of psoralene, 2':3':7:6-furano- 
coumarin : 



(6) Derivatives of aiigelicin, 2':3':7:8-furano- 
coumarin : 
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Acetoacetic ester or malonic ester may also be 
used (see Chakravarti, Proc. Nat. Acad. Sci. 
India, 1939, 5, 235 ; Shah, ibid., p. 243. These 
two papers give a general accomit of the 
synthetical methods employed in coumarin 
formation, and the first contains a bibliography). 

Aculeatin, CisHibOb, 6:7-dimethoxy-6- 


MeoC— CH— CHg- 


coumarin (the positions of substituents in the 
benzene ring are not stated, but cf. Toddalo- 
lactone). Pound in Toddalia aculeata Pers., 
m.p. 113°, [a]^ +16-8° in EtOH (see Dutta, 
J. Indian Chem. Soc. 1942, 19, 426). 

Aculeatin Hydrate v. Toddalolactone. 

>Esculetin, cichorigenin, esculetin, .6:7-di- 
hydroxycoumarin, occurs as the 6-glucoside, 
tesculin, C^bHibOb,! JHaO, m.p. 205° decomp.; 
[a]^ —146° in MeOH ; methyl ether, m.p. 226° ; 
penta-acetyl deriv., m.p. 130°. It is also found 
as the 7-glucoside, CibHjb0b,2H20, cichoriin, 
in Oichorium intybus Linn., m.p. 216°; methyl 
ether, m.p. 218° ; penta-acetyl deriv., m.p. 217- 
218°. Both glucosides yield the same aglucone, 
sesculetin, on acid hydrolysis and this sub- 
stance also occurs in .^sculus pavia Linn, and 
various Praxinus species. Msculetin, 


m.p. 276°, soluble in hot water with blue 
fluorescence; Q-methyl ether v. Scopoletin ; 7- 
methyl ether, m.p. 185° {acetyl deriv., m.p. 164- 
166°). Dimethyl ether, m.p. 146° ; diacetyl 
deriv., m.p. 133-134° (see Head and Robertson, 
J.C.S. 1939, 1266 ; 1930, 2434; Macbeth, t6id. 
1931, 1288 ; Seka and Kallir, Ber. 1931, 64 [B], 
622; Merz, Arch. Pharm. 1932, 270, 476). 

>!Esculin v^ j^sculetin. 

Ammoresinol, C24H3BO4, 4:7-dihydroxy-3- 
IVIegC : CHICCHjla • CMe : CH}2 • CH 2" couma- 
rin, m.p. 109° ; diacetyl deriv., m.p. 102- 
103°; dibenzoyl deriv., m.p. 75° (see Raudnitz 
el al., Ber. 1936, 69 [B], 1956 ; Spath and 
Zajic, ibid., p. 2448). 

Aurapten, CibHjbO^, 7-methoxy-8- 

Me2C— CH— CH2- 

V 

coumarin, a fish poison extracted from orange 
peel, m.p. 98°, [a]^“ -33-4° in EtOH. Boiling 
20% H2SO4 gives isoauropfen, m.p. 66° (see 
Bohme and Schneider, ibid. 1939, 72 [B], 780). 

Ayapanin v. Herniarin. 

Ayapin, C4BHg04, 6:7-methylenedioxycou- 
marin, m.p. 231-232° in vac. (see Spath et al., 
ibid. 1937, 70 [B], 702 ; Bose and Ghosh, 
Current Sci. 1936, 5, 295). 

Chrysatropic Acid v. Scopoletin. 

Cichorigenin v. jSsculetin. 

Cichoriin v. Mscnletin. 

Citropten, C44H4g04, limettin, 6;7-dimeth- 
oxycoumarin. Occurs in essential oil of limes, 
other Citrus species and Zanthoxylum setosum 
Hemsl., m.p. 147-5°, soluble EtOH,CgHg, with 
violet fluorescence (see Heyes and Robertson, 
J.C.S. 1936, 1831 ; Nakazawa, J. Pharm. Soc. 
Japan, 1935, 55, 788). 


Daphnetin, 7:8-dihydroxycoumarin. Occurs 
as the 7-glucoside, daphnin, CiBHjgOg.ZHjO, 
m.p. 228-229°, [a]“ -114-66° in MeOH. 
The aqueous solution has a bitter taste. It is 
also present in Arthrosolen polycephalus C. H. 
Mey, as a glucoside, CigHjgOg (position of 
glucose residue not determined), m.p. 197-198°. 
Both glucosides, on acid hydrolysis, yield 
daphnetin, CgH pale yellow needles, m.p. 
256°; dimethyl ether, m.p. 119-121°; diacetyl 
deriv., m.p. 137° (see Hattore, ibid. 1930, 50, 
539; Gardini, Gazzetta, 1940, 70, 611) 

Daphnetin Glucoside v. Daphnetin. 

Daphnin v. Daphnetin. 

Esculetin v. JSsculetin. 

Fabiatrin v. Scopoletin. 

Fraxetin, 7:8 - dihydroxy - 6 - methoxycou- 
marin. Present in the ash and in Msculus 
turbinata Blume, as the 8-glucoside, fraxin, 
C16H18O40.3H2O, yellow needles, m.p. 205°. 
AUraliiie solution has a blue-green fluorescence. 
Acid hydrolysis yields fraxetin, CigHgOg, 
yellow plates, m.p. 237°; 1 -methyl ether v. 

Fraxidin ; 8-methyl ether v. isofraxidin ; di- 
methyl ether, m.p. 103-104° (see Simada, J. 
Pharm. Soc. Japan, 1937, 57, 618; Spath and 
Dobrowolny, Ber. 1938, 71 [B], 1825; Wessely 
and Demmer, ibid. 1929, 62 [B], 120)’. 

Fraxidin, Cj^H^gOg, fraxetin, 1-methyl ether, 
8-hydroxy-6:7-dimethoxycoumarin, m.p. 196- 
197° (see Spath and Sienkiewiczowa ibid. 

1937, 70 [B], 1672). 

Fraxin v. Fraxetin. 

Fraxin ol -hydroxy-6:7-dimeth- 

oxycoumarin, m.p. 172-173° ; methyl ether, m.p. 
76-77° ; acetyl deriv., m.p. 140-141° (see Spath 
and Sienkiewiczowa, ibid. 1937, 70 [B], 698). 

Gelseminic Acid v. Scopoletin. 

Herniarin, CjgHgOg, ayapanin, 7-methoxy- 
coumarin, umbelUferone methyl ether. Occurs 
in the leaves of Herniaria hirsuta Linn, and in 
Eupatorium triplinerve Vahl. {E. ayapana 
Vent.), m.p. 118-119°, soluble in cone. HgSOg 
with blue fluorescence; oxime, m.p. 138°; 
phenylhydrazone, m.p. 115° (see Bose and Boy, 
J. Indian Chem. Soc. 1936, 13, 580; Dey et al., 
ibid. 1935, 12, 140). 

Hydrocoumarin, CgHgOg, melilotic lactone, 
mdilotin, melilotol, 3-.4-dihydroooumarin. Pre- 
sent in Melilotus officinalis Lam., m.p. 25°, 
b.p, 272° (see Palfray, J. Amer. Chem. Soc. 1941, 
63, 3541). 

isoFraxidin, CiiH^qOb, fraxetin, 8-methyl 
ether, 7-hydroxy-6;8-dimethoxycoumarin, m.p. 
148-149° (see Spath and Dobrowolny, Ber. 

1938, 71 [B], 1831). 

Limettin v. Citropten. 

Melilotic Lactone v. Hydrocoumarin. 

Melilotin v. Hydrocoumarin. 

Melilotol V. Hydrocoumarin. 

Osthenol, C44H44O3, 7-hydroxy-8-yy-di- 
methylallylcoumarin, m.p. 124-125°. Shows a 
green-blue fluorescence in alkali. For methyl 
ether v. Osthol (see Spath and Bruck, ibid. 1937, 
70 [B], 1023). 

Osthol, C^gHj^gOg, osthenol methyl ether, 7- 
methoxy-8-yy-dimethylallyIcoumarin. Occurs 
in Peucedanum oslruthium Koch., m.p. 85°, b.p. 
145-150° (see Haller, and Acree, J. Amer. Chem. 
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Soc. 1934, 56, 1389; Spath and Brack, Ber. 
1937, 70 [B], 1023; Butenandt and Marten, 
Annalen, 1932, 495, 187). 

Ostruthin, CigHgoOg, 7-hydroxy-6- 
MeaCiCH-ECHala-CMetCH-CH „ - coumarin, 
m.p. 119° ; methyl ether, m.p. 65° ; acetyl deriv., 
m.p. 80° (see Spatk and Klager, Ber. 1934, 
67 [B], 859). 

Scopoletin, chrysatropic acid, gelsemmic 
acid, ^culetin 6-methyl ether, 7-liydroxy-G- 
metlioxy coumarin. Occurs in iSfeopoZia camiolica 
Jacq. and in Mnrraya exotica Linn, as tlio 
glucoside, scopolin, CjgHjgOg, m.p. 218°; 
solublein HoSO^ witlibluefluoresccnce. Asecond 
scopoletin glucoside, fabiatrin, has been ex- 
tracted from Fahia^ia imbricata Ruiz, and Pav., 
Ci6Hi 809,2H20, m.p. 226-227°. Evidence as 
to the identity, or otherwise, of scopolin and 
fabiatrin is lacking except that, on acid 
hydrolysis, both compounds yield glucose and 
scopoletin, C]^oH804, which is also found free in 
Prunus serotina Ehrli.,ithasm.p.205°, is soluble 
in hot EtOH with blue fluorescence; methyl 
ether, m.p. 145°; acetyl deriv., m.p. 177° {see 
Glaser, Axch. Pharm. 1928, 260, 673 ; Seka and 
HaUir, Ber. 1931, 64 [B], 909 ; Head and Robert- 
son, J.G.S. 1931, 1241). 

Scopolin V. Scopoletin. 

Skimmetin v. Umbelliferone. 

Ski mm in v. Umbelliferone. 

Toddalolactone, Cj^gH^oOg, acxdeatin hy- 
drate, 6;7-dimethoxy-6- 

Me2C(OH)-CH(OH)-CH2- 

coumarin, m.p. 132° (160°), [a]^ -l-60'9° in 
CHClg. Obtained from aculcatin by digestion 
with dll. H2SO4 at 100°; diacetyl deriv., m.p. 
127° {see Spath, Dey, and Tyray, Bor. 1939, 
72 [B], 53; Dutta, J. Indian Chom. Soc. 1942 
19, 425). 

Umbelliferone, skimmetin, 7-hydrox5’'cou- 
marin, present in SJeimmia japonica Thunb. as 
a glucoside skimmin, Cj5H4g08,H20, m.p. 219- 
221°, soluble in EtOH with green fluorescence; 
tetra-acetyl deriv., m.p. 183-184° in vac. ; acid 
hydrolysis yields umbelliferone, CgHgOj, m.p. 
223-224° (ivith sublimation), soluble in cone. 
H2SO4 with blue fluorescence; methyl ether v. 
Eerniarin ; acetyl deriv., m.p. 140° {see Bohmo, 
Ber. 1939, 72 [B], 2130 ; Spilth and Ncufeld, 
Rec. trav. chim. 1938, 57, 635). 

Umbelliprenin, C24H30O3, 

7-Me2C:[CH-[CH2]2-CMe]2:CH-CH2-0- 

ceumarin, m.p. 61-63°, occurs in Angelica 
archangelica Lmn. {see Spilth and Vierhanner. 
Ber. 1938, 71 [B], 1667). 

Methylene - bis - 4 - hydroxy - 3 - coumarinyl, 

C49H42O8, 



a hffimorrhagic agent, occurs in spoiled sweet- 
clove hay. It has m.p. 288-289°, gives a red 
colour with FeCig in cyclohexanone ; dimethyl 


ether, m.p. 168-170° ; diacelyl deriv., m.p. 260- 
252° decomp, {see Stahmann, Huebner, and Link, 
J. Biol. Chom. 1941, 186, 613). 

II. EuEAiroooujrAiitNS. 

The furanocoumarins are fish poisons and 
insecticides and are chiefly to bo found in plants 
of the botanical families Rutaceas and Umbcll- 
lifera3. 

Degradation. 

Oxidation of both types of furanocoumarins 
yields furan-2:3-dicarboxj'h'c acid. Compounds 
of type n (o) {see p. 444d) after mothylation also 
give, on oxidation, 4-hydroxj’-6-mcthoxj'!SO- 
phthalic acid : 

HOOCr'''^COOH 



whilst angular compounds of typo II {b) on 
oxidation yield 4-hydroxj'-2-mothoxj'Jsophthalic 
acid : 


HO 




COOH 

OMe 


OOH 


Synthesis. 

The BjTithcsis of the furanocoumarins has been 
achieved : 

1. Ifrom coumaroncs by completing tho o- 
pjTono ring ; 



2. Prom coumarins by completing tho furan 
ring : 

(o) 



+ BrCHj-COOEt 


OMe 
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Angelicin. 


II (a) Derivatives of Psoralene. 

Bergamottin, C21H22O4, bergaptin, bergaptol 
geranyl ether, 

S-WlegC-.CH-CCHjla-CMe-.CH-CHa-O- 
psoralene, m.p. 69-61°. Present in essential oil 
of bergamot. Heated in bigh vacuum yields 
bergaptol (see Spath and Kainrath, Ber. 1937, 
70 [B], 2272). 

Bergapten, CijHgO^, heraclin, bergaptol 
methyl ether, 6-methox3rpsoralene. Occurs in 
essential oil of bergamot, in Ruta graveolens 
Liim. and in Seseli indicum Wight and Am., 
m.p. 191° (see Howell and Robertson, J.O.S. 
1937, 293 ; Spath el al, Ber. 1937, 70 [B], 478). 

Bergaptin v. Bergamottin. 

Bergaptol, CiiHaOs, 6 -hydroxypsoralene. 
Occurs in essential oU of bergamot, m.p. 282°. 
Methyl ether v. bergapten. Oeranyl ether v. 
bergamottin {see Spath and Kainrath, ibid. 1937, 
70 [B], 2272). 

Byakangeiicin, CijHjgOj.HjO, 6-(or 8)- 
m6thoxy-8(or 5)-Me2C(0H)CH(0H)'CH2-0- 
psoralene. — Extracted from the root of Angelica 
glabra Makino. Used as the drug “ byakusi.” 
Pale yellow crystals, m.p. 125-126°, [a]“ 
+24-62° in pyridine. Diacetyl deriv., m.p. 
118-119° {see Noguchi, Fugita, and Kawanami, 
ibid. 1938, 71 [B], 344). 

Byakangelicol, CijHigOg, 5-methoxy-8- 

MeaC— CH— CH,— O- 

V 

psoralene. Occurs in the root of Angelica 
glabra Makino, m.p. 106°, [a]i, +34-77° in 
pyridine (see Noguchi, Fujita, and Kawanami, 
ibid. 1938, 71 [B], 344 ; Noguti and Kawanami, 
J. Pharm. Soo. Japan, 1939, 59, 755). 

Fiscusin v. Psoralene. 

H e ra c i i n v. Bergapten. 

Imperatorin, 046114404, marmdosin, xantho- 
toxol-yy-dimethylallyl ether, 8-yy-dimethylallyl- 
oxypsoralene. Occurs in the fruit of Aegle 
marmelos Correa and in Angelica glabra 
Makino, m.p. 102-103° (see Spath et al., Ber. 
1937, 70 [B], 1021). 

/s(H mperatorin, C16H44O4, bergaptol yy- 
dimethylallyl ether, 5--)/y-dimethylallyloxypsora- 
lene, m.p. 109° {see Spath and Dobrovolny, ibid. 
1939, 71 [B], 52).. 


/soPimpinellin, C43H40O6, 5:8-dimeth- 
oxypsoralene. Occurs in Seseli indicum Wight 
and Am., m.p. 151° (see Spath and Vierhapper, 
Monatsh. 1938, 72, 179; Noguchi, Fujita, and 
Kawanami, Ber. 1938, 71 [B], 344). 

Marmelosin v. Imperatorin. 

Nodakenetin, C44H44O4, 4':5'-dihydro-6'- 
Nle2C(OH)-psoralene. Occurs as a glucoside, 
nodakenin, C2oH2402,H20, m.p. 218-219°, 
[ajjj +56-6° in water. Acid hydrolysis yields 
nodakenetin, m.p. 192° (185°), [aju -22-4°; 
acelyl deriv., m.p. 130° (see Arima, &ill Chem. 
Soc. Japan, 1929, 4, 113 ; Spath and Tyray, 
Ber. 1939, 72 [B], 2089). 

Nodakenin v. Nodakenetin. 

Ostruthol, C24H22O7, 

5-MeCH:CMe-CO-O-CIVIea-CH(OH)CH20- 
psoralene, m.p. 137°, [ajjf -18-3° in pyridine; 
aeetyl deriv., m.p. 125° (see Spath and Christiani, 
ibid. 1933, 66 [B], 1150). 

Oxypeucedanin, C46H44O5, 

S-MeaC— CH— CHa— O- 

V 

psoralene, m.p. 142-143°; hydrate, m.p. 134° 
(see Spath and Klager, ibid. 1933, 66 [B], 914). 

Peucedanin, C46H 14O4, 4' -methoxy-6'-rso- 
propylpsoralene, m.p. 109° (96°). Inhibits fer- 
mentation (see Spath and Klager, ibid. 1933, 
66 [B], 749). 

Phellopterin, C4,H4606, 6-methoxy-8- 
MejCiCH-CHa’O-psoralene. Occurs in An- 
gelica glabra Makino and Phelloplerus littoralis 
Benth., m.p. 102° (see Noguti and Kawanami, 
J. Pharm. Soc. Japan, 1941, 61, 77). 

Psoralene, C44H6O3, ficusin [H (a)], m.p. 
171° (162°) (see Spath et al., Ber. 1937, 70 [B], 
73). 

Xanthotoxin, C42Hg04, xanthotoxol methyl 
ether, 8-methoxypsoralene. Occurs in the seeds 
of Angelica archangelica Linn., m.p. 146° (see 
Spath and Pailer, ibid. 1936, 69 [B], 767). 

Xanthotoxol, C44H6O4, 8-hydroxypsora- 
lene, m.p. 252-253°. Methyl ether v. xanthotoxin 
{see Spath and Vierhapper, ibid. 1937, 70 [B], 
248). 

An unnamed coumarin, C43H8O4, m.p. 183- 
184°, occurs in the fruit of Seseli indicum 
Wight and Am. It is probably a methoxy- 
psoralene (see Bose and Gnha, Sci. and Cult. 
1936, 2, 326). 

II (6) 2':3':8:7-Furanocoumarins. 
Derivatives of Angelicin. 

Angelicin, C44H6O3, isopsoralene, m.p. 142° 
(see Spath and Pailer, Ber. 1935, 68 [B], 940; 
J^ois and Manjunath, ibid. 1937, 70 [B], 431). 

Athamantin, CjjHgoOj, m.p. 59-60°, [a]^ 
+96°in MeOH, 




+ CHj,(CN)COOH 
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Occurs in Peucedanum oreoselinum SIoencL. dimethyl-2':3':7:6-, (6) 6':G'-dimethyl-2':3'5:6- 
(Athamanta oreoselinum Linn.) (sec Spatli or (c) 6':6'-diniethyl-2';3':7'8-pyrenocoumarm5 
et ah, ibid. 1940, 73 [B], 709, 1309). (see p. 44oa). „ ^ . 

/soBergapten, C^HgO^, S-methojyangeli- Tlieso compounds are also fish poisons and 
dn, m.p. 224° (see Spath and Kuhiczek, i&id. insecticides. 

1934, 70 [B], 1253). _ 

isoPsoralene v. Angdicin. _ e^yntnes-is. 

Pimpinellin, CigH^oOg, 5:6-dimethoxy- i. I^om a chroman derivative by com- 

angelicin, m.p. 119° (see Wessely and Kallab, pleting the a-pyrono ring ; 

Monatsh. 1932, 59, 161). 

Sphodin, Ci 2 Hg 04 , C-methosyangelicin. Oc- / ^ 

curs in Hcradeum sphondylium Idnn., m.p. ^CHO 

189-191° (see Spath and Schmid, Ber. 1941, | + CHj(CN)'COOH 

74 [B], 595). Me,Cv JOH 

Sphondylin, CjjHgO^.methoiyangelicin (?). 

Occurs in Eeradeum sphondylium Linn., m.p. 

161-163° (see Spath and Schmid, ibid. 1941, 

74 [B], 595). 

Oroselone and Oreoselone. 

A few degradation products of natural cou- 
maiins have been described in the literature 
which have not, so far, been found in plants. 

Two different substances have been given the 
name “ oreoselone.” Spath now proposes to call 
one of them " oroselone.” 

1. Oreoselone, Cj 4 Hi 204 , a psoralene deriva- 
tive, 

nc. ^ ^ ^ 


“ I 



IVle„HC- 


HC.^ 


obtained firom peucedanin by acid hydrolysis, 
m.p. 177-178° (see Spath, Platzcr, and Schmid, 
ibid. 1940, 73 [B], 709 ; Bruckliausen and Hoff- 
mann, ibid. 1941, 74 [B], 1584). 


Me,Cv^ 


Dlhydroxantliylclin. 

2. From a coumarin derivative by addition of 


aTangelicin deriva- ^ to complete the p>-ren 
CH:C*CMe,OH -f 


CH2:CMeL 


)Me 


obtained from athamantin by acid hydrolysis, 

m.p. 188-189° (see Spath d al., ibid. 1940, 73 TBl, 
709). Jr 

m. The Pykekocohmaeixs. 


O OMe O 

Luvangetln. 


^e p^nocoumarins are few in number and Angular compounds of types m (b) and (c) 
all the known natural products are (a) 6':6'- have also been synthesised by similar reactions. 


-{- MboCO 


Degradation of Pyrenocoumarins. 

OMe 


Alk-ali 

< 

fission. 


Xanthoxyletin 

MejS 04 |-}-aIkali. 


OHCi 

HO 


OMe 

^,CH;CHCOOH 


VoL. vm. — ^29 



450 


NATURAL GOUMARINS. 


TTT (a) Derivatives of Xanthyietin. 

Luvangetin, C1BH14O4, 8-methoxyxanthyle- 
tin. Ocotirs in iMvimga scandens Buch-Ham. 
and in Pimpinella saxifraga Lmn., m.p. 108— 
109° (see Spath and Schmid, ibid. 1941, 74 [B], 
193). 

Xanthoxyietin, C15H44O4, xanthoxyhn N, 
6-methoxyxanthyletin, m.p. 133°. Cone. H2SO4 
gives a red solution (see Robertson and Subra- 
manian, J.O.S. 1937, 286 ; Dieterle and Kruta, 
Arch. Pbarm. 1937, 275, 46). 

Xanthoxylin N v. Xanthoxyietin. 

Xanthyietin, C44H42O3, m.p. 128-128-6°. 
Dissolves in cone. H2SO4 with orange-red 
colour (see BeU, Bridge, Robertson, and Subra- 
manian, J.C.S. 1937, 1542 ; Spatb and Hellel, 
Ber. 1939, 72 [B], 2093). 

Ill (6) Derivatives of Pyrenocoumarin. 

Alloxanthoxyletin, C45H44O4, 7-metboxy- 
6':6'-dimetbyl-2':3':5:6-p3rrenocoumarin. Occurs 
in. Knall amount in the back of ZcLuthoxylim. 
americanum Mill., m.p. 116-6°. Cone. H2SO4 
gives an orange solution changing to orange-red, 
bright red, and finally colourless on warming 
(see Robertson and Subramanian, J.C.S. 1937, 
1545). 

Ill (c) Derivatives of Seseiin. 

Seseiin, C44H420g, occurs in Seseli indicum 
Wight and Am. and Shimmia japonica Thunb., 
m.p. 119-120° (see Spatb and Hillel, Ber. 1939, 
72 [B], 963). 

A. McG. 

NATURGIFTSTOFF (v. Vol. UI, 434c). 

-NATURLAB" (v. Vol. IV, 316c). 

N EAT’S FOOT O I L is usually obtained in 
England by boiling out the fatty glands from 
the feet of cattle. The feet are scraped, washed, 
the hooves cut off and after removal of the hair 
are boiled with water in steam -jacketed pans. 
The oil which rises to the top is skimmed off 
and allowed to settle in a warm place, being^ 
sprinkled with salt to aid the separation of the 
water. The oil is then washed with water to 
remove gluey substances, and filtered. After 
long standing in the cold, a small quantity of 
stearin is deposited, the best types of oil being 
obtained by decanting the clear liquid from the 
stearin. Commercial oils of European origin 
frequently consist of genuine neat’s foot oil 
together with oil from sheep and horses’ feet. 

Neat’s foot oil is obtained on a larger scale as 
a by-product of the meat-packing industries of 
North and South America. The feet are taken 
directly from the slaughter houses, washed 
clean, and sawn off into suitable sizes, thus 
allowing for the possibility of separating the 
shin bone from the feet proper, which yield 
genuine neat’s foot oil whereas the composition 
of the oil obtained from the shin bone approxi- 
mates to that of the bone-marrow fat of the 
animal from which it is taken. In American 
practice, however, it is more usual to boil the 
shin bone together with the feet, after removal 
of the hooves, thus producing an oil of higher 
setting-point than that obtained from the feet 
alone. The whole process is completed in the 
shortest possible time as otherwise an oil of dark 


colom' and unpleasant odour is obtained. The 
oil is skimmed off as in the English practice and 
filtered through a fine wire screen to remove 
most of the water and is then run into vessels 
fitted with closed steam cods. Passing steam 
through the cods serves to coagulate the organic 
impurities and to remove the remainder of the 
water from the oil, which is then filtered. 

The open-boding process recovers approxi- 
mately half the oil, and is unsuitable for old and 
putrid bones on account of the lower yield, and 
of the offensive odour emitted from the vats. 
A higher yield is obtained by treating the feet 
in autoclaves with open steam at 2-3 atm. 


pressrue. 

Neat’s foot od is a pale yellow, limpid liquid 
having the following average characteristics: 
Pj® 0-916-0-920, 1-468, setting point —4° 

to -f4°, saponification value 192-197, iodine 
number 67-73, unsaponifiable matter 0-l-0-6%, 
viscosity (Redwood) 70 seconds at 140°i'., 
43 seconds at 200°!’., free fatty acids as oleic 
0-1%. The oil has been stated (Echart, them. 
Umschau, 1923, 30, 53) to contain oleic 76, 
palmitic 17-18, and stearic acid 2-3%, whde 
a more recent analysis (Cuypers, Chem.-Ztg. 
1930, 54, 30) showed that a crude American od 
contained linoleic 3-5, oleic 60, palmitic and 
stearic acids 31%, whereas de-stearinated 
samples contained up to 9% Unoleio acid. 

The highest grades of neat’s foot od, after 
ehiding and separating from deposited stearin, 
are used as a lubricant for deUcate machinery, 
and for treatment of hides and skins in the 
manufacture of high-grade leather. Neat’s foot 
od is also extensively sulphonated, the product 
being used in large quantities for leather 


dressing. 


M. L. M. 


NEGRETEIN, Negress potatoes extracted 
by means of methyl-alcoholic hydrogen chloride 
afford a solution from which ether precipitates 
a mixture of two anthocyanins, Negretein and 
Tubefin. Hydrolysis of negretein by means of 
10% sodimn hydroxide at 0° yields negretin and 
yj-hydroxycinnamic acid. Negretin hydrolysed 
by short boiling with 20% hydrochloric acid 
affords malvidin chloride, glucose, and iso- 
rhodeose. Negretein is therefore regarded as 


Cl 


HO, 



O-CjaH o02-CO-CH:CH-CoH4,OH 


(Chmielewska, A, 1936, 480). ^ ^ 

nemalite (u. Vol. n, 1195). 

nematic substances (v. Vol. VII, 
354d). 

‘‘NJEMBVTAU’ . Sodium 5-6thyl-5-a-methyl- 
butyl barbiturate. Sedative, h3rpnotic, and 
anmsthetic. B.P.G. (v. Synthetic Drugs). 

S. E. 

NEOANTIMOSAN ( v . Vol. I, 439a, and 
Synthetic Drugs). 

S. E. 



NEODYMIUM. 


NEOARSPHENAMINE. (Mainly) sodium 
3:3'- diamino - 4:4' - diliydroxyarsenobenzene-N- 
methylenesulplioxylate. “ Neo - salvarsan ’ ; 
“ Novarsenohilloyi.” Used in treatment of 
syphilis. B.P., B.P.C. (t;. Vol. I, 492a, and 

Synthetic Drugs). „ ^ 

S. E. 

NEODYMIUM. Sym. Nd. At. no. 60. 
At. irt. 144-27 (Honigschmid, Naturwiss. 1937, 
25, 701) ; determined by comparison iritb pure 
silver, the previously accepted value of 144-20 
obtained by Baxter, Wbitcombj Stewart, and 
Chapin (J. Amer. Chem. Soc. 1916, 38, 302) thus 
being confirmed; see also J.C.S. 1939, 351. 
Isotopes : Aston detected five isotopes by mass 
spectrographic analysis (Nature, 1933, 132, 930). 
They are of the following masses, given in order 
of abundance: 142, 144, 146, 143, 145, from 
which a value of 143-5 was obtained for the 
atomic weight. Later Dempster detected iso- 
topes of masses 148 and 160 (Physical Rev. 
1937, [ii], 51, 2S9). which leads to a calculated 
atomic weight of 144-29 (Mattauch and Hauk, 
Naturwiss. 1937, 25, 780). 

Neodymium is a metallic element and a 
member of the cerium group of rare earths. 
Chemically it is very similar to lanthanum and 
praseodymium, separation from the latter being 
exceedingly difficult. 

Sources. — ^Except for cerium, neodymium is 
the most abundant of the rare-earth elements. 
It occurs in almost all of the cerium ores, of 
which the most common are those named below. 
Gerite, Ce3(Ca,Fe)H2Si30i3, chiefly from 
Sweden, was the principal source before the dis- 
covery of monasite^and, (Ce, Y) P04,Th On.Si O,, 
occurring chiefly in Brazil, Carolina, Bohemia, 
Australia, and the Urals; monazite is also 
known as mengite, urdite, and edicarsite. Orthite, 
aJ?ani(€,orxaji<^orifr,(Cu,Fe)g(AI,Ce) 3 HSi 30 i 3 , 
contains 10-20% of rare-earth oxides, chiefly of 
the cerium group. Radioactive monazite sand 
was discovered in Japan (Shibata and Kimura, 
Japan. J. Chem. 1923, 2, 1), containing NdoOj 
20, 06303 20, and Dy203 3-5%. A crystaflino 
variety with a somewhat lower neodymium 
content was also found. Neodymium is also 
found in Norway, Canada, and Madagascar. 

Extraction and Separation. — ^The finely 
ground ore is attacked by concentrated hydro- 
chloric or sidphuric acid, and the aqueous extract 
treated with hydrogen sulphide to remove lead, 
copper, tin, bismuth, and similar metals. 
Alternatively, the ore may be fused with potas- 
sium bisulphate or sodium hydroxide, and the 
melt then digested with acid. Boiling oxalic 
acid solution is then added slowly to the boiling 
extract, gi'rag a precipitate of the crude 
oxalates. Zirconium and thorium are removed 
by repeated treatments with boiling ammonium 
oxalate solution in which the rare-earth oxalates 
are almost insoluble. If large quantities of 
thorium are present, the neutral or very slightly 
acid solution of crude rare-earth salts may 
be treated with hydrogen peroxide, which 
precipitates an insoluble per-compound of 
thorium. 

(fres containing relatively large quantities of 
mobmm or tantalum are fused with potassium 
bifluoride, or treated with hydrofluoric acid to 


extract these metals as their soluble fluorides or 
complex fluorides. 

The crude oxalates are usually separated into 
the cerium, terbium, and yttrium groups by the 
James method; the dried oxalates are mixed 
with a small quantity of concentrated sulphuric 
acid, and the anhydrous sulphates then formed 
are dissolved in ice-cooled water. Solid sodium 
or potassium sulphate is added slowly to precipi- 
tate the least soluble sulphates, i.c., those of the 
cerium group. The separation is not sharp and 
the sulphates of the terbium group begin to 
precipitate before the precipitation of the cerium 
group sulphates is complete. This treatment is 
appUed after preliminary fractional crj-stallisa- 
tion of the nitrates if less than 15% of jdtrium 
cartlis is present; imder such circumstances the 
yttrium earths aro concentrated in the more 
soluble nitrate fractions, and they aro removed 
by the above procedure only when thc3’ have 
become abundant enough to interfere with the 
separation of the cerium group. Cerium is 
easily remoyed by oxidising a neutral solution 
with potassium bromato or permanganate, and 
boiling to precipitate a basic quadrivalent 
cerium salt. 

The remaining elements arc separated bj* 
fractional crj'stallisation (see Rare Earths). 
The double ammonium or magnesium nitrates, 
2NH4N03,Mni(N03)3,4H20 or 
3Mg(N03)2.2Mi”(N03)3,24H20, 
arc gonerall}' used to give a mixture of the 
praseodymium and neodymium salts. The 
fractionation is then continued, using the nian- 
ganeso double nitrates, the praseod^-miuin salt 
being the less soluble. Other methods which 
have been used succcssfull}* to separate these 
two elements are the crj'stallisation of (i) the 
oxalates from nitric acid ; (ii) the double car- 
bonates ; (iii) the wi-dinitrobenzoates ; and 
(iv) the siniplo nitrates from concentrated nitrie 
acid. The fractional precipitation of the chlorides 
by gaseous hj'drogcn clilorido has also been 
adopted. 

Preparation and Properties. — The metal 
is prepared cither bj^ the reduction of the oxide 
or chloride, or by the elcctrolj'sis of a fused 
salt. The elcctrolj'sis of the chloride is usuallj’ 
carried out at high current-density using a finclj’ 
divided carbon cathode (Matignon, Coinpt. 
rend. 1900, 131, 891 ; Sieverts and Rocll, 
Z. anorg. Chem. 1926, 160, 261). The graphite 
cell is usually lined -ivith melj-bdenum or 
tungsten. The effect of emrent densitj' and 
neodymium oxide has been investigated by 
Bfremers (Trans. Electrochom. Soc. 1926, 47, 
360). Trombo describes a miniature coll using 
a molybdenum rod cathode {ibid. 1934, 66, 57) 
and Drossbach (Z. Eloktrochem. 1938, 44, 124) 
has designed a coll with an iron wire cathode for 
the electrolysis of fused 2KCI,NdCl3 at 8C0°c. 
using small currents. Impure neodymium was 
obtained by the reduction of the chloride with 
sodium (Matignon, Compt. rend. 1900, 131, 
837), and Bommer and Hohmann (Z. anorg. 
Chem. 1941, 248, 357), using the method of 
Klemm and Bommer, have prepared pure 
neodymium by reduction of the chloride, m 
vacuo, with potassium. 
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When pure the metal is silver-Trhite, but it 
normally possesses yellow streaks due to slow 
atmospheric oxidation. p^°=6-956 ; at. vol. 
=20-62 c.o. The paramagnetic moment re- 
corded by Trombe (Compt. rend. 1934, 198. 
1691) of 17-8 Weiss magnetons agrees with the 
value obtained for its salts, and also with that 
calculated for the Nd+++ ion, i.e., 18 magnetons 
(Trombe, Ann. Physik, 1937, [v], 7, 385). The 
magnetic susceptibility, which is approximately 
equal to that of praseodymium, europium, and 
ytterbium, is 39-51 X 10-“ C.G.S. units (Trombe, 
Compt. rend. 1934, 198, 1691). An earlier value 
of 36-21x10-® C.G.S. units was recorded by 
Owen (Ann. Physik, 1912, [iv], 37, 666). The 
susceptibility has been discussed theoretically 
by Selwood (J. Amer. Chem. Soc. 1933, 55, 3161) 
and Foex and Fehrenbach (Compt. rend. 1936, 
203, 867). 

The two reduction potentials of —1-870 and 
— 1-960 V. have been determined by Noddack 
and Brukl (Angew. Chem. 1937, 50, 362). 
Neumann and Eichter obtained the normal 
hydrogen electrode potential of 1-748 v. Like 
praseodymium, metallic neodymium has a 
hexagonal close-packed structme, o=3-656 a. ; 
c=5-880 A. ; atomic radius=l-819 a. (Klemm 
and Bommer, Z. anorg. Chem. 1937, 231, 138). 

It was suspected for a long time that neo- 
dymium is weakly radioactive, but it is now 
thought that such activity is due to impurities. 
)3-Radioactive isotopes corresponding to the 
following masses have been prepared by neutron 
or deuteron bombardment of neodymium : 141, 
161, and either 147 or 149. 

Spectra. — The arc spectrum has been in- 
vestigated by Joye (^ch. Sci. phys. Nat. 
Genbve, 1913, 36, iv, 41) and Muthmann, Weiss, 
and Heramhof (Annalen, 1907, 355, 165) ; for 
the spark spectrum, see Exner and Haschek 
(Sitzungsber. Akad. Wiss. Wien, 1899, 108, Ha, 
1071), Azcona (Chem. Zentr. 1941, I, 330), and 
Albertson, Harrison, and McNally (Physical 
Rev. 1942, [ii], 61, 167). 

The absorption spectrum of neodymium salts 
in solution has been the subject of many in- 
vestigations. The 4,691 a. band coincides with 
a band of the praseodymium spectrum. Quill, 
Selwood, and Hopkins (J. Amer. Chem. Soc. 
1928, 50, 2929) have stated that Beer’s law does 
not hold for solutions of the chloride and 
nitrate. Selwood {ibid. 1930, 52, 4308) has 
studied the effect of concentration on the wave- 
length of these bands. Gardiner {ibid. 1926, 
129, 1618) investigated the ultra-violet spectrum. 
For spectra in non-aqueous media, see Jones 
and Guy (Physikal. Z. 1912, 13, 649) ; Jones 
and Anderson (Proc. Amer. Phff. Soc. 1908, 4-7, 
276) ; Jones and Strong (Amer. Chem. J. 1911, 
45, 1; 1912, 47, 27); Schaffer (Physikal. Z. 
1906, 7, 822). 

Uses. — Neodymium and its compoimds are 
used -widely to a very limited extent. The total 
annual consumption is approximately 80 tons. 
The metal is sometimes deposited in the carbon 
cores of arc-light pencils, which produce intense 
white light. A mixture of neodymium and 
praseodymium nitrates is used for stamping 
trade marks on gas mantles and the like. 


Neodymium is present to the extent of 16% in 
“ mischmetaU ” (u. Vol. II, 5166). This alloy 
possesses interesting pyrophoric properties and 
is used -widely in cigarette lighters, flash powders 
tracer bullets, etc. Several alloys of chromium, 
nickel, aluminium, and magnesium, containing 
neodymium, have been patented in the past ten 
years for specific uses. Several of the salts are 
used in glass manufacture and pottery to im- 
part delicate tints. The phosphate imparts a 
rose tint to porcelain, and the oxide a special 
bluish-red colour to glass. The subject is dis- 
cussed fully by Schmidt (Glashiitte, 1941, 71, 
No. 8, 105). 

CoarpouNDS of Neodymium. 

Neodymium is tervalent in all its compounds, 
although oxides approximating to the formula 
NdOj and Nd 40 B have been reported (Brauner, 
Z. anorg. Chem. 1902, 32, 1 ; Marc, Ber. 1902, 
35, 2382). The salts are pink or -violet in the 
solid state, and usually pink in solution, giving 
characteristic absorption spectra {see above). 

Neodymium Oxide, NdgOj. — ^p7-24. A 
clear blue powder -with a pale red fluorescence, 
prepared by heating the hydroxide, oxalate, 
nitrate, or carbonate. It occurs in two forms : 
(a) blue-violet plates belonging to the trigonal 
trapezohedral system, obtained by heating the 
hydroxide or nitrate to l,10()-l,300°c. for 1-2 
hours, and (6) a pseudo -trigonal form prepared 
by heating the hydroxide at l,300°c. for 5 
minutes or the sulphate at l,000°O. for several 
hmms. The oxide is an exceedingly stable 
compound -with a heat of formation of 435 kg.- 
cal. The solubility in water is 6-7 X 10“® g.-mol. 
per 1. at 29°c. Neody mium oxide is readily 
soluble in dilute acids. 

Neodymium Hydroxide, Nd(OH) 3 , is pre- 
cipitated by the action of alkali on neodymium 
salts, as a bluish precipitate, although it has 
been obtained as a rose-coloured product. On 
heating at 300-350°c. greyish-brown 

ZNdgOySHaO 

is formed, which is converted into Nd 203 ,H 20 
at 626°c. The hydroxide, like the oxide, is 
readily soluble in dilute acids. 

Neodymium Fluoride, NdFg, may be ob- 
tained by the action of fluorine on a heated 
neodymium salt, or as a gelatinous precipitate 
by the addition of concentrated hydrofluoric 
acid to a solution of a neodymium salt (Popovici, 
ibid. 1908, 41, 634). 

Neodymium Chloride, NdClj. — ^M.p. 785°, 
p 4-16. Obtained in the dry state by heating 
the hydrated chloride or oxide in hj'drogen 
chloride or by the action of the chlorides of 
sulphur or carbon tetrachloride on the heated 
oxide. The heat of formation is 249-4 kg.-cal. 
The molten salt is green, depositing large violet 
prisms on cooling. The anhydrous salt is very 
hygroscopic and dissolves in water -with a high 
heat of solution (3 kg.-cal.), the resulting solu- 
tion being feebly hydrolysed. The conductivity 
has been studied by Bodlander (Dissert., 
Berlin, 1915, p. 13). The boiling-point of an 
alcohohc solution has been used to determine 
the molecular weight. 
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NdCla.eHjO, p\ 2-282, is obtained from 
aqueous solution. Tbe solubility is very bigb. 
(246-2 g. per 100 g. of water at 13°0.) and the 
salt melts at 124°. 

Ammonia forms several addition compounds, 
with from one to twelve molecules of ammonia 
per neodymium chloride molecule (Matignon 
and Trannoy, Compt. rend. 1906, 142, 1042). 
Alcohol and pjTadine form addition compounds, 
NdCla.SCaHjOH and NdCla.aCBHsN. 

Neodymium Oxychloride, NdOCl, is 
formed by heating the chloride in water vapour 
or in air. The small mauve cubic crystals do 
not melt at l,000°c. 

Neodymium Perchlorate, 

Nd(CI04),6H„0, 

is a very deliquescent violet-rose coloured pro- 
duct obtained by evaporating a solution of the 
osdde in perchloric acid, and allowing the solu- 
tion to stand over concentrated sulphuric acid. 
At 170°o. the anhydrous salt is formed, but 
above 180°o. decomposition takes place. The 
spectrum has been studied fuUy by Selwood 
(J. Amer. Chem. Soe. 1930, 52, 3112). 

Neodymium Bromide, NdBrg, is prepared 
in the anhydrous state by the methods used 
to prepare the clJoridc, the red crystaUino 
product being isomorphous with the clilorido. 
The salt dissolves in alcohol and acetone and is 
slightly hydrolysed by water. The hydrates 
NdBr3,6H20 and NdBr3,9H20, analogous 
to those of praseodymium bromide, are formed. 

Neodymium Bromate, Nd(Br03)3. — The 
anhydrous salt is obtained by heating 
Nd(Br03)3,2H20 at 160°o. ; the dihydrafe 
is formed by heating the hydrate 

Nd(Br03)3,9H20 

to 100°o. The latter forms hexagonal prisms, 
very soluble in water, prepared by evaporation 
of the solution obtained by the addition of 
barium bromate to neodymium sulphate. 

Neodymium Iodide, Ndij. — This is a highly 
exothermic compound prepared by the action 
of hydrogen iodide on neod5'mium chloride near 
its melting-point, or by direct union of the two 
elements. At high temperatures an allotropic 
modification is formed. 

Neodymium Sulphide, NdoSg.— p5-34,mol. 
vol. 72-1 c.c. A brown powder formed by the 
action of hydrogen sulphide on the anhydrous 
chloride or sulphate at 600-1, 000°c. At higher 
temperatures a green vitreous mass results. 
Water readily decomposes the sulphide, but 
heat has no action below 2,200°c. 

Neodymium Sulphite, Nd2(S03)3,aq., is 
produced by passing sulphur dioxide into a 
suspension of neodymium hydroxide in water. 

Neodymium Sulphate, Nd2(S04)3.— Pre- 
pared in the anhydrous state by heating the 
oxide and concentrated sulphuric acid graduallv 
to red heat. It forms rose-coloured needles, 
excee^gly soluble in water. The ionisation 
has been considered by Aufrecht (Dissert 
Berlin, 1904, p. 67) and Bodlander {ibid. 1916, 
P- 33). The crystals decompose at 700-800°o. 
The heat of formation is 67-2 kg.-cal., and tho 
neat of solution 36-5 kg.-cal. Several hydrates 
have been isolated : Nd2(S04)3,6H20 crystal- 
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Uses on evaporating an aqueous solution. It 
loses tho water of crj’’stallisation at 350°o. 
Nd2(S04)3,8H20 is formed by adding sul- 
phuric acid to a solution of neodymium nitrate 
and precipitating with alcohol. The resulting 
red prisms are isomorphous with the correspond- 
ing erbiiun, yttrium, and praseodymium salts. 
Extensive studies have been made on tho solu- 
bility of this salt in water (Reinacker, J.C.S. 
1930, 1687 ; Friend, ibid., p. 1633). Friend has 
attributed a break in tho solubility curve to an 
allotropic modification ; ho has also prepared 
Ndj^SOJj.l BHjO by tho addition of the finely 
powdered octahydrato to dilute sulphiuic acid 
between 0 and 30°c. At ordinary temperatures 
this readily passes into tho octahydrato. 

Neodymium Basic Sulphate, NdjO^.SOg, 
or (Nd0)2S04, prepared by heating the an- 
hydrous salt to S00°c. in air, is a bluish-red 
insoluble powder. 

Neodymium Hydrogen Sulphate, 
NdH3(S04)3.- 

This salt forms clear rose-coloured needles, ver}* 
similar to the corresponding praseodymium salt, 
and is obtained by evaporating a solution of the 
oxide in concentrated sulphuric acid. 

Neodymium Double Sulphates. — ^Tho fol- 
lowng have been prepared -. 

Nd2(S04)3,6K2S04,2H20 ; 

Nd2(S04)3,4K2S04,2H20 ; 

Nd2(S04)3,K2S04,2H26; and 

3Nd(S04)3.2k2S04,8H20. 

Some of these double sulphates show consider- 
able dilTcrenccs from tho corresponding praso- 
odjTuium salts. For example, 

Nd2(S04)3,(NH4)2S04,8H20 

forms beautiful violet crystals, and a similar 
rubidium salt has been isolated. The thallium 
double sulphates have been studied. 

Neodymium Selenide, NdoScj, is formed 
by tho action of hydrogen selenide on the heated 
o.vido or chloride, ns a dark violet powder, in- 
soluble in water. The properties are dis- 
cussed fully by Klcmrn and Kocr.y (Z. nnorg. 
Chem. 1937, 233. 84). 

Neodymium Selenates, Nd2(Se04)3,6H„0 
and Nd2(Se04)3,8H20, are prepared in the 
same way as tho sulphates and aio verv 
similar. There is oridenco for tho existence of 
Nd2(Se04)3,12H„0 (Friend and Round, J.C.S. 
1928, 1820). 

Neodymium Nitride, NdN, is a black 
powder, readily decomposed in humid air witli 
tho liberation of ammonia. It may bo prepared 
by heating the metal at 900°o. or tho carbide at 
l,200°o. in nitrogen. 

Neodymium Nitrate, Nd(N03)3,6H„0 

This hydrate and tho pontahydrate, 

Nd(N03)3,5H20, 

are isomorphous with tho corresponding bis- 
muth compounds. These hydrates aro prepared 
by adding tho oxido to nitric acid and crystal- 
lising tho solution. Many double nitrates aro 
formed. Nd(N03)3,2NH4N03,4H20 forms 
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reddish-violet plates (m.p. 47°c.). In addition 
a series of salts of the general formula 

2Nd(N03)3,2Mn(N03)2,24H20 

has been prepared, where Mn, Co, 

Ni, Zn, or Cu, These have been investigated 
fuUy from the point of view of separating the 
rare earths (Jantsch and Widgorow, ibid. 1911, 
69, 222 ; Prandtl and Ducme, ibid. 1926, 150, 
105 ; Eriend, J.C.S. 1930, 1903). 

Neodymium Phosphates. — NdP04 is 
formed by the fusion of microcosmic salt, 
NH4NaHP04, and neodymium oxide, or by 
the addition of phosphoric acid to neodymium 
sidphate. An acid phosphate and the meta- 
phosphate Nd(P03)3 are also known. 

Neodymium Carbide, NdCj, in the form of 
golden yellow microcrystalline hexagonal plates, 
is obtained by heating a mixture of neodymium 
oxide and sugar charcoal in the electric furnace. 
Water reacts at room temperature to produce a 
mixture of gases, acetylene being the chief 
constituent. 

Neodymium Carbonate, Nd2(C03)3,8H20, 
is obtained when carbon dioxide is passed into 
a solution of a neodymium salt in sodium bi- 
carbonate solution. The hydrate loses six 
molecules of water over concentrated sulphuric 
acid, and the monohydrate is produced at 
100°c. The basic carbonate Nd(0H)C03 is 
formed on boiling a suspension of the carbonate. 
Double salts are formed with potassium, sodium, 
and ammonium carbonates, and thallium double 
carbonates have been reported. 

Neodymium Boride, NdBg. — product 
approximating to this composition has been 
obtained by electrolysing a mixture of neo- 
dymium and boric oxides with some lithium 
oxide and fluoride (Andrieux, Ann. Chim. 1929, 
[x], 12, 473). It forms blue crystals and 
resembles lanthanum boride. 

Neodymium Borates. — Nd2B40g is precipi- 
tated as a reddish-brown powder by the addition 
of borax to a solution of a neodymium salt. 
The orthoborate, NdB03, a violet-red micro- 
crystalline powder, and the compound 
NdiBOjlg, also exist. 

Neodymium Chromate, 

Nd2(Cr04)3,8H20, 

is formed by mixing neodymium oxide with a 
OTn. solution of potassium chromate in the 
minimum quantity of chromic acid. Brownish- 
yellow microscopic needles are formed. 
Nd2(CrO4)3,10H2O is formed by double 
decomposition of neodymium nitrate and potas- 
sium chromate as a voluminous yellow precipi- 
tate. The anhydrous salt is prepared by fusion 
of the anhydrous chloride with potassium 
chromate. 

Neodymium Acetate, 

Nd(CH3-C00)3,H20.-- 

This forms violet-red flakes when the oxide is 
added to excess acetic acid. It is recrystallised 
from water. Many double compounds are 
formed with organic acetates. 

Neodymium Oxalate, Nd2(C2O4)3,10H2O, 
is precipitated by the addition of oxalic acid 
or an alkaline oxalate to a neodymium salt in 


acid or nentral solution. It is a rose-coloured 
salt, relatively insoluble in water (1-48 mg. per 1 
at 25°o.). 

A. J. E. W. and R. E. H. 

NEON. Sym. Ne. At. no. 10. At. rvt. 
20-183 (International Atomic Weight Com- 
mission, 1934 ; Baxter and Starkweather, Proc. 
Nat. Acad. Sci. 1928, 14 , 67, obtained the value 
20-182 from density measurements). Isotopes : 
20, 21, 22, with percentage abundances 90-00, 
0-27, and 9-73, respectively (Bainbridge, Physical 
Rev. 1933, [ii], 43 , 424 ; Vaughan, Williams, and 
Tate, ibid. 1934, [ii], 46 , 329). Neon was the 
first inert element for which the existence of 
isotopes was discovered (J. J. Thomson, Proc. 
Camb. Phil. Soc. 1914, 17 , 201). 

Isolation of Neon. 

After the discovery of helium and argon it 
appeared probable that other gases ryith 
similar properties might exist to occupy vacant 
places in the periodic classification of the 
elements. In 1896 Ramsey and Travers began 
a search for them (see M. W. Travers, “ The 
Discovery of the Rare Gases,” London, 1928). 
In June, 1898, 15 1. of argon, prepared from air 
by chemically removing the nitrogen and 
oxygen, were liquefied by means of a new 
refrigerant, liquid air, supplied by Hampson 
who had just previously succeeded in preparing 
large quantities by throttle expansion of com- 
pressed air. The first portions of the gas which 
boiled off this liquid argon were collected 
separately and examined spectroscopically. 
The spectrum showed the presence of argon, 
helium, and a hitherto unknown gas, which was 
named neon. 

A further quantity of the neon concentrate 
was then prepared in a different manner. A 
Hampson air liquefier was operated in a closed 
circuit, the gas leaving the liquefier being 
returned to the compressor, so permitting a 
continuous concentration of the lighter con- 
stituents in the unhquefied air. Some of this 
latter was condensed under pressure at liquid- 
air temperature, and then allowed to evaporate 
while being thoroughly agitated. The gas 
obtained in this manner was mainly nitrogen. 
After removing the nitrogen chemically, the 
residue was much richer in neon than the 
concentrate obtained from the 15 1. of argon 
prepared a year earlier. The helium-neon- 
argon mixtures obtained by the two processes 
were mixed. 

To isolate the neon, Travers [op. oil.) used 
liquid hydrogen, prepared by himself for the 
purpose in an apparatus also utilising throttle 
expansion. At the boiling-point of liquid 
hydrogen (— 253°o.), the argon and neon in the 
mixture were solidified, but not the helium, 
which has a bofiing -point below that of hydrogen. 
The neon, with an appreciable vapour pressure 
at — 253°c., was pumped away from the non- 
volatile argon, and after refractionation, gave 
the first pure neon ever prepared. Its density 
was found to be between 9-9 and 10-0. 

To determine the amount of neon in air, 
W. Ramsey (“ The Gases of the Atmosphere,” 
London, 1916) admitted a measured quantity of 
air to a bulb containing coconut charcoal, 



cooled to --100°o. A\ ge proportion of the 
oxygen and nitrogen was adsorbed, but not 
tie iei'um and neon. The unadsorbed gases 
were pumped off and treated in the same manner 
with a smaller quantity of charcoal. The gas 
mixture then pumped off, still containing 
nitrogen and oxygen, was mixed ndth excess 
of oxygen and the nitrogen removed by sparldng 
over sodium hydroxide solution. After re- 
moving oxygen by phosphorus, the mixture of 
neon and helium was admitted to a bulb con- 
taining charcoal cooled to — 185°o., when the 
neon was completely adsorbed. The helium 
was pumped off, and when the charcoal warmed 
up the neon was collected and measured. Air 
was thus foimd to contain 12-4 vol. of neon in 
one milh'on vol. of air, with 4*1 vol. of helium. 
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In 1909, G. Claude (Compt, rend. 1909, 148, 
1454) found 16 vol. of neon (and 6 vol. of 
helium) per mi l li on of air, when experimenting 
with a plant treating 360 cu.m, of air per hour. 
Moureu {ibid. 1920, 171, 941) estimated 18 vol., 
and Watson (J.C.S. 1910, 97, 810) gave 18-2 %'o]. 
Recent work by G. H. Cady and H. P. Cady 
(Ind. Eng. Chem. 1945, 17, 7G0) supports the 
value 18 vol. per million. 

The method employed by Claude for the 
extraction of neon and helium on an industrial 
scale is still utilised to-day. In his typo of 
S6p3'Tator the air to he treated enters 
at A (Fig. 1) at a pressure of about 4 atm. and 
nses up the inner tubes, s, which aw siizroanded 
by hqmd oxygen boiling at a pressure a little 
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above atmospheric. Part of the air is liquefied 
and drops back into the vessel 0, this liquid 
having an oxygen content of about 40%. The 
uncondensed gases pass over to the outer tubes, 
where they condense to a liquid containing only 
a few per cent, of oxygon, and which collects 
in vessel n. Neon and helium, with boiling- 
points 63°c. and 86°o. lower than that of 
nitrogen, resist liquefaction and accumulate in 
the vapour above the liquid in vessel n. More 
nitrogen is liquefied on passage up tube E, and 
a further concentration of the raro gases is 
effected by connecting e to a coil immersed in 
the nitrogen-rich liquid coming from D ; this is 
now subjected to a pressure a little above 
atmospheric, after passage through valve f, 
and therefore has a temperature some 12®c. 
lower than tho liquid in d. The liquid nitrogen 
rising in tho coil flows back, and is withdrawn 
through tho valve o. From tho top of the coil 
a gas mixture is withdrawn which may contain 
as much ns 80% of helium-neon. In this mix- 
ture there is always a few per cent, of hydrogen, 
equivalent to 0-6-1-0 vol. per million vol. of 
treated air. Whether this hydrogen is a normal 
Constituent of tho atmosphere, or whether it 
arises from tho oil used as a lubricant on tho air 
Compressor, has not been conclusively deter- 
mined, After removing tho hydrogen chemically, 
the nitrogen content is further reduced by sub- 
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Fig. 2. 


jeeting the mixture at high pressure to a low 
tomporature, produced, c.g., hy liquid nitrogen 
boiling at atmospheric pressure. Finally*, tho 
mixture, having now a small nitrogen-content, 
is separated by adsorption on cooled active 
charcoal, with subsequent fractional desorption. 
Helium and neon are thus isolated in a very pure 
state. Jlinuto traces of impurity render them 
Useless for most of their applications, and great 
Caro has to bo exorcised in maintaining high 
purity. They are usually supplied in sealed 
glass containers at atmospheric pTossnre, having, 
for example, tho form shown in Fig. 2. 

To avoid contamination by tho gases adhering 
to tho glass surface, tho container is heated to a 
high temperature whilst being evacuated, and is 
then washed out with some of tho highly purified 
rare gas before cooling, final filling, and sealing 
off. Tho outlet tube of tho container is closed 
by a thin walled glass partition. Tho container 
is fused to tho user’s equipment at A, and after 
evacuation up to A tho partition is broken by 
Causing tho piece of iron i to strike it on passing 
a current through tho solenoid s. 

PnorEUTiES OF Neox. 

Noon is an inert, colourless, tasteless, odour- 
less gas, which does not condense at the tompora- 
tiiro of liquid air but is solid at tho tomporaturo 
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of liquid hydrogen. The solid forms a face- 
centred, cubic crystal, rvith a lattice constant 
of 4-52 A. The atomic radius, calculated from 
ionisation potentials, is 0-68 a. (Mazunder, 
Z. Physik, 1930, 66, 119). 

The saturation vapour pressure above solid 
neon has been determined by Keesom and 


Haantjes (Physica, 1936, 

2, 460) : 

TCk). 

jj(mm.Hg). 

16-92 

1-07 

16-93 

2-67 

17-97 

6-70 

18-58 

10-71 

19-79 

- 24-88 

20-45 

37-35 


Crommelin and Gibson (Comm. Leyden No. 
1856, 1927) quote data for the vapour pressure 
on which the following figures are based : 

T(°k). p. 

15-46 (solid) 0-55 mm. Hg. 

18-24 7-8 

20-00 28-2 

21- 92 91 

22- 94 148 

24-07 250 

24-60 317 

24- 66 326 

25- 67 461-6 

26- 60 605-2 

27- 24 1-000 atm. 

36-34 7-970 atm. 

44-45 26-86 atm. (critical 

point). 

(More recent data on vapour pressure are given 
in Eev. Mod. Physics, 1941, 13, 310.) 

The gas density was determined by Baxter 
and Starkweather (Proc. Amer, Acad. 1928, 
14, 50). They foimd a value of 0-89990, the 
correction for deviation from Avogadro’s rule 
being given by : 

1-f A=0-99941 (at 0°). 

The density of liquid neon is 1*248 at 24-68^. 
(Kammerlingh-Onnes and Crommelin, Comm. 
Leyden No. 147d, 1916). 

The normal boiling - point is 27*17 °k. 
(— 246-92°o.), and the melting-point (triple 
point) is 24-67 °k. (— 248-52°o.) at 323-6 mm. 
pressure (Crommelin and Gibson, Comm. Leyden 
No. 185b, 1927.) 

The critical temperature of the gas has been 
given as 44-74 °k., and the critical _ pressure 
27-23 atm. (Verschaffelt, Comm. Leyden, 1928, 
17, Suppl. 64d). A later determination (Wool- 
sey, J. Amer. Chem. Soc. 1937, 59, 1677) gave 
44-45 °k. and 26-86 atm., respectively. 

Neon gas has a refractive index of 0-006276 
(for A 6462 a.) with respect to vacuum at O^c. 
(Cuthbertson and Cuthbertson, Proc. Roy. 
Soc. 1932, A, 135, 40). 

The magnetic susceptibility at 20°c. is quoted 
as -7*661-xl0-«,- at -183°c. it is -7-64x10-6 
(Havens, Physical Rev. 1933, [ii], 43, 992). 

The thermal conductivity has been determined 
by Curie and Lepape (Compt. Rend. 1931, 193, 
842), who found a value of 0-0001092 at 0°c., 


with respect to air, a value of 0-0000583 being 
assumed for air. 

Keesom and Lammeren (Proc. K. Akad. 
Wetensch. Amsterdam, 1934, 37, 614) give the 
following figures for the molar specific heat of 
neon gas: 

y(°c). p(atm-) Cp. 

-245-3 1 6-66 

0 . 0-88 4-96 

Keesom and Haantjes (Physica, 1935, 2, 986) 
studied the thermodynamic properties of liquid 
and solid neon. They state that the specific 
heat of liquid is greater than that of 22|\Je, 
whereas this order is reversed for solid neon. 
The atomic heat of fusion of is 1-18 g.-cal. 

greater than that of ^“Ne. The calculated heat 
of fusion is 80 g.-cal, per g.-mol. This agrees 
with the value of 80-1 determined experi- 
mentally by Clusius (Z. physikal. Chem. 1936, 
B, 31, 459). Clusius quotes 3-26 imits for the 
entropy of fusion. 

The heat of vaporisation of liquid neon is 
quoted as 431-47 g.-cal. per g.-mol. at 25-17 °k., 
and 415-31 g.-cal. per g.-mol. at 27-15 °k, 
(Mathias Crommelin, and Kamerlingh-Onnes, 
Comm. Leyden No. 162b, 1923.) The calculated 
value from the Trouton-Nemst equation is 
365 g.-cal. per g.-mol. at 27-17°K. 

The viscosity of neon has been studied by 
Edwards (Proc. Roy. Soc. 1928, A, 119, 378). 
It increases with temperature, and has a value 
of 3,076x10-’ at 15°o. 

Neon gives two main sets of spectra. The 
Ne I system (Paschen, Amer. Phys. 1919, 60, 
405) corresponds to an ionisation potential of 
21-47 V.; it is a singlet-triplet system, consisting 
of 132 series. The strongest lines lie in the 
visible and near ultra-violet. There is also a 
strong accumulation of lines in the orange 
region. The strongest line in the visible region 
is the Z> 5 -line, at 6852-5 a. (yellow). This 
spectrum is used for the detection of neon. The 
Ne n system is a doublet-quartet system corre- 
sponding to an ionisation potential of 40-9 v. 
(Russel, Compton, and Boyce, Proc. Amer. 
Acad. 1928, 14, 280) ; Frisch, Z. Physik, 1930, 
64, 499). 

There is also a possible Ne m system (ionisa- 
tion potential 63-2 v., singlet-triplei^quintet) 
and a Ne rv system (doublet-quartet). Details 
of the spectra are given in H. Kayser, “ Tabellen 
der Haupthnien der Elemente,” Berlin, 1926. 

For neon absorption-lines in stellar spectra, 
see Menzel and Marshall (Cambridge Mass., 
Harvard Coll., Astr. Observatory, reprint 99). 
For the Zeeman effect of neon, see Murakawa and 
Iwana, Sci. Pap. Inst. Phys. Chem. Res. Tokyo, 
1930, 13. 

The dielectric properties of neon have been 
studied by Watson, Rao, and Ramaswamy 
(Proc. Roy. Soc. 1931, A, 132, 669). The di- 
electric constant e is given by (c— 1 ) 25 '>X 10® 
=122-9. Neon has the smallest known value of 
dielectric cohesion, dF/dp (where F=striking 
potential, p=pressure) (Bouty, J. Physique, 
1903, 2, 401 ; Ann. Chim. Phys. 1913, [viii], 28, 
545). This makes it a useful medium for gas- 
discharge tubes. 
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Uses of Neok. 

Neon is extensively used in discharge tubes. 
A neon tube consists of a length of glass tube at 
each end of which a metal electrode is attached. 
It is filled with neon to a pressure of about 
10 mm. of mercury. When a suitable voltage is 
applied across the electrodes a current passes 
through the gas, which glows and radiates light. 
Alternating current is used, the positive column 
starting out from each electrode ; owing to the 
persistence of vision, the discharge presents a 
symmetrical appearance in the tube. High- 
tension current is necessary, the voltage ranging 
from 6,000 to 15,000, and current from 16 to 60 
milliamp., whilst the tubes may be up to 60 ft. 
long. In a clear glass tube the glow is an attrac- 
tive, warm orange-red. TSHien a little mercury 
is present with the neon, the glow becomes blue ; 
it appears green in a yellow glass tube. Such 
neon tubes run cold, and in cold weather the 
vapoiu- pressure of mercury is insufficient to 
maintain the blue colour ; this disadvantage is 
overcome by the addition of argon. Neon tubes 
have a luminous efficiency of 8-16 lumens per 
watt, much the same ns that of a gas-filled 
tungsten-filament lamp. 

If the electrodes arc placed close together, the 
light emitted comes principally from the 
negative glow, the visible positive column and 
anode glow being entirely absent (“ Osgliin ” 
lamp). Such “ negative glow tubes ” are made 
for use as low-power illuminants, ns indicators 
to show whether a circuit is “ live ” or “ dead,” 
as a temperature standard for use with tho dis- 
appearing-filamcnt pjTometor, in sound-film 
recording, etc. They have a neon or helium- 
neon filling and operate on 200-250 v. supplies. 
The property that a discharge tube possesses, in 
virtue of which it remains effectively non- 
conducting imtil tho applied voltage reaches a 
definite value, namely, tho strUung potential, 
permits of its use as a protective dc\ico in 
various electrical cirem'ts. 

Some of tho radiation of low-pressure dis- 
charge-tubes is in tho ultra-violet region, and is 
invisible. Substances exist which are capable 
of transforming idtra- violet radiation into radia- 
tion detectable by tho eye, i.c., of transforming 
“ invisible ” energy into ” visible ” energy. 
Such luminescent substances are used to coat 
the interior walls of discharge tubes, either to 
change the effective colour or to improve tho 
efficiency, and some of them can bo excited by 
neon. Colours, suitable for interior lighting, 
may be produced at efficiencies comparable with 
those of the tungsten lamp. ' j 

Whereas high-tension current is required for| 
cold-cathode tubes, ordinary 200-240-v. sup- 
plies will operate the more recently developed j 

hot-cathode ” tubes. In these tho electrodes 
consist of alkaline-earth oxides which are main- 1 
teined in a hot, electron-emitting condition. 
High current- densities thus become possible, so 
that compact units of high luminous output are 
practicable, greatly exceeding in candle power 
wld-cathode lamps of the same dimensions, 
lubes filled ^ with neon at a few millimetres 
pressure radiate orange-red light with an offi- j 
ciency considerably in excess of that afforded 
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by trmgsten-filament lamps and coloured filters. 
Such tubes have found application as beacon 
lights on aerodromes and in lighthouses, on 
account of the high mist- and fog-pohetrating 
power possessed by the neon light j they have 
also been employed in floodlighting and decora- 
tive lighting, and in horticulturo where irradia- 
tion with red light is said to hasten tho growth 
of plants. 

Neon, and in part argon, arc further used as 
filling gases for modem metal-vapour lamps. 
W'hen the cold lamp is switched on, the rare gas 
allows passage of tho current, which is later 
continued by tho metal (sodium or mercurj') 
after its vapour pressure has been raised 
sufficiently by heating the lamp. 

C. R. II. 

“NJCONAL” 6 -Ethyl-6-7J- but 3 ’lbarbituric 
acid. “ SoncryJ.” Sedative and hj’pnotic. 
B.P.C. (v. Synthetio Dnuos). 

S. E. 

neon ITE (r. VOL. IV, 6195). 

NEOPINE (u. Onmi). 

“A^EOSTIBOSAN ”. Dicthj'laminc p-amino- 
phcnylstibinato. Used in treatment of Kala- 
aznr. B.P.C. (r. SY^’T^ETIO Drugs). 

S. E. 

neosynephrine hydrochlo- 

RIDE. I - a - Hj-dro-xj' • p • mothjdnmino • a - 
j?i-hydro.xyphcnjdothano h 3 ’drochloridc. Vaso- 
constrictor-acfivc when administered orall 3 ' 
(u. SyKTireno Drugs). 

S. E. 

NEPHELINE. A member of tho fols- 
pathoidal group of rock-forming minerals that 
form instead of felspars in certain igneous rocks 
rich in alkalis and poor in silica. It is a sodium' 
potassium aluminium silicate, csscntiall 3 ’ 

{Na,K)(AI,Si)j 04 , 

the amount of potassium being uauall 3 ’ low, 
KoO not exceeding 7% ; calcium max* also bo 
present. Artificial nophclinc, NaAISi 04 . con- 
tains Na^O 21-8, AloOg 35-9%. Tho natural 
mineral cr3'stallisc3 in the hexagonal s3*stom and 
occurs in two varieties. “ Glnss 3 ' ” nophclinc, 
found in recent soda-rich lavas, forms small 
colourless prismatic ci^'stals, but tho much 
moro common “ greasy " vnrict 3 ’, often called 
cIkoIUc, is nearly nlwa 3 'B massive or granular, 
is of a grc 3 *, greenish or reddish colour, and 
occurs in plutonic rocks, such ns ncphclino 
syenite. Nopholino fuses cnsil 3 ' to a colourless 
glass, colours tho flnmo a strong 3 ’cllow, and is 
rcadil 3 ' decomposed b 3 ' acids with gclatinisntion. 
p2-56-2'G5, hardness 61-0. It is rarely found 
in rocks that contain quartz. Extensive masses 
of nophclinc-S 3 'enito occur in tho Kola Peninsula, 
U.S.S.R. (locally associated with apatite), Nor- 
way, South Africa, and in tho Bancroft district 
of Ontario xvhero pegmatites often 3 ’iold largo 
masses of almost pure nopholino for industrial 
use. 

During tho past decade nopholino has been 
gaining favour at tho expense of felspar as a 
source of aluminium in tho glass industr 3 ' for 
addition to tho glass batch. Jlost of tho 
nophelino used in this way comes from Ontario, 
whoso export of nophoUno-syemto in 1940 
araoimtod to about 20,000 tons. Tho Russians 
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utilise nepheline from Kola as a substitute for 
bauxite in the manufacture of metallic alunu- 
nium, and in various other industries including 
ceramics, leather, textiles, and rubber. 

D. W. 

nephelometry and turbidi- 
METRY. 

Definitions and Scope. — ^Nephelometry is 
usually taken to mean the photometric measure- 
ment of the light scattered by a medium such as 
a cloud or a suspension in a liquid. It should 
be distinguished from turbidimetry, which con- 
sists in the measurement of the light transmitted 
by such a medium. The transmission of a 
turbid medium is reduced because of the loss of 
light that is scattered, so that turbidimetry and 
nephelometry are complementary methods of 
examining the same phenomenon. 

This distinction has not always been so clearly 
made, but definitions of turbidimetry and 
nephelometry on these lines have now been 
recommended by a committee appointed by the 
Society of Public Analysts (Analyst, 1942, 67, 
164). The two types of measurement are made 
for similar purposes and by somewhat similar 
instruments, so that it is convenient to consider 
the two subjects together in this article. 

A number of turbidimeters and nenhelometers 
will be first described, and some of the relevant 
properties of scattering media will be mentioned ; 
then reference will be made to a number of uses 
to which the methods of nephelometry and 
turbidimetry may be put. 

Turbidimeters. — ^Any instrument that can 
be used for colorimetry (in the chemical sense) 
can also be used for turbidimetry. For example, 
the Duboscq colorimeter {v. Vol. Ill, 303d), the 
Pulfrich photometer («. Vol. HI, d04d), and the 
Lovibond tintometer (u. Vol. IQ, 302b) can be 
used for this purpose. Any of the various types 
of photoelectric colorimeter may also be used 
as turbidimeters ; there are a number of types 
of such instruments on the market, and descrip- 
tions of several are given by Guild (J. Sci. Instr. 
1938, 15, 65) and MuUer (Ind. Eng. Chem. 
[Anal.], 1941, 13, 667). 

A very simple tiubidimeter of the visual type 
that may be used for turbidities of, say, natural 
or industrial water, consists of a column of 
liquid of adjustable depth, in a tube with a clear 
glass bottom, below which is a lamp. The 
depth of the column is increased until the lamp 
filament as seen through it just disappears, and 
conversely the depth is decreased until the fila- 
ment just appears. The mean of the two depths 
of liquid then gives a measure of its turbi&ty. 
One such instrument is described by Parr and 
Staley (Ind. Eng. Chem. [Anal.], 1931, 3, 66). 

Nephelometers. — In most nephelometers 
the light scattered from two specimens is com- 
pared. One of these is a standard, the other 
being a specimen under examination. The 
standard may be a plate of ground glass, etc., 
or other permanent material, but more often is 
a solution of the same type as the test specimen. 
In visual instruments, at least, the method of 
Tise is to adjust the intensity of the incident 
light (or, in some instruments, of the scattered 
light) for one of the specimens, rmtil the two 
scattered beams are matched in intensity. 


In one of the earliest forms two tubes were 
used with their axes coinciding at the observer’s 
eye (Richards, Proc. Amer. Acad. Arts. Sci. 
1894, 30, 385). The tubes were illuminated 
from the side, and the lengths of each tube 
iUuminated were adjusted by sliding opaque 
sleeves up and down the tubes until the in- 
tensities of scattered light from the two tubes 
were judged to be equal. 

Current forms of nephelometer based on this 
principle are analogous to the Duboscq type of 
colorimeter (u. Vol. Ill, 303, Pig. 3). In this 
case the walls of the cups are of clear glass and 
have black glass ends. The cups are illuminated 
from the side by a special lamp-house and 
viewed, as in the colorimeter, from the top. 

The effective length of illuminated column is 
adjusted by means of the usual raising and 
lowering plungers, which must, in this case, 
have opaque sides with clear glass ends. Com- 
mercial forms of this nephelometer are usually 
arranged so that they can readily be converted 
into colorimeters. 

A micro-form of this type of nephelometer has 
been described, which requires only 3-5 c.c. of 
liquid (Kleinmann, Biochem. Z. 1923, 137, 148). 
In this the cylindrical cups holding the liquids 
rmder test are of small diameter and are im- 
mersed in rectangular glass cells of liquid, so 
that a uniform beam may be transmitted through 
the large curvature of the wall of the cup. To 
secure a sensitive measurement for small in- 
tensities of scattered h'ght, it is necessary to 
ensure that the instrument is well provided with 
diaphragms, so that the field of view is only 
illuminated by the scattering solution under 
test, and that the effect of light scattered from 
the base or waffs of the cups is reduced to a 
minimum. With this condition obtaining, a 
high intensity of illumination will help to give 
good sensitivity in comparing very small 
turbidities. 

This latter principle was followed in a sensitive 
nephelometer which was specially designed for 
comparison of the light scattered by different 
optical glasses. In this instrument high- 
powered lens systems formed images of a carbon 
arc inside two glass specimens to be compared. 
These images were viewed in a direction at 
right-angles to that of the incident beams, and 
an adjustable aperture in one beam was used for 
matching the intensities of the two. 

Several instruments have been described (Ind. 
Eng. Chem. [Anal.], 1935, 7, 262; J. Sci. 
Instr. 1939, 16, 99) which use one scattering 
solution only, and bring together into the 
two halves of a photometric field the fight 
scattered by a solution and the fight trans- 
mitted through it, respectively. An adjustable 
optical wedge (or similar device) in the trans- 
mitted beam serves to match the two halves of 
the field. In this way the ratio of transmitted 
to scattered fight is measured. For a given in- 
crease in concentration of scattering material 
in a liquid, the scattered fight is increased and 
the transmitted fight reduced, so that the change 
in the ratio is greater than the change in either 
of the separate quantities determined by any of 
the previously described instruments. This 
instrument should therefore be particularly 
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useful in the determination of small changes of 
turbidity. It has the further advantage that 
no comparison standard is necessary in routine 
use of the instrument. (Of course standard 
solutions are required in initial calibration of 
this as of other instruments.) 

The Pulfrich photometer {v. Yol. Ill, 305, 
Fig. 4) can bo arranged rrith side illumination 
for specimen tubes, when it is required to be 
used as a nephelometer. In tliis case the in- 
tensity of one of the scattered beams is reduced 
by the adjustable aperture of the photometer. 

Modern forms of the Lovibond Tintometer 
(see Fawcett and Hewitt, J.S.C.I. 1939, 58, 342) 
may be used for nephelometry. The scattering 
solution, illuminated from the side and observed 
from the front, forms one half of the photometric 
field. The other half of the field is illuminated 
by fight reflected from a magnesium oxide plate, 
whi(£ passes through a fixed neutral density to 
reduce its intensity suitably, and also through 
the Tintometer coloim slides. An}' colour 
difierence in the two halves of the field is first 
corrected by the use of the colour slides, and 
then the intensities are matched by means of the 
“ obturator ” vane, the scale of which roads 
directly in densities. 

The various photo-electric fluorimoters that 
have been designed (a number of these are 
described by Muller, Ind. Eng. Chom. [Anal.], 
1941, 13, 607) may also bo used ns nephclo- 
meters. 

Rayleigh’s Law of Scattering. — Before 
proceeding further it will bo convenient to state 
Rayleigh’s equation for the intensity of scattered 
fight, because, although of limited application, 
it forms a convenient starting point for dis- 
cussing the properties of suspensions. 

Rayleigh’s law was deduced for the case of 
non-conducting particles that are small com- 
pared with the wave-length (A) of the incident 
light. This law may bo stated as : 

Is/Io={(n.'-n)/n}2(l.f cos^ P){^aV-IX'r"-) 

where Jq is intemity of the incident beam ; 

1$ is the intensity of the fight scattered 
at an angle p to the direction of 
incidence ; 

a is number of particles per unit volume ; 

V is the volume of a particle ; 

r is the distance of the observer ; 

n' is refractive index of suspended 
material ; 

n is refractive index of medium. 

The implications of this law in relation to 
nephelometric measurements ^rill bo developed 
m the following sections. 

Applications of Nefhelosietry. 

Determination of Concentration. — The 
most usual use for any of the nephelomctcrs 
and similar^ instruments described above is for 
_ne determination of the concentration of an 
insoluble substance such as, for example, silver 
chlonde. The method is not absolute, that is to 
say an instrument must first bo calibrated by 
tamng measurements with a series of Imown 
concenkations of the material in question, 
oince the measurements are affected by many 


factors it is most essential that in all this work 
a technique should bo carefully worked out that 
will give reproducible results, and that this 
teclmiquo should be then rigidly adhered to. 
A number of factors that influence these measure- 
ments and which will bo discussed in turn are : 

1. Solubifity of the precipitate. 

2. Nature of liquid. 

3. Particle size. 

4. Use of protective colloid. 

6. Colour of the suspended material. 

1 . The sensitivity of the nophclomotric method 
is in general limited, not by the sensitivity of 
the nephelometer, but by the solubility of tho 
material in question. Thus, for example, the 
solubilitj’ of sUver chloride in water is of 
the order of one part per million, so that in 
the estimation of chlorine ncphclomctrically as 
silver chloride a greater dilution than this cannot 
be detected; at higher concentrations, only a 
fraction of the chloride present is precipitated 
ns silver chloride. Nevertheless, if calibration 
measurements arc made on known solutions a 
curve can bo prepared shelving tho relation 
between instrument reading and total chloride, 
not merely tho portion in suspension. This 
curve can then be used for the nnaly.sis of un- 
knowns prepared in exactly the fame tray as the 
standards. In this connection it must, of 
course, bo remembered that tho solubility of tho 
silver chloride ■n'ill bo affected by tho tempera- 
ture and tho nature and quantity of other 
materials in solution. 

2. Tho nature of tho liquid that holds tho 
suspension is also a factor for consideration. 
Apart from tho effect of variations of solubility 
with different liquids, ns di«eus,scd above, the 
refractive index of the liquid (ns also that of tho 
suspended material), nfl'cets tho intensity of 
seattored light. By Rayleigh’s formula (above) 
the intensity of scattered light is greater tho 
greater tho difference of refractive inde.x between 
suspension and liquid. Thus it has boon foimd 
that tho light scattered by a barium sulphate 
suspension in glycerin is less than that scattered 
by the same suspension in a mixture of glycerin 
and water. 

3. It is seen from Rayleigh’s law that, for 
particles small compared with tho wave-length 
of light, tho scattered light is proportional to tho 
number of particles and tho square of tho volume 
of a particle, t.c., to aa®, where a is tho diameter 
of a particle. But since tho concentration (in 
units of mass) is proportional to aa^, tho 
scattering is proportional to tho product of 
concentration and tho cube of tho particle size. 
Thus, at constant concentration, for very small 
particles (e.p., molecules in solutions) tho scatter- 
ing is small but increases very rapidly with 
increasing particle size. 

YTicn tho particle is not small compared 'with 
tho wave-length of tho incident light, Rayleigh’s 
law no longer applies. For particles largo com- 
pared 'w'ith tho wave-length of light it is obvious 
that tho scattering is proportional to tho surface 
area of particles, i.c., to aa-=aa^/a=coDcontrn- 
tion/diameter. In this range, therefore, for 
constant concentration tho scattered light 
decreases with increasing radius. It is thus 
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obvious that there is some size or range of sizes 
in -which the scattered light has a ma xim mn 
intensity. 

Owe (KoUoid-Z. 1923, 32, 73) made nephelo- 
metric measurements -with barium sulphate 
suspension of varying sizes, and showed that for 
particles below 0-5^. diameter the scattered 
light increased -with increasing particle size, 
whereas for larger particles, of above 1-0/t. dia- 
meter, the scattering decreased with increasing 
diameter. The theory given above is thus 
confirmed, but unfortunately Owe does not 
show complete results for the range of sizes 
between O-Sfi. and 1-0/t. where neither of 
the above considerations apply. 

It is therefore ob-vio-us that to obtain reliable 
nephelometric measurements of concentration, 
particle size must be controlled by proper 
methods of forming a suspension. Important 
factors in this connection are temperature, con- 
centration of reagents, method of mixing, time 
between mixing and measurement, etc. 

4. Colloidal solutions may be divided into two 

t 3 ^es : (o) emulsoids — ^kno-wn variously as 

hydrophilous, hydrophilic, gelatinising, etc. — 
which can exist in appreciable concentration 
■without losing their colloidal nature ; and 
(6) suspensoids, which are non-gelatinising, 
anhydrophilons, hydrophobic, etc., and which 
coagulate wheii their concentration is increased. 
Appreciable concentrations of suspensoids could 
not be used in nephelometric work but for the 
fact that the addition of a colloid of the emulsoid 
type will inhibit the coagulation. This added 
emulsion is kno-wn as a protective coUoid. (In 
some cases where the two materials carry 
opposite electric charges, the added emulsoid 
may instead produce coagulation.) The general 
eSeotiveness of an emulsoid as a protective 
colloid is specified by its “ gold number ” (». 
Vol. in, 2876). The gold number is determined 
by the effectiveness of an emulsoid in preventing 
the increase in particle size of a gold solution, 
which is indicated by the colour change from 
red to blue. Quantitatively the gold number is 
equal to the weight in milligrams of dry material 
which, added to 10 c.c. of gold sol. (concentra- 
tion 0-0055%), is just sufficient to prevent the 
red-to-blue colour change on addition of 1 c.c. 
of 10% sodium chloride solution. Thus the 
smaller the gold number, the greater is the 
protective action of an emulsoid. Gold numbers 
for typical protective colloids are gelatin 0-005, 
gum arabic 0-15-0-25, potato starch 25. 

5. The light scattered or transmitted by a 
solution being measured nephelometricaUy or 
turbidimetrically (respectively) -will often be 
coloured. Owing to the selective effect of 
Rayleigh’s law, according to which the scatter- 
ing is proportional to A~*, the shorter wave- 
lengths (blue) of a beam of white light -will 
suffer greater scattering than the longer wave- 
lengths (red), so that the scattered beam -will 
appear bluish while the transmitted -will be 
yello-wish. In some cases the beams -will be 
more definitely coloured, as in the case of gold 
solutions, for example, which are strongly 
coloured (Rayleigh’s law does not apply in tiiis 
case beca-ose the particles are electrically con- 
ducting). In the case of suspensions of larger 


particle-size the materials may have their own 
characteristic colours, e.g., lead sulphide or 
potassium cobaltinitrite. 

It is, of coTirse, important that conditions of 
formation of the suspensions are so standardised 
that there is no variation of colour between one 
sample and another, otherwise results may not 
be comparable. 

Another point to consider is the colour of the 
liquid in which the particles are suspended. 
Thus for example potassium may be estimated 
turbidimetrically as potassiiun cobaltinitrite by 
addition to a solution of a potassium salt of an 
excess of sodium cobaltinitrite. This latter is 
yeUow, and it is important that the quantity 
used be definite, otherwise the transmission of 
the suspension -will not depend only on the con- 
centration of suspended material. In this 
example use of a red colour-filter in the mea- 
suring beam is a great advantage, because the 
yellow sodium salt in solution absorbs very 
little red light, so that the effect of variation in 
the concentration of this is then much less 
important. 

fliandardisaiion . — Erom all that has been said 
above, it is obvious that the essential of aU 
nephelometric and turbidimetric work is the 
calibration of a method before use -with -the 
instrument to be used, and the standardisation 
of conditions so that the obtaining of repro- 
ducible results is ensured. Th-us many workers 
limit themselves even to a definite manner of 
shaking a solution after mixing the components 
to ensure a suspension of reproducible particle- 
size. 

A valuable example of the work req-uired to 
determine the proper conditions for obtaining 
good nephelometric results, is to be foimd in a 
paper by Lamb, Carleton, and Meldrum (J. 
Amer. Chem. Soc. 1920, 42, 261) on silver 
chloride. All their measmrements were made 
against a standard suspension of “ kieselgiihr ” 
that had been allowed to stand for some days, 
so that coarse particles had settled out and no 
further change would take place during its use. 
The paper is concerned with the concentration 
of silver chloride that gives the best reproduci- 
bility of measurements -with the particular 
nephelometer in use; this was found to be 
9x 10-5 

It was found that some time must elapse for 
the particles to grow to a stable size, during 
which time the opalescence increases. If the 
solution is left at room temperature, maximum 
opalescence is not reached for 60 minutes, but 
it is found that if the solution is heated to 40°c. 
for 30 minutes and then cooled, the opalescence 
has reached a maximum value ; this does not 
afterwards decrease by further coagulation, 
except when stronger solutions are used 
(30x 10-5 -when it was found to be important 
to examine the solutions not longer than half-an- 
hour after cooling. 

In the case of silver chloride, which is of course 
sensitive to light, it was found important to keep 
the solution in the dark, except during the actual 
measurement, otherwise the opalescence was 
found to be decreased. 

Determination of Particie Size. — ^The 
variation of scattered light -with particle size 
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bas already been discussed, but this does not 
seem to have been used as a means of deter- 
minint^ particle size. The complomontarj’ 
property, viz. variation of transmitted light 
with particle size, is being used, however, for 
f.liia purpose. Consider a dilute suspension of 
opaque particles which are large compared with 
the wave-length of Ught ; suppose there arc n 
particles per c.c., each of diameter a. Consider 
a beam of light of intensity I traversing an cle- 
ment of the suspension of length 61 in the direc- 
tion of the beam and of unit area in a per- 
pendicular direction. For a dilute suspension 

can be assumed that the particles are not 
obscuring one another, and so the fraction of 
light stopped (d//7) by the particles is equal to 
the ratio of the projected area of the particles 
to the whole area of the beam, which is unity. 
Thus : 

d7/7=(7ro'V4)ndi, 

or, integrating over a fine length I of the sus- 
pension, 

log {IolI)=(na-l4)nl 

where 7^ and 7 are the intensities of the incident 
and emergent beams, respectively. 

(It should be noted that a dilute saspension 
of opaque particles has been assumed, and the 
effect of light scattered by the particles emerging 
as- part of the transmitted beam has been 
neglected. A considerable amount of work has 
been done on this subject, and it has been found 
that while the above equation holds in man}’ 
cases, its validity should bo checked for each 
particular type of particle.) 

Measurement of the transmission of a sus- 
pension, by a suitable colorimeter or turbidi- 
meter, thus allows a determination of na". By 
filtering and weighing the ratio «o^/(woight) 
—na^pnlG can bo determined. Thus the two 
determinations permit a calculation of n and a 
separately. On allowing the suspension to 
settle, the larger particles fall more rapidly, and 
by measuring the transmission at various time 
intervals it is possible to determine the numbers 
of particles of various sizes, t.c., the size distri- 
bution. 

Such measurements of particle size for a 
number of minerals have been made by Hay- 
wood (Pros. Inst. Mech. Eng. 1938, 257), and 
for cements by Wagner (Proc. Amor. Soc. Test. 
Mat. 1933, 33, 653). {See also papers by 
Richardson, J. Sci. Instr. 193G, 13, 229 ; Proc. 
Physical. Soc. 1943, 55, 48; Sharratt, Van 
Someren, and RoUason, J.S.C.I. 1945, 64, 73.) 

Miscellaneous Applications, — Photo- 
graphic methods of photometry normally depend 
on comparing or measuring the fight transmitted 
by different parts of an e.vposed plate. This is 
strictly a turbidimetric measurement, but photo- 
graphic densitometry is really a subject of its 
own and cannot be adequately discussed in the 
hunts of this article. It may be mentioned, 

owever, that in the. case of weak exposure of a 
plate such that the density after development is 
too small to serve as a useful measure of fight 
•mteMity, an appreciable amount of fight is 
Scattered by the plate, and measm-cment of 
scattered fight by nephelometric means can 
N serve as a means of measuring the intensity of 


light used to expose tlio plate. It has ijccn 
sho'wn (Brentano, Baxter, and Cotton, Phil. 
Mag. 1934, [vii], 17, 370) that for suitable con- 
ditions of plate blackening "and of nephelo- 
metric set-up the scattered light is proportional 
to the exposure. 

Other applications aro to solutions of sugar, 
synip, beer, etc., where measurements are made 
from consideration of appearance rather^ than 
actual determination of suspended impurities. 

BroLTOOKAriiv. 

In ndilition to tlic various p.-ipcrs nicntioncil already, 
rcfercnco may be inailc to a comprehensive paper by 
Wells (Chem. llcv. 11)27, 3. 331), wldcli di?cu»«=r.s fully 
the theory of ricphclotnetric and lurhldlmefrie me.ssurc- 
menls. ’I'hcre is a very uceful texthool: (J. It. Yoo 
and H. Ivlelnmnnn, " I’hotometric Chemical .\naly.els,” 
Vol. II, " Jicphelomctty," Chapman and Hall, 1020), 
wldch dc.ecrihe.s a number of Instrum'-nts and gives a 
large number of methods for estimation of materials. 
Inorganic and organic. 

G. F. Jj. 

NEPHRITE (f. Vol. VII, 705). 

NEPOUITE (t-. Vol. V, 430a). 

NERADOL {V. Vol. VII, 257c). 

NERAL (f. Citrnl b, Vol. Ill, 184a). 

NEROL (r. Vol. V, 518a). 

NEROLI, ESSENTIAL OIL OF. Oil 
of Orange Floiccrs. The oil distilled from the 
fresh flowers of bitter orange Citrus bigaradia 
Risso, Fam. Rntacem. Most of the oil is tlistilled 
in the South of Franco, particularly in the Alpcs- 
Maritimes. Two crops are gathered in tlio year 
in May and October; Spain, Italy, Sicily, and 
Tunis nil produce the oil in sniali qunn(i(ic.s. 
Tho oil is used in tlio manufacture of Kan do 
Cologne and other perfumes. Tlio residual 
aqueous di.slillate is sold ns orangc-tlowcr rvnter. 

Constituents. — Tlic chief aromatic constituents 
arc acetic esters of ncrol, linalol, fnnicsol, 
gernniol, and phenyl ethyl alcoliol. diethyl 
nnthrnnilatc is tlic body which ha.s tho chnrnc- 
tcrislic odour of ncroli oil and is jiresent to 
tho extent of 0-l-l%. Other constituents 
aro terpincol, dccylnldehydc, jnsnionc, indole, 
phcnylacolic acid, and a trace of paraffin hydro- 
carbons. 

Characters.— p]ll 0-870-0-895, [n]^® +2° to 
-l-G° (occasionally higher) nj,® l’40S-l-477. 
Esters, calculated ns linalyl acetate. 8-20%. 
Tho oil obtained by rcdistillntion of orange- 
flower water has h higher content of methyl 
anthranilato (from 5 to G per cent.). 

Tho oil from tho fresh flowers of tho swcot 
orange is sometimes distilled and has a similar 
composition. 

C. T. B. 

d-NEROLIDOL, 

Me2C:CH-[CHjVCIVle:CH’[CH„V 

C(OH)lvle>CH;CH„ 

H2C:CMe-[CHjl3-CMe;CH-fCH„V 

C(OH)Me-CH:CH2, 

b.p. 125-12774-6 mm., p's 0-880. 7 i„ 1-4802. 
[a]„ -M2-48°, occurs in noroli oil(Ci7r»5 bigaradia) 
and in Peru balsam (u, Tf.upexf.s). 

NERVON {V. Vol. Vri, 331cZ). 
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NESSLER’S REAGENT («. Vol. II, 572c). 

NEURINE (r. Vol. Ill, 94a). 

NEUTRON (Sym. In). The neutron is one 
of the fundamental particles. It is electrically 
neutral and its mass, obtained from measure- 
ments on the disintegration of deuterium by 
y-rays -(Chadwick, Eeather, and Brets cher, 
Proc. Roy. Soo. 1937, A, 163, 366) is 1‘00894 
d:0'00002 mass units (scale i'^0=16'00000). 
This is 0-00081 mass rmit greater than the mass 
of the hydrogen atom, and therefore the free 
neutron is expected to be unstable, trans- 
forming into a proton and an electron, with a 
“ half-Ufe ” of a few homs. The neutron spin 
is a half-integral multiple of /i/2w and, like that 
of the proton and the electron, is probably equal 
to J(A/27r). As would be expected from its half- 
integral spin, the neutron obeys Eermi-Dirac 
statistics (i.e., the Pauli exclusion principle holds 
for neutrons) (Bethe and Bacher, Rev. klod. 
Physics, 1936, 8, 89). The neutron magnetic 
moment has been directly determined (Alvarez 
and Bloch, Physical Rev. 1940, [ii], 57, 111) 
to be — l-93s ±0-02 nuclear magnetons. 

Discovery. — The existence of a “ neutron ” 
had been predicted many times before its dis- 
covery, one of the most accurate and definite 
statements on its expected properties being 
made by Rutherford (Proc. Roy. Soc. 1920, A, 
97, 396). The discovery arose from studies in 
the artificial disintegration of light nuclei, using 
the high-energy a-particles emitted by some of 
the naturally occurring radioactive elements 
(radium, polonium, etc.). Bothe and Becker 
(Z. Physik, 1930, 66, 289) foimd that beryllium, 
when bombarded with high-energy a-particIes, 
emitted a penetrating radiation which they con- 
sidered to be a very energetic y-ray. Curie and 
Joliot (Compt. rend. 1931, 193, 1412, 1415) 
noticed that this radiation ejected protons from 
parafiin wax, and concluded that, if a y-ray, its 
energy must be of the order of 50 me.v. (fifty 
miUion electron-volts). Finally, by studjdng 
collisions between the beryllium radiation and 
nuclei of various masses, Chadwick (Nature, 
1932, 129, 312) proved that it consisted of heavy 
neutral particles of mass approximately equal 
to that of the proton. 

The Neutron as a Structural Unit of 
the Nucleus. — The nucleus of an atom of 
atomic weight A and atomic number Z contains 
Z protons and (A~Z) neutrons. Strong attrac- 
tive forces must exist between these particles 
in order to overcome the electrostatic repulsion 
between the protons. These forces show satura- 
tion properties, that is a nuclear particle inter- 
acts with only a limited number of other 
particles in the nucleus, and this suggests a 
similarity to the valency bonds between atoms. 
By analogy with the homopolar bond, nuclear 
forces are considered to be caused by the ex- 
change of light particles between the heavy 
nuclear particles. These light particles should 
have a mass intermediate between the masses 
of the electron and proton, and may be similar 
to the mesons of cosmic rays (see Bethe and 
Bacher, Rev. Mod. Physics, 1936, 8, 83; 
Peierls, Ann. Rep. Progr. Physics, 1939, 6, 78). 

Interaction of Neutrons with Matter. — 
The forces between neutrons and electrons are 
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very small, and therefore neutrons lose little 
energy when passing through the extra-nuclear 
structure of atoms. It is mainly by collisions 
with nuclei that neutrons are scattered or 
absorbed, and therefore lose energy. Because 
of the small “ size ” of the atomic nucleus 
(10“i“ cm., cf. atomic dimensions, 10~® cm.), a 
neutron will, in general, traverse relatively 
large thicknesses of matter before making a 
collision, when, being uncharged, it can easily 
penetrate into the nucleus to form a “ com- 
pound ” nucleus (Bohr, Nature, 1936,137, 344). 
The binding energy of a neutron in an average 
nucleus is of the order of 8 me.v. ; this energy, 
plus the kinetic energy of the incident neutron, 
will be available for the general excitation of the 
compound nucleus, which is therefore in a 
highly excited state, at least 8 me.v. above the 
ground state. A short time after its formation, 
the excited compound nucleus either reverts to 
the ground state by the emission of y-ray quanta 
or disintegrates by emission of heavy particles. 
In discussing these processes it is convenient to 
divide neutrons into two classes, slow and fast, 
with a dividing line at approximately 1,000 e.v. 

Fast Neutrons. — ^For incident neutrons of 
energies up to 5 me.v. the most probable modes 
of de-excitation of the compound nucleus are 
by emission of a neutron of lower energy (the 
inelastic scattering process) or, in light elements, 
by emission of a proton or an a-particle. For 
neutrons of higher energies, more than one 
neutron can be emitted, and charged particle 
emission can take place in heavier nuclei. A 
rare alternative mode of de-excitation for aU 
fast-neutron energies is by y-rays, and an 
alternative in heavy elements (thorium, pro- 
tactinium, uranium, neptimium (7), plutonium) 
is fission. 

The quantum levels of the compound state 
formed by capture of a fast neutron form a 
continuum. Therefore the probability of cap- 
ture in this energy region, as a function of 
neutron energy, shows no pronounced maxima 
or minima ; but if charged particles are emitted, 
a number of discrete energies only may appear, 
due to resonance penetration of the potential 
barrier opposing their exit. The cross-sections 
for fast-neutron processes, all of which may lead 
to radioactive products, are of the order of 
10“^^ sq. cm. ; that is, the mean free path of a 
fast neutron in a solid is approximately 10 cm. 

Another type of fast-neutron process of the 
same order of importance, but not involving a 
compound nucleus, is that of elastic scattering. 
In this process kinetic energy and momentum 
are conserved, so that marked loss of neutron 
energy results only from collision with light 
nuclei. 

Slow Neutrons. — By passing fast neutrons 
into a medium containing light nuclei, it is 
possible to slow down the neutrons to energies 
as low as 1/40 e.v. If the light nuclei do not 
capture these low-energy -neutrons a “ gas ” 
of slow neutrons is produced, in thermal equili- 
brium with the nuclei of the medium. Heavy 
water and graphite are media which, most com- 
pletely, produce this effect; ordinary water 
and paraffin wax are often used as slowing-down 
media, but the protons capture neutrons to a 
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certain extent so that complete “ thermal 
eqnihbrium ” cannot he attained. 

Capture of these slow neutrons hy nuclei now 
leads to a compound state the excitation energy 
of which -is about 8 me.v. (the neutron binding 
energy) plus, at most, a few electron volts (the 
kinetic energy) . In this excitation-energy region 
the quantum levels of the compound nucleus are 
sharp and distinct [1/10 to a few electron volts 
wide, and separated by about 100 e.v. in medium 
and heavy nuclei (Bohr, i.c.)]. The probability 
of capture of slow neutrons shows, therefore, 
strong maxima when the neutron energy plus the 
binding energy corresponds to a quantum level 
of the compound nucleus. In addition, because 
of the large de Broglie wave-length of slow 
neutrons, the captive cross-sections are much 
greater than those of fast neutrons and can bo as 
much as 10,000x10--'* sq. cm.; that is, the 
mean free paths are of the order of 0-01 mm. 
[E.g., the captive cross-sections for absorption 
of thermal (~l/40 e.v.) neutrons are 3,000 
X 10--* sq. cm. for cadmium and 30,000x 10--* 
sq. cm. for gadolinium.] 

De-excitation from these levels almost in- 
variably takes place by y-ray emission . Lithium 
and boron, however, emit a-particles, and 
nitrogen emits protons, following capture of 
slow neutrons, and fission occurs in -^|U and 
This property of -InU (t.c., that it is 
capable of fission by slow neutrons) has enabled 
chain reactions to he established in mixtures of 
uranium and graphite or heavy water. 

Production of Neutrons. — One of the most 
convenient sources of neutrons is berjdlium 
imdergoing bombardment by a-particlcs or by 
y-rays. a-Particle bombardment is usually 
carried out by intimately mixing a radium salt 
with beryllium, and y-ray bombardment by sur- 
rounding radium with a block of beryllium. 
The successful development of methods of 
accelerating charged particles to high energies 
(high-voltage machines, cyclotrons, etc.) has 
led to the production of neutron sources of high 
intensity and having other desirable properties. 
The bombardment of a deuterium target by 
deuterons yields mono-energetic neutrons. High- 
energy deuteron bombardment of beryllium gives 
a very intense neutron source, and from deuteron 
bombardment of lithium in a medium-sized 
cyclotron, neutrons with energies up to 26 me.v. 
can be obtained. (For details of these and 
other reactions, see Livingston and Botho, Eov. 
Mod. Physics, 1937, 9, 290). 

The fission of uranium is accompanied by the 
emission of two or three neutrons per nucleus 
(see, for example, von Halban, jun., Joliot, 
and Kowarski, Mature, 1939, 143, 470, C80). 
These neutrons are captured by uranium or 
other nuclei or escape through the sides of the 
block of material used. However, in a reacting 
pile the equihbrium neutron-density can bo 
several orders of magnitude greater than that 
which can be obtained by other means (see 
Smyth, Eev. Mod. Physics, 1946, 17, 361). 

Detection of Neutrons. — ^Tho most con- 
venient way of making measurements on fust 
neutrons is to use a hydrogen-filled detector 
(cloud chamber, ionisation chamber, etc.). The 
neutrons transfer a part, or all, of their energy 
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to the hydrogen nuclei, and the energies and 
number of the recoil protons can bo related to 
the neutrons producing them. The efficiency 
for fast-neutron detection in the usual t3rpo of 
instrument is low — of the order of 10-^. Slow- 
neutron measurements are usually made with 
ionisation chambers containing boron or 
lithium, which emit a-particlcs after capturing 
a slow neutron ; the efficiency of detection of 
slow neutrons can bo made imity. Alternatively, 
the radioactivity induced in an element is often 
used for slow-ncutron, and occasionally for fast- 
neutron detection. Manganese and dysprosium 
are common slow-noutron indicators. 

Practical Applications of Neutrons. — 
The case ^vith which neutrons penetrate into 
the nuclear structure makes them the most im- 
portant particles ■with which to investigate this 
structure. The high neutron-intensities in a 
uranium pile will make possible the production 
of very largo amounts (thousands of curies) of 
artificially radioactive substances, of ^cat im- 
portance as tracers in physical, chemical, and 
biological studies. These artificial radioactivi- 
ties '<^411 also bo of great value, and replace 
radium, in radio-therapy. It may bo, also, that 
irradiation of tissues by fast neutrons will prove 
useful in the treatment of cancer (see next 
section). 

Biological Effects of Neutrons. — ^Tho 
biological olTccts of fast neutrons are mostly 
due to the ionisation produced in living tissue by 
recoil protons, whicli have been given onergj- 
by collision with the fast neutrons. The clfecta 
arc similar in quality to those due to AT- or y- 
rays, but are several times more powerful, if 
referred to equal numbers of ions created jicr 
unit volume of tissue. The enhanced action is 
thought to bo duo to the high density of the 
ions in the proton tracks as compared with the 
lower density in the electron tracks duo to X- 
or y-ray irradiation. The action ofslow neutrons 
is much less than that of fast neutrons, and is 
largely duo to y-rays emitted following their 
capture by the atomic nuclei of living tissue. 
Attempts have been made, with inconclusive 
results, to improve cancer thcrapj' by using fast 
neutrons from a cyclotron instead of X- or y- 
rays {see Spear, J. Sci. Instr. 1946, 22, 21 ; 
for a general accoimt, see D. E. Lon, “ Actions 
of Radiations on Living Cells,” Cambridge 
Univ. Press, 1940). 

BmuoanArnY. 

General accounts of neutrons can bo found in the 
articles on Nuclear Physics by II. A. Bcthc, 11. P. 
llachcr, and JI. S. Livinpston (Itev. Jlod. Physics, 
3930, 6; 1037, 9); in P. llnsotU, “ Kleinents of 
Nuclear Physics,” Blackio, 1937, and in articles hv 
N. Feather (Science Propress, 1038, 33, 240) and 
P. B. Moon (Ann. Rep. Propr. Physics, 1937, 4, lOS). 
f^ee also the article on RADiOAcrn'iTY in tiiis llic- 
tionary. 

J. D. 

•‘NEW FORTEX” (v. Vol. IV, 4876). 

NEWTON’S ALLOY {v. Vol. VII, 241d). 

N’GART OIL (t). Vol. IV, 86c). 

NICCOLITE. Nickel arsenide, NiAs. 
Small amoimts of iron, cobalt, and sulphur are 
often present, and by increasing ropla cement of 
of arsenic by antimony the mineral grades into 
breithauptite (NiSb). NiccoUto crystallises in 
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the hexagonal system, but crystals are -rare, and 
the mineral is usually massive, reniform, with 
a columnar or reticulated structure. It has _a 
distinctive pale copper-red colour with metalhc 
lustre (hence called Ku'pfernicJcel, copper- 
nickel), and brownish-black streak. By its 
greater hardness (5-5^), and brittleness it is 
readily distinguished from native copper, 
p 7-78. Niccolite emits arsenical fumes of 
garlic-like odour when heated on charcoal, and 
gives the nickel test with dimethylglyoxime. 
The mineral is often coated with a pale-green 
'decomposition film of annabergite (nickel 
bloom), Ni3As20g,8H20. 

Niccolite is a minor source of nickel, notably 
in the copper-bearing shales of Mansfeld in 
Germany, and in the nickeliferous pyrrhotite 
ores of Sudbury, Ontario ; it is also frequently 
present in vein deposits containing cobalt and 
silver minerals. 

D. W. 

NICKEL. Sym. Ni. At. wt. 68-60. At. 
no. 28. Isotopes 58, 60, 61, 62, 64. 

Although the Chinese have used a nickel- 
copper-zino alloy for over 2,000 years, nickel 
was not discovered until 1751, when Cronstedt 
found the element in niccolite, obtained from a 
Swedish cobalt mine. Bergman isolated the 
metal and produced the first pure nickel in 
1776. The properties of nickel were described 
by Richter in 1805. 

MINING, SMELTING AND REFINING. 

Distribution of Ores. — Ores containing 
nickel occur in many parts of the world and 
numerous deposits, chiefly low-grade, were 
worked in the nineteenth century. World pro- 
duction in 1870 was about 500 tons, mostly 
obtained from Norway. Germany, Scandinavia, 
Austria, and Pennsylvania produced smaller 
quantities. Rrtssian nickel-mining .dates from 
1866 and small, low-grade deposits in the Urals 
have been worked intermittently since then, but 
the output has always been small. Ores from 
New Caledonia were exported to Europe in 
1875 and shortly afterwards production began 
in Canada, where large, rich deposits had been 
found earlier in the century. A potentially im- 
portant mine near Petsamo, Finland, was in the 
development stage in 1939. Low-grade ore 
bodies are also being developed in Brazil and 
Cuba to produce ferro-niokel. Mayari pig, a 
low nickel-bearing iron, has been obtained from 
Cuban properties for many years. The abund- 
ance of nickel in the lO-mile depth of the earth’s 
crust was estimated by Wells to be 0-016% 
(U.S. Geological Survey, 1943). 

Current world nickel output in 1939 was about 
100,000 tons, Canadian production accounting 
for about 90% and New Caledonia for most of 
the balance. Norwegian and Russian pro- 
duction remained low. Some by-product nickel 
was obtained in the refining of other metals, 
notably copper and cobalt, but the amount was 
small in relation to world output. 

Ne-w Caledonia Production. — The New 
Caledonia ore is a hydrated nickel magnesium 
silicate, garnierite, [(Ni,Mg)Si02,H20] (u. 

Vol. V, 4Z9d), which contains about 6-6% of 


nickel. It is quarried from small ore-bodies 
which outcrop in many parts of the island. 
Production methods are governed by the avail, 
ability of suitable fuel and fluxes. Blast-fumace 
treatment is employed, tising g3rpsum (hydrated 
calcium siflphate) as a flux, and imported coke. 
The sulphate is reduced to sulphide, and the 
sulphur combines with the nickel to produce a 
nickel sulphide matte. This is bessemerised to 
oxidise the bulk of the sulphur, a siliceous flux 
is added to slag off the iron, and the resultant 
matte is roasted to eliminate the remaining 
sulphur. The oxide is then ground and mixed 
with farinaceous material, which acts both as a 
binder and a reducing agent, and the product 
briquetted into circular discs or cubes, known as 
“ rondeUes.” These are heated for from one to 
two days in close contact with charcoal and, 
when reduction is complete, assay about 99-26% 
nickel. 

Canadian Production. — The Canadian 
mines, which dominate the industry, occur on 
the periphery of an oval-shaped basin, 36 miles 
long and 16 miles wide, near Sudbury in 
Northern Ontario. Many ore bodies have been 
found and the chief producing mines are of vast 
extent, uniform in composition, and rich in 
other metals. The ore contains about 2% of 
nickel, with a varying copper content, usually 
about 4-6%, and substantial amounts of the 
“ platinum group ” metals, together -with 
silver, gold, cobalt, selenium, and tellurium. 
Owing to the richness of the ore and the highly 
developed methods of treatment employed, 
the area is the world’s lowest-cost producer. 

The chief minerals in the Canadian deposits 
are pyrrhotite (FegSj,), chalcopyrite (CuFeSj) 
(v, Vol. II, 617c), and pentlandite [(Ni,Fe)iiSio]. 
In parts the two last named are found in masses 
in a fairly pure state, but normally they are 
intermixed -with the iron sulphide in a basic 
gangue. The separation of the copper and nickel 
is e&cted by the " Orford ” process. 

SMELTUta. 

Smelting procedmre involves four main stages 
— concentration, calcination, reverberatory-fur- 
nace treatment, and bessemerising to produce a 
suitable matte. 

The object of concentration is to remove the 
rock and separate os much copper as possible. 
This is achieved by the flotation process {v. 
Vol. V, 263d), in which the surface properties of 
finely divided particles are utilised to separate 
the different constituents. The separation is 
effected in tanks filled with a suitable liquid for 
the materials being treated. Rock particles, 
which are easily wetted, sink quickly ; sulphide 
particles, which do not wet so quickly, tend to 
float for a time w'hich can be extended by adding 
reagents to the slurry to enable the mineral 
particles to resist wetting. Air is blo-wn through 
the tanks and the sulphide particles become 
attached to the bubbles and are carried to the 
surface. The addition of fine oil prevents the 
bubbles brealdng when they reach the surface. 
The copper-bearing mineral floats to the top; 
the nickel sulphide remains at a lower level; 
the iron-bearing mineral is lower stUl and the 
rock falls to the bottom. 
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The separation of copper from nickel is rough 
but effective, about half the copper being 
recovered by flotation, and the need for a furnace 
separation treatment of this part is thus elimi- 
nated. The pyrrhotite contains a good deal of 
nickel and goes forward for further treatment. 

Preparation of the ore for flotation involves 
CTusbiag and grinding to obtain a finely divided 
powder. This is carried out in ball and rod 
' mills, which feed the crushed material with water 
to bowl classifiers, which pass suitable material 
forward to the flotation tanks and return coarse 
material for further treatment. The tanks are 
divided into groups, the first producing copper- 
rich material and feeding the taflings to the group 
which produce a niiiel-copper concentrate. 
Both the concentrates are treated again to secure 
a better separation. Dewatering is carried out 
in settling tanks, in tray thickeners, and by 
filtration, the residual moisture being eliminated 
in the calcining furnaces. 

The object of calcining is to reduce the sulphur 
content to the point at which just enough is 
available to form a nickel-copper-iron sulphide 
matte for the next operation. The roasting is 
carried out in furnaces having free access to air, 
the sulphur being converted to sulphur dioxide, 
which is piped off with the other converter gases 
and used for the manufacture of sulphuric acid 
by the contact process, the acid in turn being 
used to produce the sodium acid sulphate which 
is required in the Orford nickel-refining process. 
The reaction is exothermic and no heat is 
required except for starting the furnaces. The 
sulphur content is reduced from 28 to 16% and 
the concentrate discharged to the reverberatory 
furnaces. 

Reverberatory furnace treatment is designed 
to eliminate the remaining ganguo, which is 
slagged off, and to bring the mixed sulphides to 
the molten state suitable for feeding to the 
converters. Revert slag from tho converters 
is also treated irith the sulphides for rccovcrj' of 
nickel and copper. 

Treatment in Bessemer converters, to elimi- 
nate the iron and further reduce sulphur b 3 '’ 
oxidation, is the final stage of smelting. Enough 
silica is added to form an iron silicate wliich can 
be slagged off. The resultant matte contains 
about 80% of nickel and copper. 

REFnaxo. 

The first process in refining is tho separation 
of tho copper from the nickel by the “ Orford ” 
process. This involves heating the matte in a 
cupola with sodium acid sulphate (mtro cake) 
and coke, which gives a molten product contain- 
sulphides of copper, nickel, and sodium. 
The copper and sodium sulphides unite in a 
which is lighter than tho nickel sul- 
pmde, so that when poured into pots the product 
settles into two lajmrs, the top portion being 
copper and sodium sulphides and the bottom 
portion nickel sulphide. The process is often 
reterred to as the “ tops and bottoms process.” 

A better separation is obtained by remelting the 
bottoms to produce “ second bottoms ” which 
contain about 1-5% of copper and 72% of nickel. 

■bmal refinmg is carried out by tho electrolytic 
process m Canada or by the “ Moud ” process in 
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South Wales. In the former method the cobalt 
content, which averages about 0-5%, remains in 
the nickel. In the Mond process the cobalt is 
isolated and recovered. Both processes permit 
the recovery of tho precious metal content of tho 
ore. The selenium and tellurium follow the 
copper and are recovered in tho copper refinery. 

Several treatments are necessary to produce 
nickel in the forms required in commerce, and 
as a preliminary to clectrol^’sis. The second 
bottoms are broken up, groimd, and any remain- 
ing sodium sulphide leached out with hot water. 
Hot dilute sulphuric acid is used to dissolve tho 
remaining iron. Tho copper is chloridiscd by 
calcining tho sulphide •with about 16% of coarse 
salt, the cuprous cliloride being then dissolved 
out with hot water. 

The product, now known ns green nickel oxide, 
is then calcined with soda ash, and tho sodium 
salts formed arc washed out with hot water. 
This produces a commercial product loiown as 
black nickel oxide, which has uses in tho potterj-, 
electrical, enamelling, and fat-hardening in- 
dustries. It is also used as a basis in tho pro- 
duction of various nickel salts. 

MotaUic nickel is produced from the sulphides, 
which are reduced to oxide in a different war'. 
Following treatment for romo%'nl of iron, the 
washed material is calcined with coko in 
Dwdght-Lloyd sintering machines. In these 
machines tho sulphides are carried on moving 
belts under a blast of air and flame and after 
one or two passes are converted to oxide. Tho 
sinter is then molted with coal and anodo scrap 
and cast into anodes. 

Purification of tho impuro nickel is achieved 
bj’ clcctrolj'sis, tho hot, nickel-bearing solution 
from tho anodo compartments being pumped 
over nickel powder to precipitate tho copper, 
passed through Dorr thickeners to eliminate 
solids, while air is blown through to oxidiso tho 
iron, which is precipitated ns ferric hj'droxide. 
The acid set free b^' tho h}’drol 3 'sis of Icrric iron 
is neutralised b 3 ' adding a suspension of nickel 
carbonate in water to tho solution. After filter- 
ing, tho solution flows to tho cathode compart- 
ments and tho nickel is deposited on starting 
sheets, from wliich it is stripped and cut up to 
form tho market product. Tho precious metals 
aro recovered from tho anodo slimes. 

The Mokd PEOonss. 

Tho nickel-refining process operated in South 
Wales is based on work carried out in tho Into 
Dr. Ludwig hlond’s laboratory in tho last 
century, when it was discovered that if carbon 
monoxide is passed over freshly reduced nickel 
at temperatures below fiO^o. a volatile metallic 
compound, nickel carbonyl, Ni(CO)^, results 
and that this compound can bo decomposed into 
nickel and carbon monoxide by heating to about 
ISO^o. When it was slioira that no other metal 
reacted in precisely tho same wa 3 ', tho possi- 
bilities of using tho reaction ns a now nickel- 
refining process wore apparent. 

Tlio process starts with ground sidphido pro- 
duced by tho Orford process. This is passed 
through ball mills to obtain a fine powder, which 
is calcined, the sulphur being eliminated ns 
sulphur dioxide. Tho resultant oxide is then 



NICKEL. 


466 

ground and reduced to metal by water gas 
containing roughly 60% of hydrogen and 36% 
of carbon monoxide. In the reducers, which 
are tail, cylindrical vessels, the oxide is passed 
over a series of superimposed plates, the reduc- 
tion temperature of approximately SfiO^c. being 
maintained by a hot-air circulating system. The 
water gas enters at the top and leaves at the 
bottom. Owing to the low temperature em- 
ployed, about 97% of the reduction is due to the 
endothermic reaction with the hydrogen, which 
is from twenty to forty times as. rapid as the 
exothermic reaction with carbon monoxide. 
The eiHuent gas, which is rich in carbon mon- 
oxide, is suitable for the formation of nickel 
carbonyl in the volatilisers. 

The reaction in the volatilisers, to which the 
crude metal is transferred, is exothermic, the 
heat generated being dissipated bj' radiation and 
conduction. A temperature of 50-60°c. is 
maintained. The metal travels downwards and 
the carbon monoxide upwards. The concen- 
tration in the exit gas ranges from 200 g. to 25 g. 
of nickel per cubic metre, the higher figure being 
reached in the first volatiliser. 

Decomposition is effected at a temperatme of 
about 180°c. In the decomposers the nickel 
carbonyl is brought into contact with heated 
nickel pellets on which the nickel is deposited. 
These pellets, when built up to about 10 mm. 
diameter, are the final product. Close tempera- 
ture control is required, as carbon monoxide is 
liable to break down into carbon and carbon 
dioxide at 200°o. The carbon monoxide released 
in the decomposers is returned to the reducers to 
form more carbonyl. 

The precious metal and cobalt contents of the 
ore are recovered from the residues from the 
volatilisers. 

The Peopebties of Nickel. 

Nickel exists in only one phase which is stable 
at aU temperatures. It has a magnetic trans- 
formation point at about 350°c., and changes in 
other physical properties occur at approximately 
this temperature, but whether these changes are 
interconnected is not known, as no alteration 
in the structure of the metal has been observed. 
The properties of the metal have been deter- 
mined by many investigators working with metal 
of different compositions, which fact, combined 
with the lack of uniformity in melting conditions, 
- heat treatment, and crystal structure, appreci- 
ably affects the results obtained and makes 
comparisons difficult. Several methods of pro- 
ducing nickel of academic purity have been 
employed during recent years and the results of 
work on high-purity material have been included 
where available. 

Production of High-Purity Nickel. — 
The usual method is to prepare high-purity 
nickel salts for conversion to oxide and reduc- 
tion with hydrogen or by direct electrolysis of 
the salts. Melting pure nickel in hydrogen or 
in vacuum involves the risk of contamination 
from the crucible. Electrolysis, even in a 
chloride bath, leaves traces of sulphur. The 
product of the carbonyl process tends to be 
contaminated by carbon and oxygen. The 
most satisfactoiy method, according to Wise 


and Schaefer (Met. and Alloys, 1942, 16, 424), 
is by electrodeposition from a very pure nickel 
chloride electrolyte, using insoluble iridium- 
platinum anodes. This method has yielded a 
product containing 99-99% of nickel and Cu 
0-0008, Fe 0-0006, Co 0-0003, and C 0-0025%. 

Influence of Impurities on Nickel.— 
The effect of impurities on the malleability of 
nickel was investigated by Merioa and Walten- 
berg (J. Res. Nat. Bur. Stand. 1926, 19, 155) 
who found that when nickel is melted in the 
presence of oxygen the oxide formed (NiO) 
forms a eutectic with nickel. The solubility of 
oxygen in molten nickel, over a range of tem- 
peratures, was determined by Hensel and Scott 
(Trans. Amer. Inst. Min. Met. Eng. 1933, 104, 
139) using vacuum fusion in an induction fur- 
nace. Absorption increased with temperature 
as shown by the following results: l,465°o., 
0-294%; 1,560°C., 0-423%; l,660°c., 0-526%. 
The nickel-oxygen diagram showed a eutectic 
at 0-214% oxygen at l,436°c. Turbulence and 
time increased the rate of absorption. Merica 
and Waltenbcrg found nickel containing nickel 
oxide, at least up to the eutectic composition, 
to be malleable. Nickel melted under hydrogen 
or under carbon monoxide also proved to be 
malleable. Their experiments showed that 
carbon monoxide, carbon dioxide, oxygen, and 
nitrogen in normal amounts did not render 
nickel non-malleable, but that sulphur had a 
profoundly adverse effect. They placed the 
permissible limit for sulphur in cast nickel 
below 0-005%. Electrolytic nickel containing 
less than 0-005% was malleable -without special 
treatment. As little as 0-01% of sulphur added 
to remelted electrolytic nickel rendered it almost 
completely non-malleable. They attributed the 
effect of sulphur to the formation of a eutectic 
film of nickel and nickel sulphide (NigS^) on 
each metallic grain of nickel, which lowered the 
inter crystalline cohesion of the mass of grains 
even at low temperatures. This eutectic 
melted at 630°c., and at higher temperatures 
there was practically no cohesion between the 
nickel grains. The addition of 0-5-l-0% of 
manganese to nickel containmg more than 0-01% 
of sulphur improves malleability. Manganese 
combines with nickel sulphide to form man- 
ganese sulphide and nickel, the two forming a 
eutectic melting at l,326°c. Distribution is in 
the form of small globules along the grain 
boundaries. The addition of 0-05-0-10% of 
magnesium completely restores malleability. 
Magnesium sulphide is insoluble in molten nickel 
and is foimd dispersed throughout the grains. 
Magnesium is also used as a degasifier. 

Hydrogen is readily soluble in nickel. When 
the metal is heated or in the molten state, the 
gas is occluded. The precise form in which the 
hydrogen exists has not been determined, but 
Huttig (Z. angew. Ghem. 1926, 39, 67) has sug- 
gested -that the gas forms a compoimd -with 
nickel and that the balance is in the form of a 
solid solution, the relative amounts of each 
varying -with temperature. The solubility of 
hydrogen in nickel was determined by Sieverts 
(Z. Metafik. 1929, 21, 37), but his figures have 
been disputed. As -with other gases in metals, 
the solubility of hydrogen at a constant tempera- 
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ture is proportional to the square root of the 
pressure. The adsorption of hj'drogen by nickel 
has been investigated by many workers . Tajdot 
and Burns (J. Amer. Chem. Soc. 1921, 43, 
1273) found that nickel reduced at 600-700°o. 
adsorbed comparatively little hydrogen, an 
interesting point as nickel reduced at this 
temperature is inert as a catalj'st. Huntzicker 
and Kahlenherg (Trans. Electrochem. Soc. 
1933, 63, 349) investigated the relationship of 
hydrogen to specially prepared pure nickel, and 
concluded that nickel was normally a passive 
metal, but that the presence of hydrogen raised 
its activity so that it replaces copper, silver, and 
other metals from solutions. 

No figures are available on the solubility of 
nitrogen in nickel, but Lombard (Rev. hlct. 
1929, 26, 343) investigated the diffusion of 
nitrogen through nickel and found it to be verj' 
low, indicating a low solubility in the solid state. 
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The presence of nitrogen in gas extracted from 
nickel has been reported. _ 

Crystal Structure and Lattice Dimen- 
sions.— Nickel crystallises in face-centred cubes. 
The side of the unit cube was found by Kennedy 
(J. Res. Nat. Bur. Stand. 1930, 5, 1300) to bo 
3-525 A. This figure for the lattice dimension 
gives a calculated density of 8-917 g. perji.e. : 
experimentally determined values of 8-907 for 
cast and 8-901 for worked material were obtained 
from the same material. The maximum density 
was obtained in coarsely crystalh'scd ingut 
metal. Owen and Yates (Rliil. j\Iag. 1936, [viij, 
21, 809) obtained a figure of 3-51645 a. at O'c. 
by X-ray measurements. Thej' confirmed that 
the stnicturc remained face-centred over the 
range investigated, 0-000°c. 

Melting-Point and Latent Heat of 
Fusion. — Wcnsel and Rocser (J. Res. Nat. Bur. 
Stand. 1930, 5, 1300), using the optical pyro- 
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meter method, found the melting- or freezing- 
point of high-purity nickel to be l,455°o. They 
checked this value with many determinations. 
The generally accepted melting-range' for com- 
mercial nickel is l,435-l,445°c. 

White (Chem. Met. Eng. 1921, 25, 17) deter- 
mined the latent heat of fusion of a nickel molt- 
ing at l,450°c. to be 73 g.-cal. per g. 

Specific Heat. — Sykes and Wilkinson (Proc. 
Physical Soc. 1938, 50, 834) give the following 
values (in g.-cal. per g. per °o.) for specific heat, 
being the average for samples of vacuum-melted 
and of sintered carbonyl nickel of high pm-lty : 
100°c., 0-1123 ; 200°C., 0-1225 ; ' 300°C., 0-1367 : 
400°c., 0-1267 ; 500°c., 0-1265 ; OGO^c., 0-1326. 
MTiite (Chem. and Met. Eng., 1921, 25, 17) 
states that the mean specific heat between 20°C. 
and the melting-point is 0-134 g.-cal. per g. per 
°c. Values obtained by earlier investigators arc 
given by Stoner (Phil. hlag. 1936, [vii], 22, 81) 
m a review of the factors involved in determining 
the specific heat of nickel. 

Appearance and Colour.— Mckei has a 


lustrous, silver-white colour with a slight, steel- 
grey tinge. Tho metal is sufficiently hard to 
take a mirror polish. 

Density. — Tho density of nickel is 8-90 g. 
per c.c. Peffer (J. Res. Nat. Bur. Stand. 1930, 
5, 1299), using high-purity nickel, prepared by 
Jordan and Swanger, obtamed a value of 8-90*7 
g. per c.c. at 23“o. for ingot metal, and 8-901 g. 
per c.c, at 25°c. for rolled material annealed at 
950°c. 

Electrical Resistivity and Temperature 
Coefficient.— Wonner and Caldwell (J. Res. 
Not. Bur.' Stand. 1930, 5, 1301) found tho 
electrical resistivity of high-purity nickel to bo 
7-236 and 7-290 microhms per cm. cube at 20°o. 
for annealed and cold-drawn material, respec- 
tively. The temperature coefficient of tho 
resistivity of tho metal per °o. between 0° and 
100°o. was 0-00667. Wise and Schaeffer (Met. 
and Alloys, 1942, 16, 424) give values of 6-141 
(0°o.) and 6-844 microhms per cm. cube (20°C.), 
tho figures being based on determinations lij 
Umbreit on high-purity electrolytic nickel. 
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The temperature coefiScient was 0-00682. The 
electrical resistivity of commercial nickel is 
generally higher, and is usually iu the range of 
9-10-5 microhms per cm, cube. 

Magnetic Properties. — ^Nickel is ferro- 
magnetic below, and paramagnetic above, the 
magnetic transformation point. The Curie point 
depends somewhat on previous history. Sanford 
(J. Ees. Nat. Bw. Stand. 1930, 5, 1302) 
made several determinations by the magneto- 
metric method, using an astatic magnetometer 
and gave an average value of 380°o. on heating 
and 371°c. on cooling from approximately 
500°a. Kussmaim and Schultz (Physikal. Z. 
1937, 38, 42) studied the question of the Curie 
point and its relation to the change point in the 
temperature-electrical resistance curve. They 
concluded that one property cannot be deduced 
from the other and that the Curie point in a 
perfectly homogeneous material is an absolute 


in Kg. 2. The maximum permeabilities ob- 
tained were : 


- (Ill) . 

• • • 

3,090 

(110) . 


2,100 

(100) . 


1,820 

Hysteresis : 

Be. 

Br. 

(100) . . 

. 0-8 

1,500 

(110) . . 

. 0-6 

1,800 

(Ill) . . 

. 0-5 

1,200 


The magnetic induction of polycrystalline 
high-purity nickel as determined by Yensen 
(ibid. 1942, 16, 427) is shown in Kg. 3, -with a 
portion of an hysteresis loop from B 6,000. The 
coercive force (He), from 5=5,000 gauss, was 
foimd to be 2-73 oersteds per cm. 

The ferromagnetic change in length per unit 
length for nickel of 99-98% pinity was found 
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PuEiTY (Single-Cbystal) Niokel. 


Fig. 3. — ^Magnetio IirotrcTroN of -veey Puee 
POLTOBTSTALLINE NiOKEL. 


point and not a range. The mean value obtained 
by these investigators was approximately 353°o. 
Earlier workers obtained values varying from 
330“ to 368°o. 

Sanford investigated the magnetic properties 
of high-purity nickel both as cold-worked and 
after annealing. The effect of annealing on the 
normal induction is shown in Fig. 1. His value 
for the saturation value of intrinsic induction 
(■B H) 00 was 6,150 gauss ; this figure was 
obtained by earlier workers. Bozorth and 
Williams (Met. and Alloys, 1942, 16, 427) give 
a figure of 6,500 gauss, which was estimated from 
results obtained in examining the magnetic 
properties of single-crystal nickel made by 
melting very fine nickel powder in pure hydrogen. 
The saturation value is a function of the con- 
stitution and is not otherwise dependent upon 
its condition. 

Bozorth and Wilhams (l.c.) also examined 
the magnetic induction and permeability of the 
same nickel. The permeability values are given 


by Owen and Yates (Phil. Mag. 1936, [vii], 21, 
809) to be about 2-4x 10~^, which is much higher 
than the values previously recorded for nickel 
of lower purity. 

Thermal Expansion. — Owen and Yates 
measured the thermal expansion of 99-98% 
pure nickel by X-ray measurements at 0-600°o. 
The lattice parameter was measured, and it was 
foimd that up to 370°c. the lattice expanded 
gradually at tot but rapidly between 310° and 
370°o., until at the latter temperature it had an 
abnormally high coefficient of expansion, but 
there was no evidence of thermal hysteresis. 
Above 370°c. the coefficient of expansion rapidly 
decreased, falling to quite a low value before 
assuming at 420°c. a value which increased up 
to the highest temperature at which the measure- 
ments were made. The results are given in 
Table I. 

Adensted (Ann. Physik, 1936, 26, 69) reported 
on the thermal expansion of nickel (99-8% 
purity) at low temperatures (0° to — 196°o.). 
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Table I.— Thehmal CoEEncoENT of 
Espaesion of Nickel. 


Temperature, 

° 0 . 

Lattice 

parameter, 

A. 

Thermal 
coeffleient of 
expansion, 

X 10~«. 

0 

3-5X645 

13-5 

100 

3-52125 

14-6 

200 

3-52637 

15-8 

300 

3-53177 

16-6 

350 

3-53477 

23-0 

360 

3-53575 

25-8 

370 

3-53664 

26-0 

3S0 

3-53730 

17-6 

390 

3-53786 

15-0 

400 

8-53842 

15-6 


3-54462 

17-6 


3-55087 

17-8 


His measurements sltoived good agreement -with 
those obtained much earlier by Griineisen {ibid. 
1918, 55, 371). The average coefficient for the 
range 0° to — 180°C. is 10-22 X 10~®. 

Hidnert (J. Ees. Nat. Bur. Stand. 1930, 5, 
1301) measured expansion on high-purity nickel 


from 25° to 900°o., and attempted to locate^ a 
transformation region between 300° and 400°c. 
An irregularity in the rate of expansion at 360 o. 
was noted. 

Thermal Conductivity.— Van Dusen and 
Shelton (ibid. 1934, 12, 429) measured the 
thermal conductivity of commercial nickel and 
nickel of 99-94% purity; their results arc given 
in Table II. 

Table II. — Therjial CoKnEcnviTY of 
Nickel ie C.G.S. Ueits. 


°0. 

Commercial 

nickel. 

HlRh-purity 

nickel. 


0-155 

O-IOS 


0-143 

0-175 

800 

0-131 

0-162 

400 

0-125 

0-142 

500 

0-130 

0-148 

600 

0-136 


Thermoelectromotive 

Force. — The 


thermoclcctromotivo force of high-purity nickel 
against platinum was measured by Cnldwoll 



{ibid. 1930, 5, 1304). Nickel is thermoelectricaUy 
negative to platinum. Prom the figures given 
in Table III, it will be noted that there is a 

Table III. — Thermal Electromotive 
P oRCE OF Nickel agaznst Platieum. 


Tempera- 
true of 
hot 

junction, 

"c. 

E.m.f. 

Pt-Ni, 

millivolts. 

Tempera - 
true of 
hot 

junction, 

°c. 

E.m.f. 

Pt-Ni, 

millivolts. 

100 

1-485 

700 

8-105 

200 

3-105 

800 

9-350 

300 

4-590 

900 

10-695 

400 

5-450 

1,000 

12-130 

500 

600 

6- 165 

7- 040 

1,100 

13-625 


change in the region of the magnetic trans- 
formation point. The values were taken with 
the cold junctions at 0°c. 


Electron Emission. — The electron emission 
from nickel has been investigated by Benjamin 
(Phil. Mag. 1935, [vii], 20, 7). Por wireless valve 
cathodes, ordinary commercial nickel, which 
contains traces of the activating elements 
magnesium and silicon, is widely used. Oxide- 
coated cathodes of high-purity nickel (99-99%) 
give ^ only 30-80% of the emission normally 
obtained from the commercial product. Ben- 
jamin tested the behaviour of a series of low- 
alloy-content nickel cores. The initial emissions 
ho obtained are given in Table IV. 

The purity of the nickel is given as probably 
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Table IV. — ^Elboteon Emission bbom Oxide- 
coated Nickel Wiee. 


Composition. 

Average emission at 
1,020°K. (747°C.) in 
milliamp. (40 v. on the 
plate). 

Nickel 

31 

Ni-l-0'07% Mg . . . 

45 

Ni-fO-1% Ti, 0-37% Fe . 

45 

Ni-f 0-39% Ti, 1-1% Fe . 

46 (from curve) 

Ni-f2-0% Al . . . . 

50 

Ni-t-0-34% Mn . . . 

20 

Ni -1-2-33% Fe . . . . 

22-5 


Thermal Reflectivity, Emissivity, and 
Diffusivity. — The thermal reflectivity of 
nickel is high and the thermal emissivity is low. 
Reflectivities of nickel for radiation of long 
wave-lengths (infra red) are 0-835 at 2)1.. and 
0-870 at 3/i. Bamea (Physical Bev. 1929, [ii], 
34, 1026) gives the figure for the total emissivity 
as 0-19 at l,000°o. Frazier (ibid. 1932, [ii], 40, 



Temperaturp -°C. 

Fig. 6. 

692) has reported on the thermal diffusivity of 
nickel of 99-25% purity, and obtained the value 
11=0-1500. Starr (Rev. Sci. Instr. 1937, 8, 61) 
measured the thermal diffusivity of high-purity 
nickel (99-98%) and found the value at 25°c. 
to he /f=0-15885i0-0100009 sq. cm. per sec. 

Optical Properties. — Polished nickel re- 
flects a high percentage of incident light ; many 
uses of electrodeposited coatings, notably lamp 
reflectors, are based on this property. 

Meyer (Ann. Physik, 1910, 31, 1017) found the 
optical constants for A=0-589/t. to be: reflec- 
tivity 65-5%; absorption index (K) 3-42%; 
refractive index 1-68%. 

Coblentz and Stair (J. Res. Nat. Bur. Stand. 
1930, 5, 1300) measured the ultra-violet re- 
flecti-vity of high-purity nickel ; their results are 
compared with the reflectivity of electro-plated 
nickel and commercial nickel in Fig. 4. 

Hlucka (Z. Physilc., 1935, 96, 230) measured 
the reflectivity of nickel in the spectral region, 
and Geoghegan (Brit. J. Phot. 1934, 23, Suppl. 


45) compared the reflectivity of nickel -with 
magnesium oxide and electro-silver and obtained 
values of 35-48 and 63-10, respectively. 

Vapour Pressure.--The vapour pressure of 
nickel has been determined by Jones, Langmuir 
and Mackay (Physical Bev. 1927, [ii], 30, 201)! 
Their results are shown in Fig. 5, 

Velocity of Sound. — ^The velocity of sound 
in sheet nickel was measured by Wood and Smith 
(Proc. Physical Soo. 1935, 47, 149) and found 
to be 5-71 X 10’ cm. per second. 

The Mechanical Pbopeeties oe Pueb 
Nickel. 

Very little information is available on the 
mechanical properties of high-purity nickel, 
most work having been carried out on com- 
mercial-grade material. Average tensile values 
of the latter are given in Table V. 

Table V. — Tensile Pbopeeties. 


Condition. 


Hot rolled . 

Cold drawn 
24% re- 
d u ction, 
stress re- 
1 i e V e d 
300°O, 3 
hours . 

Cold drawn, 
annealed 
790°C., 3 
hours . 


Yield strength, 
tons per sq. in. 

0-1% 

perma- 

nent 

set. 

0-2% 

perma- 

nent 

set. 

10-3 

10-7 

27-1 

27-7 

10-9 

11-9 


Jlaxi- 


mum 

stress, 

tons 

Elon- 

gation, 

o/ 

per 
sq. in. 

/o* 

31-7 

44-5 

38-7 

83-0 

32-7 

46-0 



Tensile Strength and Elongation. — 
Jordan and Swanger (J. Res. Nat. Bur. 
Stand. 1930, 5, 1291) found the tensile strength 
of high-purity nickel to be 32-9 kg. per sq. mm. 
Determination of the elongation was not possible 
because the surface of the bar was roughened 
by the tension loading and the gauge marks 
obliterated. The investigators stated that the 
elongation was certainly 25% in 2 in. and 
probably considerably more. 

Bansley and SmitheUs (J. Inst. Metals, 1932, 
2, 287) have examined the properties of nickel 
wire of varying degrees of purity. The effect of 
minor constituents on the tensile strength and 
elongation of 0-Q425 mm. diameter wire after 
annealing at various temperatures is shoivn in 
Fig. 6. It -will be seen that the values for pure 
nickel (99-91% including cobalt) fall with low- 
temperature annealing, while the other com- 
positions show a slight increase in tensile strength 
when annealed below 400°o. Values for the 
recrystallisation temperature are given in 
Table VI. 

The effect of minor constituents on the tensile 
strength up to l,000°c. of the same -wires is 
sho-wn in Fig. 7. It -will be noted that all the 
wires have a well-defined arrest over the range 
300-450°o., except the high-purity nickel, in 
which there is scarcely any indication of a break. 
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Table VI. — ^Reobystalusation 
Tempeeatxjees. 


Material. 


°c. 


Pure nickel (99-91%, including cobalt) . . 

Nickel+Iron (2-33%) 

Nickel +Manganese (0-3i%) 

Nickel+Magnesium (0-07%) 

Commercial nickel (99-39%, including cobalt) 


480 

680 

620 

040 

640 


Hardness. — Jordan and Swanger (J. Ees. 
Nat. Bnr. Stand. 1930, 5, 1291) measured the 
hardness of their high-purity nickel and obtained 
the following values : soleroscope 5-0 ; Rockwell, 
100 kg., f-in. ball, 42-44. 

Fetz (Trans. Amer. Soc. Met. 1937, 25, 1030) 
investigated the point of recovery of cold- 
worked nickel at elevated temperatures. Ho 


found the turning point of the hardness- 
recovery curve of high-purity nickel (99-99%), 
80% cold-rolled, at 463°o. (30 minutes anneal). 
Electrolytic nickel (99'866%) as deposited 
recovered from an 80% reduction at 440°o. 
For recrystallised material the turning point was 
454°c. Tho truning points of the hardness- 
recovery curves of cold-roUed nickel wore found 
to be directly proportional to tho amount of cold 
work. Increasing tho reduction by 10% lowered 
tho softening temperatiue by 23-3%. 

In cold-rolled electrolytic nickel tho Hebyo 
lines become completely sharp on annealing 
before the hardness recovers from cold work. 
Tho increase of strain-hardening during cold- 
rolling is not a linear function of the amount of 
cold work. A slight increase of hardness takes 
place before tho release of strain-hardening. 
This maximum hardness has nothing to do with 
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the slight rearrangement of atoms preceding the 
magnetic transformation. 

The rate of strain-hardening of reorystallised 
electrolytic nickel during cold-rolling is^ shorm 
in Eig. 8. The softening of the same nickel in 
relation to reduction is shown in Eig. 9. 


The effect of other elements present upon the 
recovery of highly pure nickel was studied by 
Eetz in a subsequent paper {ibid. 1938, 26, 961). 
The presence of Q-11% of cobalt had no Wect. 
Tin affected the recovery profoundly, 0-25% 
moving the recovery range upward by more than 
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200°o. Additions of 0-26 and 0-76% of sih'con 
raised the range 100° and 140°o. respectively. 
The action of copper was mild ; the presence 
of 0'76% raised the softening temperature of 


severely cold-worked carbonyl nickel by only 
50°c. 


Table Vn. — Compeessive and Impact 
Pkoperties of Nickel. 



[ Compression. 




Condition. 

Yield strength, 
tons per sq. in. 

Brineli 

hard- 

ness. 

Izod, 
ft. Ih. 

Charpy, 
ft. lb. 


0-1% 

perma- 

nent 

set. 

0-2% 

perma- 

nent 

set. 

3,000 

kg. 

Hot rolled. 

Cold drawn, 
24% re- 
d u ction, 
stress re- 
lieved 3 
hours at 

9-6 

10-3 

107 

120 

200 

300“o. . 
Cold drawn, 
annealed 

3 hours at 1 

24-6 

26-0 

177 

120 

204 

TSO^c. . 

100 

11-7 

109 

120 

228 
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Compressibility. — Values for compression 
and impact properties of commercially pure 
nickel obtained by Gatlin and Mndgo (Proc. 
Amer. Soc. Testing Materials, 1938, 38, 269) 
are given in Table VII. 


Modulus of Elasticity.— Tho modulus of 
elasticity of nickel lias_ been determined by 
several workers and varies between 21,000 and 
23,000 kg. per sq. mm. (29,000,000-32,000,000 
lb. per sq. in.). 



Fio. 9. 


Poisson’s Ratio. — Benton (Physical Rev. 
1900, [ii], 12, 36) gives Poisson’s ratio for nickel 
as 0-33. Wise and Schaeffer (Met. and Alloys, 
1942, 16, 424) give tho figure 0'31, based on 
work by Vose. 

CHEMICAL COkIPOUNDS OF NICKEL. 

Nickel Oxides. — ^The monoxide (NIO), 
foimd native as bnnsenite, is tho cliief o.xido of 
nickel. It may be prepared by calcining the 
carbonate, nitrate, hydroxide, chloride, bromide, 
iodate, or chlorate ; or by heating nickel with a 
neutral solution of sodium sulphate at 200°o. It 
is also obtained by the electrolysis of a solution 
of a nickel salt and sodium acetate, the oxide 
forming at the anode. 

Nickel oxide is a green crystalline powder, tho 
shade varying with the method of preparation. 
When heated the oxide tiims yellow. It is 
reduced by heating in hydrogen. Tho com- 
moner salts are prepared from the monoxide. 
Commercial black oxide, prepared at a relatively 
low temperature, dissolves in acids much more 
quickly than oxides produced at higher tempera- 
tures. 

Several suboxides have been described by 
various investigators but their identity is doubt- 
ful. NickeUe oxide (NigOg), obtained by gently 
heating the carbonate in air, is believefi to be a 
combination in variable proportions of tho 
monoxide and the peroxide, NiO.NiOj. 

Nickel dioxide or nickel peroxide (N i O,) may bo 
obtained in the hydrated form by the action of 
hypochlorites on the monoxide in an allcaline 
solution. The dioxide dissolves in acids, form- 
ing nickelous salts. With sulphuric acid it 
forms nickelous sulphate; with hydrochloric 
acid it forms chlorine, 


Salts of a hypothetical trio?ddc, NiOj, have 
been reported. HoUard (Conipt. rend. 1903, 
186, 229) prepared a tetroxido (NiO^) by elec- 
trolysis. There is some doubt ns to the oxisteneo 
of some of tho higher oxides of nickel which have 
been reported; tho monoxide and tho dioxide 
are tho only two oxides of importance. 

Nickel oxide is used ns n colour and ground 
coat constituent in pottcrj' and vitreous enamel- 
ling and for tho preparation of a catalj'sb in fnt 
hardening. It is also used for tho production of 
other nickel salts. 

Nickel Acetate. — ^Nickel acetate, 

(CH3COO)jNi,4HoO, 

is obtained by .dissolving nickel or tho oxido in 
acetic acid and evaporating. Tho ncotato is 
precipitated ns a green crystalline mass or 
powder. It is soluble in water but insoluble in 
alcohol. 

This salt finds limited use in electroplating 
solutions, and ns a mordant in printing cotton 
goods and dj'eing. 

Nickel Bromide. — ^Nickel bromide, NiBr^, 
may bo prepared by dissolving nickel hydroxide 
in hydrobromic acid, or by heating finely divided 
nickel in bromine vapour. Tho colour of this 
salt varies from a straw yellow to a dark brown. 
If heated, it turns a gold colour, and at higher 
temperatures sublimes in golden scales. This 
salt is very hygroscopic and forms a trih 3 'drato 
NiBPg.SHoO. Nickel bromide is soluble in 
hydrochloric acid and decomposes in nitric acid. 
It can be reduced by hydrogen, the reaction 
being reversible. 

Nickel Carbonate. — Nickel carbonate, 
NiCOj, is obtained by heating a solution of 
mckel chloride with calcium, carbonate at I60°c. 
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The anhydrous carbonate forms pale green, 
transparent, microscopic rhombohedra. 

The hexahydrate, NiCOg.GHaO, is obtained 
by mixing sodium or ammonium bicarbonate 
and a solution of nickel nitrate. The hexa- 
bydrate readily loses -vrater. The pale green 
precipitates obtained by the addition of an 
alkab carbonate to a nickel salt are basic car- 
bonates ; the compositions vary according to the 
precipitant used and other factors. 

Nickel carbonate is insoluble in ■water but is 
soluble in dilute mineral acids and in a solu- 
tion of ammonium carbonate. Pale green in- 
soluble flakes of ammonium nickel carbonate are 
precipitated from the latter on exposure to air. 

The carbonate is used as a colour in ceramics 
and glazes, for the preparation of a catalyst in 
fat hardening, and in plating. 

Nickel Carbonyl. — ^The production, pro- 
perties, and uses of nickel carbonyl ■were 
described by E. L. Mond (J.S.C.I. 1930, 49 , 271) 
and later by Trout (J. Chem. Educ. 1937, 453 , 
575). The compoimd at normal temperatures 
exists as a colourless bquid ■with a specific 
gra^rity of 1-38 and the rather high coefficient 
of expansion of O-OOIS. The sobd melts at 
— 25°c., and the boiling-point of the liquid is 
44°c. The vapour density ■was determined, by 
Victor Meyer’s method, by L. klond and his 
collaborators, who obtained a value of 86-7 at 
50°o. Increased temperature makes the liquid 
unstable. Dewar and Jones (Proc. Roy. Soc. 
1903, 71, 427) found that slight dissociation 
began at 63°c., and it appeared to be almost 
complete at 155'’c. at atmospheric pressure. 
They foimd increase of pressure decreased 
decomposition. Mittasch (Z. physikal Chem. 
1902, 40 , 1), who obtained similar results, found 
traces of air to inhi bit the reaction, the effect 
being counteracted by small amounts of hydro- 
gen sulphide and accelerated by traces of mer- 
cury. He gave the heat of formation as 43-36 
g.-cal. per g. 

Nickel carbonyl is diamagnetic. Oxley (Proc. 
Camb. Phil. Soc. 1911, 16, i, 102) found the 
value for the magnetic susceptibility to be 
—4-81x10“'^. Its refractive and dispersive 
powers are very high. Mond and Nasini (Z. 
physikal. Chem. 1891, 8, 154) gave the molecular 
refraction as 58-63 and the coefficient of dis- 
persion as 1-1236 

The ■vibrational spectrum and the thermo- 
dynamic properties of nickel carbonyl were dis- 
cussed by Cra-wford and Cross (J. Chem. Physics, 
1938, 6, 525). 

Oxidising agents such as nitric acid, chlorine, or 
bromine attack the carbonyl. Dewar and Jones 
( J .C.S. 1904, 19 , 5) found that it was completely 
decomposed by solutions of the halogens and 
by those of the cyanogens and sulphur. The 
liquid may be distilled ■without decomposition. 
No compound of nickel carbonyl is kno^wn. 

Apart from its use in nickel refining, the 
carbonyl has no important commercial use. 

Nickel Chloride. — ^Nickel chloride, NiClg, 
is formed when finely divided nickel is heated 
in chlorine. It is also obtained by heating-nickel 
sulphide ■with chlorine, when chlorides of nickel 
and sulphur are sublimed. The nickel chloride 
forms golden, crj-stalline scales. It dissolves in 


water, ■with the evolution of heat, and a green 
hexahydrate (NiCl2,6H20) can be crystallised 
out from the solution. The anhydrous chloride 
absorbs ammonia, forming a near-white com- 
pound, NiCl2,6NH3, which is soluble in water. 
Nickel chloride is reduced by heating in h3-dro- 
gen. If heated in a current of air and hydrogen 
chloride, chlorine is evolved, so that this salt can 
replace the copper salt used in Deacon’s process 
for chlorine. 

Nickel chloride is employed as a colour for 
pottery, as a catalyst for the purification of coal 
gas, in electroplating solutions, and as an 
absorbent of ammonia in gas masks. 

Nickel Cyanide. — Nickel cyanide, Ni(CN)2, 
is predpitated as apple-green plates or powder 
if potassium cyanide is added to a solution of 
nickel salt. It loses its water of crystallisation 
at 200°c. and decomposes on further heating. 
It is readily soluble in solutions of potassium 
cyanide and ammonium hydroxide. 'The double 
salt, Ni(CN)2,2KCN, can be crystallised from 
a solution if potassium cyanide is added in 
excess. This salt is decomposed by dilute acids. 

Nickel Dimethylglyoxime. — ^Nickel di- 
methylglyoxime. 


MeCrNO— Ni— ONiCMe 

K I 

/ \ 


/ \ 


MeC:NOH HON:CMe 


is probably the commonest form in which nickel 
is precipitated and weighed in assaying. It is 
a scarlet powder and may be obtained by adding 
a solution of dimethylglyoxime in alcohol to an 
ammoniacal solution of a nickel salt. It is in- 
soluble in water, acetic acid, and ammonia, but 
soluble in absolute alcohol. 

Nickel Fluoride. — Nickel fluoride, NiFj, 
is prepared bj^ evaporating a solution of the 
carbonate in hydrofluoric acid. The fluoride 
crystallises in elongated, yellowish-green prisms. 
It is almost insoluble in water. By heating in 
hydrogen it is reduced to metal. If heated in 
air it is converted to oxide. Nickel fluoride is 
used to a limited extent in electroplating 
solutions. 

Nickel Nitrate. — Nickel nitrate, Ni(N03)2, 
is produced by dissol-ving nickel, the oxide,_or 
the carbonate, in nitric acid. On evaporation 
the hydrated salt is obtained in monoclinic 
crystals. This salt is soluble in both water and 
alcohol. 

Anhydrous nickel nitrate is a greenish-yellow 
powder. The hexahydrate, Ni(N0s),6H20, 
forms in emerald-green plates. Several other 
hydrates exist. 

The salt has a limited ■use for the preparation 
of a catalyst in fat hardening and as a colour 
in ■vitreous enamels. 

Nickel Sulphate. — ^Nickel sulphate, NiSO^, 
occurs native as morenosite, identified by a deep- 
green efflorescence which Cronstedt observed on 
nickel-copper ores. It is also found in acicular 
crystals, thin prisms, and fibrous forms. The 
salt is formed by dissolving nickel, the hydroxide, 
or the carbonate, in dilute s'ulphuric acid, eva- 
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poration at normal temperatures giving emerald- 
green crystals of the heptahydrate, 

NiSOiJHoO. 

Nickel sulphate is soluble in -water. The 
percentage solubility, as given by Steele and 
Johnson (J.C.S. 1904, 85, 113) is 21-4, 30-2, 34-5, 
43-3, and 46-5 at 0°, 31-5“, 63-3“, 99“, and 100°c.^ 
respectively. The solid phase changes at 31'5 
from NiSO^.THjO to NiSO^.eH.O. The 
monohydrate is insoluble in alcohol and ether, 
but the heptahydrate is soluble in alcohol. The 
chief use for the single salts is in electroplating ; 
they are also used in the manufacture of paints, 
varnishes, ceramics, in the blackening of brass 
and zinc, and as a mordant in dyeing and print- 
ing textiles. 

Nickel sulphate forms double sulphates -with 
the sulphates of many other metals. Nickel 
ammonium sulphate, 

NiS04,(NH4)2S04,6H20, 

■which is used in electroplating, is the most im- 
portant of the double sulphates.' It is produced 
by dissol-ving the monoxide in sulphuric acid 
and adding ammonium sulphate to a concen- 
trated solution. It is purified by recrystallisa- 
tion, and forms bluish-green prisms. 

CORROSION RESISTANCE OF NICKEL. 

Nickel occupies a position next to the brasses 
and bronzes in the electromotive series. It docs 
not cause the emission of hydrogen from the 
commoner acids and the presence of some 
oxidising agent, such as dissolved air, is neces- 
sary for corrosion to proceed. As a rule, 
oxidising conditions accelerate the corrosion of 
nickel and reducing conditions retard it. Under 
some forms of attack nickel develops a corrosion- 
resisting or passive oxide film, so that corrosion 
is not always accelerated by oxidising conditions. 

Atmospheres. — ^When used indoors nickel 
remains fairly free from tarnish, but -when ex- 
posed outdoors it acquires a thin, adherent 
coating, usually a basic sulphate. In rural or 
marine atmospheres, attack is slew ; in industrial 
districts the presence of sulphur has an ac- 
celerating effect. 

Waters. — Both fresh water and sea water 
attack nickel very slowly. Stagnant exposure, 
where pockets of fluid occur, may cause pitting 
or locahsed corrosion. 

Salt Solutions. — ^Neutral or alkaline salt 
solutions have only a sb'ght effect on nickel, 
which is frequently used in contact -with acetates, 
carbonates, chlorides, nitrates, and sulphates. 
Oxidising salt solutions, whether acid or aUialino, 
are corrosive, and even weak solutions of the 
chlorides of iron, mercury, and copper, in tho 
presence of chromates, nitrates, and peroxides, 
cause serious corrosion. 

Acids. — ^Nickel is often used in contact -with 
sulphuric acid solutions, but it is attacked at aU 
concentrations. Maximum attack occurs -with 
5% acid concentration, and decreases uniformly 
TOth increasing acid concentrations up to about 
80% acid. Above this point corrosion rates are 
high. Both hydrochloric and phosphoric acids 
corrode nickel, the former rather rapidly under 
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most conditions. Oxidising compounds often 
present in commercial phosphoric acid, ^ ac- 
celerate corrosion. Sulphurous acid solutions 
corrode nickel rapidly. Sulphur dioxide, often 
used in small percentages for the preservation 
of food products, produces a dark tarnish. Tho 
presence of hydrogen siilpliido in solutions tends 
to increase corrosion ; this is noted particularly 
in the case of brines. 

Nitric, nitrous, and other oxidising acids 
corrode nickel rapidly. Tho presence of ferric 
and cupric salts, peroxides, and chromates also 
results in high corrosion rates. 

Acetic, malic, tartaric, formic, and other 
organic acids at normal temperatures and in 
low concentrations do not corrode nickel unduly. 
High temperatures and aeration increase tho 
rate of attack; hot solutions usually _ cause 
pitting. Stearic, oleic, and other fatty acids arc 
raodcratclv corrosive. 

Alkalis'.— Nickel is almost completely 
resistant to alkali attack. The rate at which 
nickel corrodes when in contact with highlj' 
concentrated sodium hydroxide solution depends 
on tho carlj’- formation of a thin, dark, oxide 
film, which usuallj' develops at temperatures 
above 300°c. Below 200°c. a green oxide film, 
with no protective properties, may bo formed. 
With tho dark film, corrosion rates arc low, 
Tho presence of sulphur accelerates corrosion. 

Anhydrous ammonia docs not corrode nickel, 
butaqueous ammonia and ammonium hi'droxidc 
are very corrosive, except in concentrations 
under 1%, 

Gases. — ^Nickel is resistant to attack by dry 
gases at normal temperatures, biit if moisture is 
present sulphur dioxide, aminonia, nitrogen 
o.xidcs, chlorine, and other halogens arc cor- 
rosive. Sulphur gases attack nickel above 
about 350°o., c.specially in a reducing atmo- 
sphere. Sidphur dioxide is less corrosive to an 
alloy of nickel and 4% of manganese. 

Steam. — ^Normally, steam does not corrode 
nickel below about 400°c., but at higher teni- 
poraiurcs intcrcr 3 ’stnlUno attack occurs, Tho 
carbon dioxide content of the steam is an im- 
portant factor. 

Molten Metals. — ^Nickel has no useful 
resistance to molten metals, but at temperatures 
under about 3u0°c. it maj' bo used in contact 
with mercurj\ Cracking in locally stressed 
areas is hkoly unless tho metal has been given 
a “ strcss-roliof ” anneal. 

NON-TOXICITY. 

Tho phj'siological action of nickel has been 
studied bj"- many workers from different view- 
points. Bertrand and Mokragnatz (Corapt. 
rend. 1922, 175, 112, 458) examined twentj"- 
raw foodstuffs and found nickel to bo present in 
all, tho content ranging from 0-01 mg. jmr kg. 
in tomatoes to 2 rag. per kg. in peas. Nickel 
has also been found in various organisms, 
mosses, and plants. Lehmann (Arch. Ilj'g, Bnkt, 
1909, 73, 421) investigated tho solubility of 
nickel and came to tho conclusion that if all 
food were cooked in nickel tho total quantity 
absorbed would bo insignificant. Exporimonts 
with cats and dogs showed that no ill-offoots 
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resulted when proportionately much larger 
quantities were absorbed. In a report to the 
Committee of the Royal Society on “ Rats and 
Ratty Acids as Foods,” Cushny stated, “ Minute 
traces of nickel in hydrogenated fats are not 
injurious to health. Nickel is among the most 
harmless of metals.” Pratt (J. Nutrition, 1930, 
3, 141) investigated the action of nickel on 
vitamins and stated it had no destructive effect. 
He observed that nickel dissolved from nickel 
Tni11t containers had no catalytic effect on the 
destruction of vitamins- A, -B, and -G. Nathan 
(Zentr. Bakt. 1904, 12, [ii], 93) stated that 
nickel had a slightly injurious action on fimit 
musts, but the polished metal had no injurious 
action on apples or beer wort, although the 
colour of the latter was changed. Varioxis 
workers have observed that weak solutions of 
nickel chloride inhibit the growth of bacteria. 
Du Bois (Schweiz. Med. Wochschr. 1931, 21, 
278) noted that nickel dermatitis caused by 
vapours from hot plating baths occurs with 96% 
of the workers employed. Attack is rare when 
cold solutions are used. Lanolin on the skin is a 
preventative. 

USES OF NICKEL. 

Malleable Nickel. — ^Wrought nickel is 
chiefly employed for coinage, food, and chemical 
plant, and for anodes and cathodes in rtireless 
receiving valves. Nickel is an excellent coinage 
metal. It is resistant to wear and corrosion and 
so tough that it cannot be counterfeited easily. 
Moreover, as it is magnetic, any counterfeit in 
a non-magnetio material cordd be readily 
detected. 

Eiectrodeposition. — ^Eleotrodeposited nickel 
is one of the most widely used protective 
coatings on both ferrous and non-ferrous metals. 
Current practice is to use coatings of a thou- 
sandth (O-OOl) of an inch, usually flashed with 
chromium. The presence of a good underlay 
is essential for successful chromium plating, as 
too thin an underlay strips in the bath. The 
building up of worn parts by eiectrodeposition 
has been developed extensively. Coating by 
spraying is an alternative method of application. 
Automobile manufacturers are large users of 
plating anodes and have carried out, or inspired, 
many of the recent improvements in plating 
technique. 

Nickel Catalysts. — Nickel, as a salt or in 
the form of metal turnings, is used to catalyse 
the hydrogenation of unsaturated organic com- 
pormds, notably for the production of solid 
edible fats from cotton-seed and peanut oils 
in the manufacture of margarine {v. Vol. VI, 
mb). Other uses for nickel catalysts occur in 
oil refining, in the synthesis of ammonia and 
nitrates from nitrogen and its oxides, of alcohols 
from oxides of carbon, and of the higher hydro- 
carbons from acetylene. Two new processes 
for desulphurising coal gas are also based on the 
use of nickel catalysts (r. Vol. V, 466a.). 

Nickel Steels. — ^Wrought and cast alloy 
steels containing nickel are widely specified 
where the combination of high strength and 
toughness is needed. Used alone, or with one or 
more of the carbide-forming elements, such as 


chromium and molybdenum, nickel permits the 
production of steels having a high strength to 
weight ratio, with good resistance to wear and 
fatigue. By suitable heat-treatment, tensile 
strengths exceeding 100 tons per sq. in. can be 
obtained in the more complex steels. With sub- 
stantial alloy additions, excellent heat and 
corrosion-resisting properties are obtained. 

Heat-treated nickel alloy steels are extensively 
used in the manufacture of automobile and aero 
engines, machine tools, and agricultural 
machinery, and in general engineering and 
ordnance. Steels in the normahsed condition 
are employed in locomotive and bridge construc- 
tion. The heat- and corrosion-resisting types 
have innumerable uses .in many industries (see 
also Vol. Vn, 48). 

Nickel Silvers. — The alloys of nickel, zinc, 
and copper, usually known as nickel silvers, 
represent one of the oldest and moat substantial 
uses for the metal. The white colour is obtained 
with 18-22% of nickel, but compositions con- 
taining down to 8% of nickel are often used for 
key metal and low-priced articles. Nickel silver 
is used as a base for silver-plated tableware and 
for plumbing and architectural metalwork. 

Nickel-Iron Alloys. — Several special 
nickel-iron alloys have important, although 
limited, uses. Those containing 25-30% of 
nickel, cooled at normal rates, are non-magnetio 
and are used in the electrical industry. With 
a nickel content of about 36% a low coefdcient 
of linear expansion is obtained; this type is 
used in horology. With about 40-60% of 
nickel, the coefiScient of expansion is similar to 
that of glass, and the alloy is useful for lead-in 
wires for electric lamps. Alloys containing 
between 60 and 78-6% of nickel have high 
magnetic permeability at low field strengths 
and are used in radio, submarine-cable, and 
telephone communications. 

Nickel-Copper Alloys. — Cupro-nickels con- 
taining about 20-30% of nickel have good 
ductility, toughness, and cold-working proper- 
ties, and are resistant to corrosion. The 70/30 
composition is used for condenser tubes. Alloys 
containing about 45% of nickel are employed 
for electrical resistances. The most important 
of these binary alloys is “ Monel ” (v. this 
Vol., p. 231a). 

Electrical Resistance Alloys. — ^Nickel- 
chromium and nickel-chromium-iron alloys are 
almost universally employed for electrical resist- 
ance purposes in electric fires, furnaces, and 
domestic apparatus. The ternary ahoy, em- 
ployed in furnace construction, is now frequently 
used for chemical plant. 

Nickel Cast Iron. — Small percentages of 
nickel improve the quality of grey iron in suit- 
ably adjusted compositions, producing a finer- 
grained structure with high strength and greater 
uniformity of properties. Increasing the nickel 
content improves wear and abrasion resistance, 
and used in conjunction with chromium, pro- 
duces extremely hard martensitic irons suitable 
for rolls and crusher jaws. Austenitic cast irons 
for corrosion and heat-resisting purposes and 
heat-treatable types which can be hardened and 
tempered are now widely used in the automobile 
and metal working trades. 
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Other Uses.— There are numero\M alloys 
which contain small percentages of nickel and 
are widely used. Many brasses, bronzes, and 
aluminium alloys como in this category.^ In 
other alloys, which have a limited use, the nickel 
addition may be substantial, as in nickel-iron— 
aluminium permanent magnet materials (v. 
Maqnetio Alloys, Vol. VII, 45Cc), white gold, 
and die-casting alloys. There are about 1,000 
nickel-containing trade-marked alloys on the 

market. „ „ 

A. E. H. 

NICKEL MINERALS. Nickel consti- 
tutes 0-016% of the first ten-mile depth of the 
earth’s crust and occupies about 24th place in 
the frequency-sequence of elements. More than 
85% of the nickel of commerce is obtained from 
ores containing nickel sulphides associated with 
iron and copper sulplfides, tho remainder 
coming largely from hydrous nickel silicate ores. 

The principal ore mineral is pcntlanditc, a sul- 
phide of iron and nickel, (Fe,Ni) 9 Sg, usually 
^ 7 ith Fe:Ni approximately 1:1, tho nickel 
content averaging 34-6%. Small amounts of 
cobalt are usually present. According to the 
latest edition of Dana’s " System of Jlincra- 
logy ” (1944), the formula usually given for 
pentlandite, (Fe,Ni)S, is erroneous. Among 
the silicate ores the chief mineral is tho apple- 
green hydrous nickel magnesium silicate, 
gamierite, perhaps (Ni,Mg)Si 03 ,nH 20 , but 
very variable in composition, particularly ns 
regards the nickel ; magnesium ratio. It is 
seldom homogeneous, and may bo accompanied 
by nickel-bearing nontronito and bcidellito. 
Minor amoimts of nickel are obtained from 
niccolite, NiAs, millerite, NiS, and from the 
light green bloom of secondary origin, annaber- 
gite, NigASjOg.SHjO. 

The great deposits of Sudbury, Ontario, 
dominate tho world nickel production, having 
yielded about 85% of the entire global output 
during the past decade. In these deposits 
nickel is present almost wholly as pentlandite, 
in intimate association with pyrrhotito, Fe„S„+j, 
and chalcopyrite, CuFeSj, tho ores averaging 
about 1-6% nickel and 2% copper. Tho ore- 
bodies lie along or near the base of a thick sheet 
of norite, a basic igneous rock often referred to 
as the “ nickel eruptive.” Similar sulphide 
deposits occur near Petsamo in Finland, Nor- 
way, and the U.S.S.R. In New Caledonia, 
which ranks next to Sudbury in nickel pro- 
duction, there are shallow deposits containing 
garnierite in a weathered mantle of serpentine 
derived by alteration of nickel-bearing pcri- 
dotites, in which the nickel is originally present 
as a constituent of olivine. The average ore 
now smelted contains about 6% of nickel. 
Analogous silicate ores are also mined at Ufnloi 
and elsewhere in the Urals, and on the island of 
Celebes in the Netherlands East Indies. 

Dming the past 26 years the world output 
of nickel has more than trebled, reaching about 
126,000 tons in 1940, of which Ontario provided 
nearly 80%, New Caledonia 13%, and the Soviet 
Union about 3%. Nickel is essentially an alloy 
metal, mostly used in the manufacture of special 
steels, either alone or in addition to chromium 
manganese, and other ferro-alloy metals. It 


has been estimated that in 1939 tho consumption 
of nickel was ns follows : steels (including con- 
structional, stainless, corrosion- and heat- 
resisting, and castings), 60%; nickel-copper 
and nickel silvers, 10% ; “ Monel," nickel-clad, 
"Inconel," etc., 10%; clcctrodcposition, 8%; 
nickel cast-iron, 3%; heat-resistant and elec- 
trical resistance alloys, 3% ; nickel brass, bronze, 
and aluminium alloy castings, 2% ; other uses, 
4%. Since that date tho proportion^ of nickel 
utilised in steel and foundry work has increased. 

NICOTINAMIDE. Pyridino-3-carbo.\yl- 
amido. Used for prophylaxis and treatment 
of pellagra, usually with other factors of tho 
vitamin-P complex. B.P. Add. VI., B.P.C. 
(0th Supplement) (v. this Vol., p. 480f/, and 
Syktiietio Drugs). 

S. E. 

NICOTINE, CjoH„Nj, is a liquid, volatile 
allcaloid occurring in tobacco {Nicotiana tahacum 
Linn., and N. rvslxca) ns citrate and mnlatc, 
togother\v'ithsmnllamountsofana6a<.-iuc(u. Vol. I, 
305(1) and l-nonitcofiuc, CgHijNs (Ehrcnstcin, 
Arch. Pharm. 1931, 269, 627; Spath and 
Ivesztlcr, Bcr. 1937, 70 [B], 704), nicolyrinc, 
CjpHjoNo (Wenuscli, Biochom. Z. 1935, 275, 
361 ; Spfith and Kcsztlor, Bor. 1937, 70 [B], 
2450), and other alkaloids. Partially racemised 
d-nom»co/i«c occurs in Duboisia hopicoodii 
F. Muoll. (Spath, Hides, and Zajic, ibid. 1935, 
68 [B], 1388 ; 1930, 69 [B], 250). Tobacco con- 
tains, as n rule, from 1 to 8% of nicotine, but 
by far tho greater proportion of commercial 
tobacco contains not more than 4% (v. Toiucco). 

Preparation. — ^Nicotine and tobacco extract 
are largely used ns insecticides, and a consider- 
able industry has been developed in tho mnn;i- 
facturo of these products from waste tobacco, 
and from tho liquors obtained in tho nianu- 
facturo of chewing tobacco. Reid (Chem. and 
Ind. 1931, 50, 954) estimates tho world pro- 
duction at 600 tons per amrura. Extraction of 
tho tobacco wth water, usually in a continuous 
extraction apparatus, and concentration of tho 
resulting liquor affords tobacco extract, and 
this is treated -with lime or other nllcali and 
steam-distilled. Tho crude nicotine is ex- 
tracted from tho distillate with ether or other 
organic solvent, or tho distillate is neutralised 
with sulphuric acid and concentrated to jiold 
commercial nicotine sulphate. R. Hofmann 
(Chom.-Ztg. 1934, 58, 700; G.P. 693269, Jan. 
26th, 1933) recommends ns an cconoraic;al 
method adsorption of tho nicotine from tho 
vapours of the steam distillation by a suitable 
charcoal (made from tobacco -waste), followed 
by olution with an organic solvent. 

Estimation. — ^Tho majority of tho methods 
employed involve a preliminary steam distil- 
lation of tho nicotine from an extract containing 
a slight excess of alkali, this procedure serving 
to separate nicotine from most other alkaloids. 
The nicotine may be estimated in tho distillate 
by direct titration with 0-1 k. sulphuric acid, 
using Methyl Red or iodoeosin ns indicator 
(Kissling, Z. anal. Chem. 1882, 21, 76 ; Schick 
and Hatos, Z. Nahr. Gonussm. 1914, 28, 269), 
but tho silicotungstate method (Bertrand and 
Javillier, Bull. Soo. chim. 1909, [iv], 5, 241) is 
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usually preferred, since ammonia does not 
interfere. The distillate is made 0-6% in hydro- 
chloric acid, and siUcotrmgstic acid is added. 
The precipitate is collected after 24 hours, 
washed with cold 0-1% hydrochloric acid and 
ignited at ca. 800°. The weight of the residue 
(SiOa.ISWOj), multiplied by 0-114, gives the 
weight of nicotine (“ Official and Tentative 
Methods of Analysis of the Assoc. Off. Agric. 
Chem.,” 4th ed. 1935, p. 60 ; Avens and Pearce, 
Ind. Eng. Chem. [Anal.], 1939, 11, 605). Alter- 
natively, the silicotungstate 

(B2,Si0jj,12W03,2H20) 

may be weighed after drying at 100° (Rapp, 
Woodmansee, and McHargue, J. Assoc. Off. 
Agric. Chem. 1942, 25, 760). Pfyl and Schmitt 
(Z. Enters. Lebensm. 1927, 54, 60) precipitate 
nicotine from the neutralised (Methyl Red) 
distillate as the dipicrate, which is collected 
and titrated with 0-1 N. sodium hydroxide in the 
presence of toluene and phenolphthalein. 
Polarimetrio methods have been described by 
Konig (Chem.-Ztg. 1911, 35, 521), Tingle and 
Ferguson (Trans. Roy. Soc. Canada, 1916, [iii], 
10, 27) and Tate and Warren (J.S.C.I. 1937, 56, 
39t). Micro-determination can be effected by 
the silicotungstate method (Spies, Ind. Eng. 
Chem. [Anal.], 1937, 9, 46), colorimetricaUy 
(Sutherland, Daroga, and PoUard, J.S.C.I. 1939, 
58, 284 ; Markwood, J. Assoc. Off Agric. Chem. 
1940, 23, 792) or turbidimetrically {idem, ibid., 
p. 800). For estimation of nicotine in the 
presence of anabasine, see Shmuk and Borozdina 
(J. Appl. Chem. Russia, 1939, 12, 1585). An- 
alytical methods have been reviewed by Tomkin 
(“ Allen’s Commercial Organic Analysis,” 5th 
ed., 1929, Vol. VII, p. 625). 

Properties. — Pungent, colourless, I®vorota- 
tory, hygroscopic liquid, b.p. 247°, which 
becomes brown in air owing to oxidation (cf. 
Ciamician and Silber, Ber. 1916, 48, 181). 
Distils unchanged in steam, in an atmosphere of 
hydrogen or nitrogen or in vacuo. For v.p. 
over the range 100-260°, see Gorbachev (J. 
Appl. Chem. Russia, 1934, 7, 388), Completely 
miscible with water below 60° and above 210° ; 
between these temperatures miscibility is 
limited, the solubility curve having the form of 
a closed loop (Hudson, Z. physikal. Chem. 1904, 
47, 113). Forms an azeotrope with water con- 
taining 2-6% nicotine, b.p. 99-988° (Smith, Ind. 
Eng. Chem. 1942, 34, 261). For partial v.ps. of 
nicotine and water over aqueous solutions at 
25°, see Norton, Bigelow, and Vincent (J. 
Amer. Chem. Soc. 1940, 62, 261). Nicotine has 
pf =1-00925 (Jephcott, J.O.S. 1919, 115, 104), 
increasing to 1-04 on addition of water up to 
33% (Hudson, he.), and [ 0 ]^°=- 169-3° (Lowiy 
and Lloyd, ibid. 1929, 1771) ; its salts are 
dextrorotatory. Aqueous solutions are strongly 
alkaline; the salts crystallise with difficulty, 
but the dipicrate, B, 2 C 6 H 2 (N 02 )sOH, glancing 
yellow prisms, m.p. 224°, is characteristic. For 
microchemical identification, the formation of a 
crystalline precipitate with mercuric chloride, 
soluble in dilute acetic acid, is highly character- 
istic (Glycart, J. Assoc. Off. Agric. Chem. 1933, 
16, 346; cf. Wenusch, Z. Enters. Lebensm. 


1934, 67, 601). Nicotine and its salts are precipi- 
tated even in dilute solutions by the alkaloidal 
reagents. 

Beactions and Constitution. — Nicotine contains 
one N -methyl group, and reacts with methyl 
iodide as a ditertiary base. On oxidation it 
yields nicotinic acid (this Vol., p. 479b), and 
hence contains a pyridine nucleus substituted 
at the )S-position. Pinner (Ber. 1892, 25, 
2807 ; 1893, 26, 292, 765) suggested the structure 
(I), and this has been proved correct by the 
oxidation of nicotine isomethiodide to N- 
methylnicotone (II) by means of potassium 
ferricyanide ; chromic acid then yielded 1- 
hygric acid (III) (Karrer and Widmer, Helv. 
Chim. Acta, 1925, 8, 364). 
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The structure (I) has been confirmed by syn- 
thesis. The origmal synthesis of nicotine by 
Pictet and collaborators (Ber. 1895, 28, 1911; 
1898, 31, 2018 ; 1900, 33, 2355 ; 1904, 37, 1226), 
in which nicotyrine (IV) was an intermediate, 
involved the use of drastic conditions and hence 
did not afford a reliable proof of structure. 
Spath and Bretschneider (Ber. 1928, 61 [B], 
327) condensed ethyl nicotinate with N -methyl- 
pyrrolidone to give a ketone (V), which on acid 
hydrolysis yielded the amino-ketone (VI). The 
latter was reduced to a secondary alcohol, which 
was converted to the corresponding iodo- 
compound ; on standing in alkaline solution. 
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this furnished dJ-nicotine. A third sj'nthesis 
has been described by Craig (J. Amer. Cheni. 
Soc. 1933, 55, 2854), in which nor-nicotine is an 
intermediate. 
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Minor Alkaloids. — ^The molecular structures 
of nicotyrine and nomicothie follow from their 
relationship to nicotine, and from their syntheses. 
The former can be obtained from nicotine bj’ the 
action of various mild oxidising agents, or by 
dehydrogenation over platinised asbestos _ at 
320° (Wibaut and Overhoff, Kec. trav. chim. 
1928, 47, 935). Its reduction to d/-nicotinc, 
achieved with difficulty by Pictet (l.c.), has been 
effected more simply by controlled hydrogena- 
tion in presence of paUadised charcoal (Sp&th 
and Kuffner, Ber. 1935, 68 [B], 494). l-nor- 
Nicotine has been obtained from nicotine by 
several demethylation processes (JI. and hi. 
Polonovski, Compt. rend. 1927, 184, 331, 1333; 
von Braun and Weissbach, Bcr. 1930, 63 [B], 
2018 ; Spilth, Marion, and Zajic, ibid. 1930, 69 
[B], 251) ; and is reconverted to nicotine on 
methylation (Spath and Zajic, ibid. 1935, 68 [B], 
1667 ; Craig, l.c.). 

H. T. 0. 


NICOTINIC ACID, '^Niacin," pjTidino-B- 
carboxylic acid. 




was first obtained by Huber (Annalon, 1867, 
141, 271) by oxidation of nicotine with chromic 
acid. 

Preparation. — 1. From nicotine by oxidation 
(Huber, l.c. ; Laiblin, Annalcn, 1879, 196, 135). 
A method suitable for the laboratory prepara- 
tion, giving yields of 60% or better, uses con- 
centrated nitric acid as the oxidising agent 
(McElvain, Organic Syntheses, Coll. Vol. I, 
1932, p. 378). 

2. By oxidation of jS-picolinc (Seyfferth, J. pr. 
Chem. 1886, [ii], 34, 258), 3-ethylpyridino 
(Ladenburg, 1896, 301, 152), 3-phenylpyridinc 
(Skraup and CobenzI, Monatsh. 1883, 4, 458) or 
3:3'-dipyridyl (Skraup and Vortmann, ibid., 
P; b94). For the technical preparation of 
nicotinic acid by this method, suitable starting 
materials are the base fractions b.p. 135-142° 
from coal-tar, petroleum, or bone-oil (Pinner, 
Ber. 1900, 33, 1227; Weidel, ibid. 1879, 12, 
1992). 

3. By decarboxylation of pyridinc-polycar- 
boxyhe acids, notably quinolinic and isoquino- 
linic acids ; this may be effected thermally 
(Hoogowerff and Van Dorp, Annalen, 1880, 
204, 117) or by means of acids (Weidel and 
Herzig, hlonatsh. 1885, 6, 982). 

4. By synthesis from pyridine. Pyridine-B- 
sulphonic acid, obtained by sulphonation of 


pjnidine, is converted to nicotino-nitrilo by 
standard methods and thence by saponification 
to the acid (Fischer, Bcr. 1882, 15, 03). A 70% 
yield of nicotinic acid is obtained by enrbonation 
of the product of I'oaction of butyl-lithium and 
3-bromopyridino (Gilman and Spatz, J. Aincr. 
Chem. Soc. 1940, 62, 446). For preparation of 
nicotinic acid in the laboratory, pyridine is 
brominated to 3-broinop3Tidino ; this is then 
converted by distillation with cuprous cyanide 
to the nitrile, and the latter hydrolysed to 
nicotinic acid (McElvain and Goose, ibid. 1911, 
63,2283). _ . 

Physical Properties. — ^Nicotinic acid forms 
colourless needles from water or alcohol, in.p. 
235-5-230-5° (Gordin and Flcxsor, J. Amcr. 

I Pharm. Assoc. 1940, 29, 230), readily soluble in 
hot water or hot alcohol, only very slightly so 
in ether. It sublimes undccomposcd above 
150°. Electrolytic dissociation constant l-uS 
X 10~'’ (Erlemncycr, Epprccht, and jMcycnburp, 
Hclv. Chim. Acta, 1937, 20, 310); for the di- 
electric coefficient, see Devoto and Ardissone 
(Gazzetta, 1935, 65. 1235) ; for tho heat of 
nciitrali.sation, see Devoto (Atti. E. Accad. 
Lincci, 1934, 19, 50). Tho absorption spectrum 
shows a maximum at 385 mp. (e= 3,800) 
(Huncckc, Bcr. 1927, 60 [B], 1451). 
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Nicotinic acid yields pyridine when the cal- 
cium salt is distilled with soda-lime (Weidel, 
Annalcn, 1873, 165, 343). Tho location of the 
carboxyl group follows from tho production of 
tho acid by decarboxylation of both quinolinic 
and jsoquinolinic acids; the structures of the 
latter arc known from their formation from 
symthetic quinoline and tsoquinolinc respec- 
tively'. In aqueous solutions of nicotinic acid, 
equilibrium exists between tho truo acidic 
form and tho zwittcrion, tho former pre- 
dominating (Devoto, Z. Elcktrochem. 1931, 40, 
490 ; Huncckc, l.c. ; Kuhn and Bryddwna, Bcr. 
1937, 70 [B], 1333). Eeduction of nicotinic 
acid in alcoholic solution with sodium gives 
piperidinc-/3-carboxylic acid {nipecotic acid ) ; 
reduction in aqueous solution with sodium amal- 
gam gives n-hydroxymcthylglutaric acid (Laden- 
burg, ibid. 1892, 25, 2768). 

Nicotinic acid is amphoteric and forms salts 
with both acids and bases. Tho basic copper 
salt, Cu( 0 H)CqH.j 02 N, forms a bright blue 
insoluble precipitate ; "tho silver salt, 


AgC„H,0„N, 

needles from water (Laiblin, l.c.) ; tho calciinu 
salt, Ca (C5 H,j02N)„,5H20, is very’ in- 
soluble in water. Nicotinic acid gives no 
precipitate with lead acetate. Tho hydro- 
chloride, CoHbO„N,HCI, m.p. 273-274° (McEl- 
vain, l.c.) is soluble in alcohol : tho hydrobromidc, 
CoH60„N,HBr, plates from water or alcohol’ 
m.p. 276°, may bo sublimed (Claus and Pylchau, 
J. pr. Chem. 1893, [ii], 47, 416) ; tho platini- 
chloride, 2CoH602N,PtCl4,2HCI,2H20, has 
m.p. 263° (Drummond and Funk, Biochom J. 
1914,8, 604); thopicratc. 


CoH^OaN.CoHgO.Ng, 
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yellow rods &om water, has m.p. 214° (decomp.) 
(SwzTiki, Shemimura, and Odake, Biochem. Z. 

1912,43, 89). .V -cc 1, 

Methyl Nicotmate prepared by the Fischer- 

Speier technique (Engler, Ber. 1894, 27, 1787), 
by the action of diazomethane on aqueous 
idcotinic acid, or by heating tetramethyl- 
anunonium nicotinate (Prelog and Picentanida, 
Z. physiol. Chem. 1936, 244, 56) has m.p. 39 , 
b.p. 204°, and is soluble in water, alcohol, and 

Ethyl Nicotinate has b.p. 223-224° (Camps, 
Arch. Pharm. 1902, 240, 353). 

Nicotinyl Chloride, obtained by not too 
protracted boilmg of the acid with thionyl 
chloride, has m.p. 15—16°, b.p. 85°/12 mm. 
(Meyer and Graf, Ber. 1928, 61 [B], 2205) ; the 
hydrochloride, m.p. 165-5-156-5°, subUmes in 
needles (Spath and Spitzer, ibid. 1926, 59 [B], 
1479). 

Nicotinic Anhydride, m.p. 122-124° (Graf, 
Biochem. Z. 1930, 229, 164), is only slowly 
hydrolysed by water. 

Nicotinamide. 

Nicotinamide, or “ Niacinamide,” first ob- 
tained by Engler [l.c.) from methyl nicotinate 
and methyl alcoholic ammonia, can also be 
prepared by treating the ethyl ester with 
aqueous ammonia (LaEorge, J. Amer. Chem. 
Soc. 1928, 50, 2477) or by treatment of the acid 
with ammonia gas at 230° (Keimatsu, Yokota, 
and Satoda, J. Pharm. Soc. Japan, 1933, 53, 
994). It forms needles from benzene or chloro- 
form, m.p. 129° (Kuhn and Vetter, Ber. 1935, 
68 [B], 2374), is soluble in water, alcohol, and 
ether, and distils at 150-160°/5x 10“^ mm. The 
absorption spectrum shows two bands with 
maxima at 215 mp, (e=7,100) and 260 m/a. 
(£=2,700) (Kuhn and Vetter, l.c.). Aqueous 
solutions of nicotinamide (and nicotinic acid) 
show yellow fluorescence in ultra-violet light 
(Hirt and Wimmer, Klin. 'Woch. 1939, 18, 765). 

Heating with thionyl chloride or phosphorus 
pentoxide converts nicotinamide to nicotino- 
niirile, needles from ether-hght petroleum, m.p. 
50°, b.p. 240-250°, readily soluble in water, 
alcohol, or ether (Meyer, Monatsh, 1902, 23, 
901 ; LaEorge, l.c.). The action of bromine 
and potassium hydroxide on nicotinamide is 
complex, giving inter al., 3-aminopyridine 
(Camps, l.c.). 

Nicotinamide methiodide, formed by boiling 
nicotinamide and methyl iodide has m.p. 204° 
(Karrer, Schwarzenbach, Benz, and Solmssen, 
Helv. Ghim. Acta, 1936, 19, 811). 

Numerous N -substituted nicotinamides are 
known : nicotinmethylamide, needles from 

benzene, m.p. 104r-105° (Pictet and Sussdorf, 
Chem. Centr. 1898, 1, 677) ; nicolinanilide, 
needles from benzene-ligroin, m.p. 132° (idem, 
ibid.). N N -Disubstituted nicotinamides, formed 
by action of phosphorus pentoxide on nicotinic 
acid and a secondary amine in a solvent (B.P. 
450051), according to U.S.P. 1617332, have 
therapeutic activity; the most important is 
nicotindiethylamide (“ Coramine,” “ Niketh- 
amide ”). 

Nicotinuric Acid, S-pyiidoylamino-acetic 
acid, obtained by treatment of tiie chloride or 


azide of nicotinic acid with glycine (Fox ami 
Field, J. Biol. Chem. 1943, 147, 651), has mu 
214-244°. 

Nicotinic Acid Betaine, 

[O-CO-CHaNCsH^COOJH 

is obtained by boiling nicotinic acid with chloro- 
acetic acid in diluto sodium hydroxide solution 
(Ifii^al, Monatsh. 1910, 31, 972). 

Nicotinic Acid Methiodide, obtamed by 
action of methyl iodide on nicotinic acid and 
excess sodium hydroxide, forms crystals from 
alcohol-ether wldch blacken at 180°, m.p. ca. 
220°, and is converted by treatment with silver 
oxide into trigonelline. 




Jficotinic acid MgoneUlne. 

methiodide. 


NicoTiKrc Acid (Amide) as the Pellaqea- 
Pbeventattve ViTAMnr. 

Nicotinic acid is probably present (mostly in 
the combined state) in all living cells. It was 
isolated from rice-polishings in 1911 (Funk, 
J. Physiol. 1911, 43, 395; Suzuki, Shemimura, 
and Odake, l.c.) and from yeast by Vickery in 
1926 (J. Biol. Chem. 1926, 68, 585) ; the amide 
was isolated from heart muscle in 1935 by Kuhn 
and Vetter (l.c.). In the same year, attention 
was drawn to the biological importance of 
nicotinamide by the discovery that it is an 
integral part of the molecules of cozymase 
(codehydrogenase I, disphosphopyridine nucleo- 
tide) and of codehydrogenase H (triphospho- 
pyridine nucleotide) (Euler, Albers, and Schlenk, 
Z. physiol. Chem. 1935, 237, 1 ; Warburg and 
Christian, Biochem. Z. 1936, 275, 464). 

In 1937 the essential nature of nicotinamide 
(or nicotinic acid) for micro-organisms, dogs, 
and humans was established. Supply of the 
acid or amide was found necessary for the 
growth of Staphylococcus aureus (Knight, Bio- 
chem. J. 1937, 31, 731) and the diphtheria 
bacillus (Mueller, J. Biol. Chem. 1937, 120, 219) ; 
the dietary factor curative of canine black- 
tongue, isolated from liver by Elvehjem 
Madden, Strong, and Woolley (J. Amer. Chem. 
Soc. 1937, 59, 1767 ; Daim, Science, 1937, 86, 
616) was shown to be identical with nicotin- 
amide. The efflcacy of the acid in the treatment 
of the analogous deficiency condition in humans 
(pellagra) was reported by Fonts, Helmer, 
Lepkovsky, and Jukes (Proc. Soc. Exp. Biol. 
Med. 1937, 37, 547 ; cf. Spies, Cooper, and 
Blankenhorn, J. Amer. Med. Assoc. 1938, 110, 
622; Elvehjem, Physiol. Eev. 1940, 20, 249). 
The acid (or amide) therefore became identified 
with the pellagra-preventative (P-P) factor of 
the vitamin-Bj complex. It may be remarked 
that pellagra is seldom due to dietary deficiency 
in nicotinic acid alone, and the importance of 
treatment by suppplementary administration of 
other members of the vitamin-B 2 complex has 
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been emphasised (Vilter, Vilter, and Spies, 
J. Amer. Med. Assoc. 1939, 112, 420 ; Josephson 
and Klewan, Nature, 1939, 143, 725). 

Other species for ■which nicotinic acid is a 
dietary essential are the pig (Chick, Slacrae, 
Martin, and Martin, Biochem. J. 1938, 32, 10), 
the monkey (Harris, ibid., p. 1479) and the chick 
(Koehn and Elvehjem, J. Biol. Chem. 1937, 118, 
693). Rats can apparently synthesise nicotinic 
acid in their tissues (see Huiff, Perlzweig, and 
Spihnan, ibid. 1942, 142, 401). 

Nicotinic acid is needed by plants (Bonner, 
Plant Physiol. 1938, 13, 865) and by micro- 
organisms. Some of the latter (e.g., Chilo- 
monas paramecium) can synthesise their nicotimc 
acid requirements (Hutchings, Jandorf, and 
Hastings, ibid. 1941, 138, 321) ; M. Guggen- 
heim (“ Die biogenen Amine,” New York, 
1940), has suggested that biosynthesis of 
nicotinic acid takes place from ornithine or pro- 
line via 8-aminovaleric acid and guvacin. 
hEcro-organisms dependent on an external 
supply vary in their response to nicotinic acid 
derivatives. For the diphtheria bacillus, re- 
sponse is greater to the acid than to the a'mide ; 
organisms of the Pasieurella group respond only 
to the amide; EsemopMlns influenza: and H. 
parainfluenzas require the whole codehydro- 
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genase (Factor V) molecule (Koser, Berlonan, 
and Dorfman, Proc. Soc. Exp. Biol. Med. 1941, 
47, 504; Schlenk and Gingrich, J. Biol. Chem. 
1942, 143, 295). Nicotinic acid also stimulates 
growth of H. perludsis (Homibrook, Proc. Soc. 
Exp. Biol. Med. 1940, 45, 698) and is required 
by organisms of the Proteus group (Pelcznr and 
Porter, ibid. 1940, 43, 161 ; Morel, Ann. Inst. 
Pasteur, 1941, 67, 285). 

Speciflcily . — Compounds exhibiting antipel- 
iagra activity are nicotinic acid and amide, 
methyl nicotinato, “ coramine,” and nicotinuric 
acid (WooUoy, Strong, Madden, and Elvehjcm, 
J, Biol. Chem. 1938, 124, 715), quinolinic acid, 
pyrazine carboxylic acid, and pj'rnzinc-2:3- 
dicarboxylic acid (Vilter and Spies, Lancet, 
1939, 2, 423). The three last mentioned arc 
ineflective in treatment of cam'no blacktonguc. 
Quinolinic acid and thiazolo-5-carboxylic acid 
can replace nicotinic acid ns gro'wth factor for 
the dysenterj' bacillus. 

Mechanism of Vitamin Action. 

The vitamin activity of nicotinic acid and the 
amide is usually ascribed to the part thc^' play 
in tho cellular synthesis of cozyniaso and 
codchj'drogonnso II. These coonzymes are 
present in all living colls ; in combination with 
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the appropriate specific protein (apoonzymo), 
they constitute tho effective agents of hydrogen 
transport in many of the dehydrogenation re- 
actions by means of which the in vivo oxidation 
of carbohydrate is accomplished (for details, see 
reviews by Baumann and Stare, Physiol. Rev. 
1939, 19, 353; Barron, ibid. 1940, 20, 184). 
Elucidation of the function of the nicotinamide 
residue in the coenzyme molecule was aided by 
the d^covery of the reversible oxidation- 
reduction behaviour of nicotinamide methiodide 
(Karrer, Schwarzenbach, Benz, and Solmssen, 
l.c .) ; the nicotinamide residue in the coenzyme 
molecule is endowed with the ability to take 
up from the substrate two atoms of hydrogen 
TOth formation of the dihydro-coenzyme ; tho 
la-tter then gives up the hydrogen atoms to a 
smtable acceptor with regeneration of the 
OTenzyme molecule (Warburg, Christian, and 
Gnese, Biochem. J., 1935, 282, 167). Tho wide 
VoL. Vm,— 31 


range of organisms requiring nicotinic acid 
indicates its function in some fundamental bio- 
chemical process, and analogous coenzymo func- 
tion has been established for other B-vitamins 
{anem-in and ribofla-vin). Supporting tho -view 
that nicotinic acid functions biologicallj'' ns tho 
pyridine nucleotides are (i) tho requirement of 
the less synthetically versatile micro-organisms 
for tho whole cozymaso molecule, (ii) tho ob- 
served synthesis from nicotinic acid of tho 
pyndino nucleotides by micro-organisms and 
erythrocytes (Axelrod, Spies, and Elvohjom, 
J. Biol. Chem. 1931, 188, 667) and, (iii) tho 
decrease from normal of tho pyridine nucleotide 
content of striated muscle during pellagra in 
humans, and in liver and muscle in canine black- 
tongue. Part of the therapeutic activity of 
nicotinamide may be due to tho specific in- 
hibitory effect it exorcises against broakdo-wn of 
cozymase by cellular nucleotidases (Mann and 
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nicotinic acid. 


Quastel, Bioohem. J. 1941, 35, 602). It is, how- 
ever, improbahle that death in hlacktongue is 
cansed by direct failure of tissue respiration due 
to decrease in coenzyme content. In this con- 
nection the dehydration and electrolyte im- 
balance in nicotinic acid deficiency in dogs are 
significant, pointing to dysfunction of the supra- 
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renal cortex as the immediate cause of death 
(Handler and Dann, J. Biol. Chem. 1942, 145, 
146).^ This may, of course, be due to coenzyme 
deficiency, although intravenous administration 
to dogs with hlacktongue of amounts of cozy- 
mase which, on the basis of nicotinic acid con- 
tent, would be expected to be beneficial, failed 
to effect a cure (Martin, Thompson, and Carvajal- 
Forero, Amer. J. digest. Dis. 1941, 8, 290). Since 
growth and respiration of dysentery bacilli are 
more favourably affected by the acid or amide 
than by intact cozymase, Sarmders, Dorfman, 
andKoser (J. Biol. Chem. 1941, 138, 69) conclude 
that nicotinamide is concerned in cellular oxida- 
tions in some way other than as di- and tri- 
phosphopyridine nucleotides. 


Physiology. 

Nicotinic acid, the sodium salt, and the amide 
are used in treatment and prophylaxis of pel- 
lagra and have also been used successfully in 
treatment of many related clinical conditions. 
The daily requirement of humans is uncertain ; 
60-500 mg. daily, given oraUy, is the usual 
therapeutic dose ; dogs require 200-366 pg. 
daily for each kg. of body weight (Schaeffer, 
MoKibbin, and Elvehjem, ibid. 1942, 144, 679). 
Nicotinic acid is of low toxicity, although in 
human subjects it may produce a transient 
vasodilation with sensations of flushing, burning, 
and itching ; nicotinamide does not produce 
these effects. Large doses may be toxic ; dogs 
receiving 2 g. per day died within 20 days. 
Nicotinic acid is excreted in the urine, partly 
as the free acid, but in man and dogs trigonelline, 
and to a lesser extent, nicotinuric acid, are the 
principal metabolic end-products (see Sarett ! 


and Stenhouse, J. Nutrition, 1942, 23, 35). 
Methods suggested for assessment of status of 
nicotinic acid nutrition include assay of uiinary 
excretion of trigonelline (Field, Melnick, Bobin- 
son, and Wilkinson, J. clin. Invest. 1941, £0 
379), and nicotinic acid-excretion during 12-14 
hours after administration of a 500 mg. dose 
(Perlzweig, Sarett, and Margolis, J. Amer. Med 
Assoc. 1942, 118, 28). 

Determination of Nicotinic Acid 
Derivatives. 

Methods have been developed for the assay 
of nicotinic acid in animal tissues, blood, urine, 
plant products, and foodstuffs. The methods 
employed can be considered under two principal 
headings. 

(а) Microbiological Methods. — ^In these, the 
nicotinic acid present in an extract is estimated 
by the growth-response induced in a micro- 
organism cultured in a nicotinic acid-deficient 
basal medium. In the method using Shigella 
paradysenierise as test-organism, growth stimu- 
lation is estimated turbidimetrically (Isbell, 
Wooley, Butler, and Sebrell, J. Biol. Chem. 1941, 
139, 499) ; that using Lactobacillus arabinosus 
uses titration of lactic acid produced by the 
micro-organism as the measure of growth stimu- 
lation. The latter method has the advantage 
that removal of timbidity or coloured contami- 
nants from extracts is unnecessary ; the method 
estimates accurately as little as 1 pg., and has 
been applied to the assay of a wide variety of 
materials (Tepley, Strong, and Elvehjem, J. 
Nutrition, 1942, 23, 417). The method is not 
specific for nicotinic acid, equivalent growth- 
responses being given by nicotinamide, nioo- 
tinuric acid, and the pyridine nucleotides. 

(б) Chemical Methods. — Of these, the most 
satisfactory are modifications of the Konig 
method (J. pr. Chem. 1904, [ii], 70, 109); an 
aqueous solution of the acid is treated with 
cyanogen bromide, when the pyridine ring is 
BpUt to give a substance which on addition of 
an aromatic amine produces a coloured com- 
poimd. The colour intensity, estimated con- 
veniently by photoelectric colorimetry, is a 
measure of the nicotinic acid content of the 
solution. The reaction is not specific for nico- 
tinic acid, colour being given by pyridine 
derivatives with unsubstituted a-positions. A 
variety of aromatic amines have been used for 
the colour development {see Waisman and 
Elvehjem, Ind. Eng. Chem. [Anal.], 1941, 13, 
221). Difficulties encountered in the application 
of the chemical methods include : Need for a 
satisfactory extraction of the assay material; 
need for conversion of nicotinic acid derivatives 
to the free acid ; need for removal from extracts 
of coloured and other contaminants which inter- 
fere with the assay ; the instability of the colour, 
and interference with its development by salts ; 
need for blank tests with reagents, etc. The 
various procedures are designed to take care of 
these factors. 

For assay in tissues, the method of Dann and 
Handler (J. Biol. Chem. 1941, 140, 201) is con- 
venient. The fresh tissue is ground with sand 
and Water, extracted with hot hydrochloric acid, 

! purifie-d by adsorption on and elution from 
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Lloyd’s reagent, impurities precipitated, mth 
lead hydroxide, and the nicotinic acid in the 
filtrate estimated by the cyanogen bromide 
method, using Metol for colour development 
Nicotinic acid in plant tissues may be determined 
by the cyanogen bromide method provided that 
the aqueous tissue extract is hydrolysed with 
acid prior to treatment -with the reagent (Hale, 
Davis, and Balduin, ibid. 1942, 14fi, 653). For 
the determination in blood, see Klein, Perlzweig, 
and Handler, ibid. 1942, 145, 27 ; Allinson, ibid. 
1943, 147, 785, in urine: see Jlelmck, Robin- 
son, and Field, ibid. 1940, 136, 131, 145 ; Pcrlz- 
weig. Levy, and Sarett, ibid., p. ( 29 ; the 
methodsx described permit the separate deter- 
mination of nicotinic acid (nicotinamide), 
nicotinuric acid, and trigonoUine. For separate 
determmation of “ hound ” nicotinic acid (t.c., 
that present as the pyridine nucleotides), and 
“ free ” nicotinic acid in tissues, see Handler 
and Dann (l.c.) ; Axelrod, Spies, and Elvehjem 
{I.C.). 

Nicotinic Acid Content of Foodstuffs. 

Reference may ho made to the following 
papers : Bacharach, Nutr. Abs. 1941, 10, 495 ; 
Tepley, Strong, and Elvehjem, l.c. ; Snell and 
Wright, Univ. of Texas Publication, 1941, 
4137, 22; Cheldelin and Williams, ibid. 1942, 
4237, 97 ; Dann and Handler, l.c. ; idem, 
J. Nutrition, 1942, 24, 153 ; jMcVicar and Berry- 
man, ibid., p. 235 ; Mclntirc, Waisman, Hender- 
son, and Elvehjem, ibid. 1941, 22, 535; Halo, 
Davis, and Baldwin, l.c. 

In the following table, various foodstuffa are 
classified in approximate order of their values us 
dietary sources of nicotinic acid. 


Nicotinic acid | 
content, 

mg. per 100 c.c. | 

FoodatuiT. 

55-30 

Brewer’s yeast ; wlieat bran. 

30-15 

1 

Beef and hog liver ; cluckcn breast 
muscle. 

10-5 1 

Salmon muscle ; smoked liam ; 
cliickcn leg muscle ; beef and hog 
muscle ; wlieat ; barley. 

5-1 J 

Molasses ; soya beans ; cod muscle ; 
dried slum milk ; spinach; oats; 
polished rice ; dried peas ; pota- 
toes. 

1-0-1 

Cabbage; carrots. 


Mfik is a relatively poor somce of nicotinic 
acid, containing ca. 80pg./100 c.c. Nicotinic 
acid content of meats is not appreciably de- 
creased by cooking or commercial processing. 

B. L. 

“NICROSILAL” (v. Vol. 37d). 

NIGELLA oil. Small Feimel or Black 
Cumin oil, is a reddish semi-drying oil of bitter 
taste and aromatic odour occurring to the extent 
of 36% in the seeds of Nigella saliva L. (Fam. 
Ranunculacese). The following characteristics 
have been recorded : 0-925, saponification 

value 196-4-202, iodine number 107-4-11G-2; 
Reichert-Meissl No. 3-4-5-4 ; solidifying point 
of fatty acids —16° to —19° (Crossley and Le 
Sueur, J.S.C.r. 1898, 17, 992; Bures and 
JVUadkova, Casopis Ceskoslov, L4k. 1928 8 
186; 1930,10,317). 


The seeds also yield 1% of a yellow essential 
oil of unpleasant odour, which gives no fluores- 
cence, in contrast to that obtained from ^ igeila 
damascena which gives a blue fluorescence. 

M. L. M. 

NIGER SEED OIL. A diying oil obtained 
from the achencs of .Guizolia ahjssinica (Linn.) 
Cass {Ouizolia ohifera DC.), a plant cultivated 
in East Africa, India, and the East and West 
Indies. Attempts have also boon made to 
grow it in Germany. The achencs, which con- 
tain 40-45% of oil, arc cither cold or hot pressed 
to give an oil of p 0-925—0-948, refractive index 

1- 472— 1-477, iodine number 126-6-133-8, saponifi- 
cation value 189-192, free fatty acids, as oleic 

2- 5-0%. ^ 

Tlie component fatty acids (wt8.%) of Indian 
and African oil have been found to bo, respec- 
tively, mjTdstic 1-7, M, palmitic 5-0, 7-2, stearic 
2, 3-2, traces of Wgher saturated acids, oleic 
38-9, 17,linolcic 51-6, 71-1 (N. L. Vidyarthi and 
M. V. Mallya, J. Indian Cheni. Soc. 1940, 27, 
87; T. P. Hilditch and I. C. Sime, J.S.C.I. 
1944, 63, 112). The refined oil is used for edible 
purposes, cruder oil for soap making and as a 
substitute for linseed oil in paints. 

M. L. M. 

NIGHTBLUEis the triphcnj-lnicthano dye- 
stuff prepared from tctractbyldiaminobenzo- 
phonono and p-tolyl'n-naphth3-lnmino. It forms 
insoluble compounds with Naphtliol Yellow S 
and Picric Acid, wliich maj’ bo used for the 
estimation of these substances. 

G. W. K. 

N I G ROS I N E (r. Vol. VI, 4C7d). 

N 1 1 N, a j-ellowish-brown fatty mass obtained 
bj' boiling hemipterous insects which feed on 
plants of the genus Spondias (Fain. Anacar- 
diacca?) in Yucatan and Vcracrur.. Schott 
(Chom. Nows, 1870, 22, 110; Report of the 
Commissioner of Agriculture, AVashington, 
U.S.A. 1868, 268) records the following proper- 
ties : m.p. about 49°, p’® about 0-92, soluble in 
ether. A film of the fat when heated above 
120° becomes tough and insoluble. A solution 
of the fat in oil of turpentine is a waterproofing 
medium and if exposed to air in thin laj-ers for 
a few days it acquires the properties of a hard 
diying varnish. 

J. N. G. 

N IKETHAM IDE. P3'ridino-3-cnrbox3*ldi- 
elhylamido. “ Coraminc." Circulatory and 
respiratory stimulant. B.P. Add. III., B.P.C. 
(u. SruTHETio Drugs). 

S. E 

N I N H YDR I N {v. Vol. I, 3246 ; AH, 307d). 

N lOB I UM (u. A''ol. Ill, 309d). 

-NIPAGIN" (u. Vol. AH, 3466). 

"NIRES/ST" (v. Vol. AHI, 37d). 

NISINIC ACID («. A'-oI. Ill, 2476). 

NITRALLOY {v. A^ol. AHI, 47d, 50a). 

NITRATINE, Soda-nitre, or Chile saltpetre. 
Sodium nitrate, NaNOj, is the most abundant 
and commercially important of the natural 
mineral nitrates, with potassium nitrate a very 
poor second. Nitratine crystallises in the rhombo- 
hedral system and is homeomorphous with 
calcito. Natm-al crystals are rare, the mineral 
being generally found as crystalline aggregates 
or grains, and as encrustations or widespread 
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deposits. Small rhoml)oliedrons of nitratine can 
readily be grown artificially in a crystallising 
solution of sodium nitrate. They possess per- 
fect rhombohedral cleavage and a double 
refi'action even stronger than that of calcite. 
The natural mineral is colourless or white, also 
grey, yellow, and reddish-brown, and has a 
vitreous lustre. It varies from transparent to 
nearly opaque, has a cooling and saline taste, 
and is strongly deliquescent, besides being easily 
and completely soluble in water. It colours the 
flame intensely yellow, and when heated in a 
closed tube with potassium bisulphate it emits 
red vapours of nitrogen oxides. Hardness 1—2 ; 
p 2-29. 

Owing to its ready solubility nitratine is con- 
fined to arid and desert regions, the only large- 
scale commercial deposits occurring in the 
Atacama, Tarapaca, and Antofogasta regions of 
northern Chile. Here the “ caliche ” or nitrate 
bed occurs as a superficial deposit &om a few 
inches to 14 feet thick, overlain by a shallow 
covering of sand, gravel, and gypsum. It con- ! 
tains about 25% of sodium nitrate, together 
with 2-3% of potassium nitrate, 8-50% of 
sodium chloride, and numerous sulphates, 
borates, bromides, and iodates. Of the several 
theories advanced to explain the origin of these 
puzzling deposits the most acceptable seems to 
be that which attributes the source of the nitrate 
to the leaching of nearby volcanic rocks under 
unusually arid conditions. The sodium nitrate 
is extracted from the caliche in the Shanks 
process by leaching at boiling temperatures; and 
in the Guggenheim process by filtering and 
leaching at lower temperatures. Iodine and 
sodium sulphate are valuable by-products. 
Chihean nitrate, in accordance with certain 
specifications, must contain a minimum of 
95-6% of sodium nitrate, 1-5% of sodium 
chloride, 0-75% of potassium chloride, and 0'6% 
of borax. The nitrate shipped to markets 
carries approximately 16% of nitrogen, together 
with minor quantities of magnesium, iodine, 
boron, calcium, lithium, etc., desirable for plant 
growth. 

Since their first commercial development in 
1825 the Chilean deposits have yielded about 
90 million tons of nitrate, the annual production 
during the past decade being about 1,400,000 
tons, which is less than half the output of the 
peak years 1928-1929. In 1937 the combined 
nitrogen production of the world was obtained 
thus : 76% from air, 17% from coal, and 8% 
from Chilean nitrate. Nitratine is principally 
used as a fertiliser, and to a minor extent in 
the manufacture of chemical salts and explosives. 

References. — E. B. ladoo, " Nou-Metallio Minerals,” 
New .York, 1925, 403-416 ; H. B. Graham, In " In- 
dustrial Minerals and Eooks,” American Institute of 
Mining and Metallurgical Engineers, Eew York, 1937, 
Chap. XXXn (with short bibliography) ; G. A. Koush, 
“ Strategic Mineral Supplies,” Eew Y'ork, 1939, 
Chap. XIV ; A. W. Allen, *" The Eecoveiy of Hitrate 
from Chilean Caliche,” London, 1921; J. L. Bich, 
“Physiographic Setting of the Nitrate Deposits of 
TarapacS, Chile ; its bearing on the problem of origin 
and concentration,” Econ. Geol. 1942, 37, 188. 

D. W. 

NITRE or SALTPETRE. A natimally- 
occurring potassium nitrate, KNO3, crystallising 
in the orthorhombic system, usually as thin 


white encrustations or as silky hair-like tufts 
Hardness 2; p 2-11. Eeadily fusible, giving 
violet flame, and easily soluble in water, with 
a saline and cooling taste. Nitre becomes 
rhombohedral at 339°c., but this modification 
does not occur as a natural mineral. The 
natural nitre commonlj’^ results from the action 
of bacteria on organic remains. About 10,000 
tons of refined saltpetre are produced annually 
from saline efOorescences on the surface of the 
soil in Bihar, Central India, the deposits being 
formed by reaction between urine, cow-dung, 
and wood-ashes from domestic fires. It also 
occurs as delicate crusts on the surfaces of earth 
and rocks in arid regions, and in the soil of 
limestone caves. Potassium nitrate (saltpetre) 
is present to the extent of 2-3% in the sodium 
nitrate deposits of Chile, and a produet usually 
referred to in the trade as nitrate of soda-potash, 
a mixture of sodium nitrate and potassium 
nitrate containing about 14% of nitrogen and 
14% of KgO, is exported mainly to the United 
States. Chile shipped more than 50,000 tons 
of soda-potash in 1940, chiefly for use as 
nitrogen-potash fertilizers. This Chilean nitrate 
is now finding increased competition from potas- 
sium nitrate prepared from crude potash salts. 
The refined nitrate finds service in curing meats, 
and in the manufacture of black powder, fire- 
works, and tobacco. 

D. W. 

NITRILES have the general formula 
RC=N and can be regarded as esters of hydro- 
cyanic acid. They can be hydrolysed to car- 
boxylic acids without loss of carbon atoms and 
hence are often regarded not as esters of hydro- 
cyanic acid but as derivatives of the acids 
which they yield on hydrolysis. Thus CHg-CN 
is called both methyl cyanide and acetonitrile. 

Pelouze in 1834 obtained the first synthetic 
nitrile, propionitrile, by distilling barium ethyl 
sulphate with potassium cyanide. 

Preparation. 

1. One of the most important methods con- 
sists in heating an organic halide (generally 
alkyl or arylalkyl) with potassium or sodium 
cyanide in alcohol. In place of the halide a salt 
of an alkyl sulphuric or phosphoric ester or an 
arylsulphonic ester can be used. The salts are 
heated with the cyanide without a solvent or 
in a non-aqueous solvent (U.S.P. 2298231). A 
small amount of jsonitrile is usually formed 
when this method is used. 

(2) By the dry distillation of amides or am- 
monium salts of organic acids with or without a 
dehydrating agent. This method has received 
many modifications and applications. A mix- 
ture of acid vapour and ammonia may be passed 
through a red hot tube (U.S.P. 2061314) or a 
mixture of acid and its ammonium salt may be 
heated together (B.P. 464106), alternatively 
ammonia may be passed through an acid or its 
ester and the resulting nitrile distflled off (P.P. 
812369). Suitable dehydrating agents for the 
conversion of amides or ammonium salts into 
nitriles are phosphorus pentoxide, thionyl 
chloride, phosphorus trichloride or oxychloride 
in pyridine, dimethylaniline, p-toluenesulphonyl 
chloride (G.P. 612226; 485897; U.S.P. 1876662; 
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J. Indian Chem. Soc. 1941, 18, 164), acetic 
anhydride (B.P. 632938), benzotricWoride (G.P. 
517760 ; 524715) or, for higher monobasic fatty 
acid amides and diamides of aromatic dibasic 
acids, phosgene can be nsed, e.g., 

R'CONHgd- COClj”^ R'CN 4- CO 2 + 2HCI 

(B.P. 488036; Canad.P. 366967). 

Many catalytic methods for this dehydration 
have been described. Suitable catalysts are 
thoria, titanium oxide, boron phosphate, 
h&uxite, kaolin, silicates, and various metals 
B.P. 536187; 451594; G.P. 704494; F.P. 
847296). Mixtures of alcohols, acids, acid 
chlorides, esters, and ammonia vrith catatysts 
give nitriles (Abe, J. Soc. Chem. Ind. Japan, 
1933, 36, 42; Mailhe, Compt. rend. 1918, 166, 
36, 121, 125 ; idem, ibid. 1920, 170, 813 ; idem, 
Bull. Soc. chim. 1918, [iv], 23, 380 ; ibid. 1920, 
[iv], 27, 266 ; Mitchell and Reid, J. Amer. Chem. 
Soc. 1931, 53, 321). 

3. By ^azotising a primary aromatic amino 
and decomposing the diazonium salt formed with 
cuprous cyanide or potassium cyanide and 
copper sulphate. An improved method involves 
decomposing the diazonium solution with alkali 
cupridiammonium cyanides or potassium cyanide 
and nickel chloride (B.P. 326149 ; G.P. 524187 ; 
U.S.P. 1879209; Korezynski and Pandrich, 
Compt. rend. 1926, 183, 421). 

4. Hydrogen cyanide reacts with certain 
ethylenic compormds in the presence of basic 
catalysts to give nitriles, e.g., with acrylic acid, 
and derivatives (G.P. 707862) or vinyl esters 
(G.P. 712373). Ammonia and a dehydration 
catalyst can replace hydrogen cyanide in tin's 
reaction (B.P. 295276 ; 332623 ; 332258 ; 
326795; G.P. 467220; 526798; 528897; 
U.S.P. 1421743). 

6. Alkyl isonitriles rearrange to nitriles on 
heating to 250°. 

6. Nitriles are produced when cyanogen is 
passed into a boiling mixture of an aromatic 
hydrocarbon and aluminium cldoride (Karrer and 
Zeller, Helv. Chim. Acta, 1919, 2, 482 ; Karrer, 
Rebmaim, and Zeller, ibid. 1920, 3, 261). 

7. By dehydrating aldoximes, 

R-CH:NOH R-CN + HjO 

with acetic anhydride or pyridine hydrochloride 
(Hauser and Vermillion, J. Amer. Chem. Soc. 
1941, 63, 1224, 1227). 

8. By heating an acid with a thiocyanate. 
Best results are obtained when the lead or zinc 
salt of the acid is heated with lead or cuprous 
thiocyanate or a mixture of lead ferrocyanide 
and' sulphur (Reid, Amer. Chem. J. 1910, 43, 
162 ; Van Epps and Reid, J. Amer. Chem. Soc. 
1916, 38, 2120). 

9. Nitriles are prepared, often in good yield, 
by the action of cyanogen or cyanogen chloride 
on a Grignard reagent. 

R-WlgCl + CNCl R-CN + MgCla 

(Grignard and Courtot, BuU. Soc. chim. 1915 ; 
[iv], 17, 228; Grignard and Ono, ibid. 1926, 
[iv], 39, 1589 ; Bellet and Courtot, Ann. Chim. 
1920, [ix], 12, 364). 

10. By treating cyanogen chloride with zinc 
alkyl. 


11. By treating primary amines containing 

more than five carbon atoms with bromine and 
potassium hydroxide. . . . 

12. Byromoval of sulphur from isothiocyantcs 
with metallic copper. 

13. By heating diarjdthioureas with zinc dust. 

14. By the action of alcoholic potassium 
hydroxide, sodium ethoxido, or a Grignard 
reagent on an aldehyde chlorimino, c.g., 

R-CH:NC1 + NaOEt 

-> R-CN + NaCI 4- EtOH 

R-CH:NC1 4- R'-MgX 

-V R-CN 4- R'H 4- MgXCl 

(Hauser and Gillespie, J. Amor. Chem. Soc. 
1930, 52, 4517 ; Maistre, Rainsford, and Hauser, 
J. Org. Chem. 1939, 4, 106). 

16. By distilling formanilidcs with hydro- 
chloric acid or zinc dust. 

16. Dehydration of cyanohydrins with thionyl 

chloride, or catalvtically, yields nitriles (G.P. 
496372). * ... 

17. Certain amino - acids (c.g., histidine, 
glycine, alanine) yield nitriles on treatment with 
sodium p-toluonesulphocbloramido (Dalcin, Bio- 
chem. J. 1916, 10, 319). 

18. Unsaturated nitriles may bo prepared by 
condensing cyanoacetic acid with aldehydes ; 

R-CHO 4- CN CH2-C0,H -> R-CH : CH-CN 

19. By passing the vapours of alkyl nitrites 
or amines over nickel at 300-400° (Sabatier and 
Gaudion, Compt. rend. 1917, 165, 224; Mailhe, 
ibid., p. 657 : 1918, 166, 996 ; Bull. Soc. chim. 
1919, [iv], 25, 588). 

Properties. 

The lower nitriles are colourless liquids which 
can bo distilled u-ithout decomposition. The 
I higher members are ciystallino solids. 



Formula. 

JI.p. 

B.p. 

Acetonitrile . 

CHs-CN 

-41° to 
-41° 

82° 

Proplonltrllo 

n-Butyro- 

CHj-CHj-CN 

1 -01-9° 

07-1° 

nitrile . 

CHvCHj-CHrCN 

- 112 - 0 ° 

118° 

Btcaronltrflc. 

C 17 B 35 CN 

+ 41° 

274-5°/ 
100 ram. 

Bcnzonitrllo. 

Plicnylnceto- 

CsHj-CN 

-13° 

100-7° 

nitrile . 

CeHj-CHj-CN 

CH>.-CHCN 

-23-8° 

234° 

Acrylonitrilo 

-82° 

78-79° 

MalononltrUo 

CH 4 CN)^ 

+ 32-1° 

220 ® 


Excepting the lower members the nitriles are 
only sh'ghtly soluble in water. They are 
hydrolysed by acids and alkalis to ammonia 
and the corresponding carboxj'lic acid. Strong 
hydrochloric or sulphuric acid is usually required, 
and if these fail, alcoholic potassium hydroxide 
may bo successful. Very resistant nitriles can 
often bo hydrolysed with orthophosphoric acid 
(Berger and Ohvior, Rec. trav. chim. 1927, 46, 
600 ; Olivier, ibid. 1929, 48, 668), or the nitrilo 
maj' bo passed with steam over heated alumina 
or thoria (Mailhe, Compt. rend. 1920, 171, 245). 
By the action of alcohoHo sulphuric or hydro - 
1 chloric acid ditrilos are converted into osters 
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(Spiegel, Ber. 1918, 51, 216; Pfeiffer, ibid., 
p 805 ; Pfeiffer, Engelhardt, and Alfuss, Annalen, 
1928, 467, 168). 

R-CN [R-CONHg] RCOOH 

R-CN + EtOH JliS- R-COOEt + NHg 

Usually the intermediate amides cannot be 
isolated when the simple nitriles are hydrolysed 
by the above method, but when heated with 
water at 180° or with alkaline hydrogen per- 
oxide at 40°, acid amides are obtained (Radzis- 
zewski, Ber. 1885, 18, 355 ; Deinert, J. pr. Chem. 
1895, [ii], 52, 431 ; McMaster and Langreck, 
J. Amer. Chem. Soc. 1917, 39, 103). Secondary 
amides are formed from nitriles by treating 
with organic acids, while treatment with acid 
anhydrides gives tertiary amides. 

Hydroxylamine reacts with aliphatic nitriles 
giving amidoximes : 

,NH 

R-CN + NHoOH -5- R-C^ 

\nhoh 

Hydrogen sulphide gives thioamides (Ralston, 
Van der Wal, and McGorkle, J. Org. Chem. 1939, 
4, 68) ; an alcoholic solution of hydrogen chloride 
gives imino-esters : 

.NH 

R-CN R-Cf 

\OEt 


(Pinner, Ber. 1883, 16, 363; 1884, 17, 184, 

2002 ). 

Grignard reagents react readily with nitriles, 
particularly aromatic nitriles, to give derivatives 
of ketimines from which ketones may be 
obtained by hydrolysis : 

R-CN + R'-MgX -> 


\c:NMgX 

R'/ 



This is a useful method of preparation of ketones 
but cannot be used with the lower nitriles which 
polymerise under such conditions, or with 
nitriles containing reactive hydrogen atoms, 
e.g., cyanoacetic ester (Blaise, Compt. rend. 
1901, 132, 839; 133, 1217; Bary, BuU. Soc. 
chim. 1922, [iv], 31, 397 ; Ectors, Bull. Soc. 
chim. Belg. 1924, 33, 146). 

Ketones are also produced from nitriles by the 
Hoesch reaction (Ber. 1915, 48, 1112 ; 1917, 
no, 462 ; Houben and Eischer, J. pr. Chem. 
1929, [ii], 123, 89; idem, Ber. 1930, 63 [B], 
2465, 2464), in which a phenol and the nitrile 
are condensed in the presence of hydrogen 
chloride sometimes together with zinc chloride. 
Polyhydric phenols undergo this reaction more 
really then monohydrio phenols. 

When a nitrile is added to a mixture of 
stannous chloride and ethereal hydrochloric 
acid reduction takes place and an aldimine is 
formed, 

R-CN R-CH:NH, 

which is hydrolysed rapidly with warm water 
to the corresponding aldehyde (Stephen, J.C.S. 


1925, 127, 1874; 1930, 2786; lOng, L’Ecnyer, 
and Openshaw, ibid. 1936, 352). More vigorous 
reduction with sodium and ethyl or amyl alcohol 
gives an amine : 

R-CN -> R-CHa-NHj. 

It is more usual to carry out this reduction 
catalyticaUy with hydrogen. In neutral solu- 
tion a mixture of primary and secondary amines 
results (von Braun, Blessing, and Zobel, Ber. 
1923, 56 [B], 1988 ; Winans and Adkins, 
J. Amer. Chem. Soc. 1932, 54, 306). The use 
of a platinum catalyst and glacial acetic acid as 
solvent increases the yield of primary amines 
(Kindler, Peschke, and Dehn, Annalen, 1931, 
485, 113; Rosenmimde and Pfannkuch, Ber. 
1923, 56 [B], 2258). Good- yields of acetylated 
primary amines have been obtained when reduc- 
tion was carried out in acetic anhydride using a 
platinum catalyst (Carothers and Jones, J. 
Amer. Chem. Soc. 1925, 47, 3051 ; Schales, Ber. 
1936, 68 [B], 1943). Primary amines are also 
formed by reduction of nitriles with palladium- 
charcoal in alcoholic hydrogen chloride (Hartung, 
J. Amer. Chem. Soc. 1928, 50, 3370) or with 
nickel in the presence of ammonia at 100-150° 
(Winans and Adkins, l.c. ; Schwoegler and Adkins, 
ibid. 1939, 61, 3499; U.S.P. 2166151). 

MetaUie derivatives can be obtained from 
nitriles which contain a hydrogen atom on the 
carbon atom which carries the cyanide group, 
e.g., phenylacetonitrile forms a sodio or potassio 
derivative when treated with the metal in an 
inert solvent in an atmosphere of nitrogen 
(Upson, Maxwell, and Parmelee, J. Amer. Chem. 
Soc. 1930, 52, 1971 ; Rising and Lowe, ibid. 
p. 2524) : 

Ph-CHa-CN -> Ph-CH:C:NNa 

the hydrogen liberated during the reaction 
reduces some of the derivative to toluene and 
sodium cyanide. In liquid ammonia the sodio 
derivative of phenylacetonitrile is formed ex- 
clusively (Baldinger and Nieuwland, ibid. 1932. 
54, 828 ; 1933, 55, 2851). The metallic deriva- 
tives are inflammable in air, phenylsodioaceto- 
nitrile giving benzoic acid and sodium cyanide ; 
on heating this derivative stilbene is formed. 
Alkyl halides react readily with these derivatives 
giving secondary or tertiary nitriles : 

Rl + Ph-CH;C:NNa Ph-CHR-CN-l-Nal 
R'l-f Ph-CR:C:NNa-> Ph-CRR'-CN-pNal 

(Baldinger and Nieuwland, l.c . ; Ramart, 
Compt. rend. 1926, 182, 1226; B.P. 253950; 
F.P. 728241; G.P. 473329; U.S.P. 1690325). 

Under certain conditions nitriles polymerise 
readily. On treating with sodium or sodamide 
in ether, bimolecular products are obtained, 
e.g., acetonitrile gives the imino -nitrile of 
acetoacetio acid : 

CH„-C:NH 

I 

CHa-CN 

Phenylacetonitrile under similar conditions 
gives flrst a dimer which ring-closes : 
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CHo 



This reaction has been studied extensively by 
J. r. Thorpe (c/. Atkinson and Thorpe, J.C.S. 
1906, 89, 1906; 1907, 91, 57S; 1909, 95, 1901) 
and has found many useful applications in the 
synthesis of organic compounds. Under more 
vigorous conditions nitriles of the type of aceto- 
nitrile and phenylacetonitrile give trimolccular 
products, e.g., acetonitrile on heating with 
sodium ethoxide gives a pyrimidine, cyano- 
methine : 

N 

lVIeC/^%C-NH, 

SCHs-CN i| 

N\^CH 

CMe 

in a similar manner purely aromatic nitriles, 
e.g., benzonitrile, give triazines : 

Pb 

3Ph-CN 1 !! 

PhL i’Ph 

Deledton of Nitriles. 

ifitrilra can be detected by reduction to the 
corresponding amines with sodium and alcohol 
and these identified by the usual methods; 
hydrolysis to amides has also been used (Cutter 
and Taras, Ind. Eng. Chem. [Anal.], 1941, 13, 
S30; Eorira and Palfray, Compt. rend. 1940, 
211, 396). Treatment of nitriles with Grignaul 
reagents to give ketones which form character- 
istic derivatives has been described as a method 
of identification (Schiiner and Turner, J. Amer. 
Chem. Soc. 1930, 52, 1267). Condensation uith 
phloroglucinol (Houben-Hoesch synthesis) gives 
readily characterised pldorophenoncs (HowcUs 
and Glenn, ibid. 1932, 54, 2451). 

/soNitriles, 

isoXitriles, tsocyanides, or carbylamines have 
the general form^a : 

R— NC 

(Kef, Annalen, 1892, 270, 267 ; 1895, 287, 265), 
or: 

R_N^C 

(Langmuir, J. Amer. Chem. Soc. 1919, 41, 1543 ; 
Hammick, Kew, Sidgwick, and Sutton, J.C.S. 
1930, 1876). 

The first fsonitriles were prepared in 1866 by 
Gautier by the action of silver cyanide on alkyl 


iodides. Later Ho&nann prepared them by the 
action of chloroform and alcoholic potassium 
hydroxide on primary amines : 

R-NH, -f CHClg R-NC -f 3HCI 

They are formed during the preparation of 
nitriles (sec ilethod 1) and when sodium hypo- 
chlorite reacts with certain imeides in alkahno 
solution (Dumont and Declerck, J. Pharm. Bclg., 
1931, 13, 925). 

The isonitriles are reactive, volatile hquicly 
with an extremely rcpulsivo odonr. Their 
formation is often used as a method for the 
detection of primary amines. 



rormula. j 

1 B.p. 

Methyl isocyanidc . 
Kthyl trocyanldc . 

Phenyl f'oeyanide 

CHj-NC ^ 

CHvCH-NC j 
CtH.-NC j 

50’ 

79’ 

ICC" 


They arc sparingly soluble in water and decom- 
pose on heating or standing for some time. Tliey 
arc stable to alkalis but arc lu'drolysed ■'"cry 
readily ivith dilute acids or water at ISO’ giving 
formic acid and primary amines. IVith hj'dro- 
chloric acid in ether, isonitriIr'.«, although not 
basic, form compoumls of the typo : 

2R-NC,3HCI. 

With sulphur above 100’ they give mustard 
oils, isothiocyanatcs ; 

R-NC -f S -V R-NCS. 

With hydrogen sulphide thiofomiamidcs arc 
product^ 1, while with mercuric oxide i.'ocyunates 
result : 

R-NC -f HgO -V Hg -f- R-NCO. 

On reduction with sodium in amyl alcohol or 
cat,alytically, secondary- amines are produced 
containing one methyl group : 

R-NC -V R-NH-CH3. 

For a review of the reactions of iVonitrilcs, see 
Passcrini, Atti R. Accad. Lincei, 1927, [vi], 2, 
2rrt. 

J. B. 

NITROANILINES. Ortho, and puru- 
nitroanilincs arc prepared two methods, the 
nitration of aniline derivatives and the araina- 
tion of the corresponding chlorobenzenes. 
Kitration of anUino in sulphuric add at —20’ 
yields far less ortho- than puru-isomcr, which is, 
however, accompanied by an almost equal 
quantity of me/a- owing to the largo amount of 
aniline sulphate formed. Kitration of acet- 
anih'dc similarly gives mainlj’ the pa ra -isomer, the 
amount of ortho- varying considerably with the 
conditions, being increased especially by the use 
of acetyl nitrate as reagent (Pictet* Ber. 1907, 
40, 1165). Full details of the proportions of tbo 
different products obtained under varying con- 
ditions in all these cases are given hv Holle- 
mann, Hartogs, and Van Linden (16^. 1911, 
44, 704). Sluller (Chcm.-Ztg. 1912, 36, 1055) 
describes tho technical preparation of p-nifro- 
aniline from aniline via acetanilide on the 200 kg. 
scale. The device of blocking the para-position 
by snlphonation affords a similar route to 
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o-nitroaniline. Sulphonation of oxanilide, fol- 
lo'wed by nitration, gives 2;2'-dinitro-oxanibde- 
4:4'-disnlpbonic acid, ■which is desnlphonated by 
hot acid (Wolfing, G.P. 65212; 66060). The 
hydrolysis of technical 2-nitroaniline-4-stil- 
phonic acid by hot sulphnric acid is a convenient 
laboratory method (Ehrenfeld and Puterbangh, 

“ Organic Syntheses,” 9, 64 ; SakeUaiios and 
Jatrides, Ber. 1925, 58 [B], 2286). 

The amination of nitrochlorobenzenes is the 
subject of numerous patents. Details for the 
pam-eompound are given by the Cla 3 d;on Aniline 
Co. (G.P. 148749), by Vasserman (J. Chem. Ind. 
Buss. 1930, 7, 1523), and in a series of patents 
by Saunders (B.P. 329260 ; 336136; U.S.P. 
1911717). It is claimed that the reaction is 
improved by the addition of lead dioxide and 
sodium acetate (Prye, U.S.P. 2104983), and salts 
of bivalent copper (Vorozhtzov and Itnulova, 
J. Gen. Chem. Russ. 1934, 4, 324). Corrosion 
of plant is reduced by the presence of amines 
(Dupont, B.P. 439055). Autoclaving -with am- 
monia may be avoided by simple heating ■with 
ammonium acetate (Soc. Chim. de la Grande- 
Paroisse, G.P. 376796). 

The removal of o-nitroaniline from the crude 
pom-compound is accomplished by treatment 
with hot alkali (Merrill, U.S.P. 1692308; 
1786766; Davis, U.S.P. 1903030 ; Piye, U.S.P. 
2128699 ; Vorozhtzov and Kozlov, J. Gfen. 
Chem. Buss. 1939, 9, 687) or reducing agents 
(Miller, U.S.P. 1673154; 1848137). The best 
method of laboratory purification of o-nitro- 
aniline is that of Kuhn, and Strobele (Ber. 1937, 
70 [B], 779) by chromatography on alumina in 
benzene. 

Methods of analysis of such mixtures are by 
setting-points (HoUemann, Hartogs, and Van 
Linden, ibid. 1911, 44, 704) and chromatography 
on calcium hydroxide (Karrer and Neilsen, Ber. 
Ges. Physiol. Exptl. Pharmakol. 86, 529 ; 
Amer. Chem. Abstr. 1937, 31, 6531). Specific 
techniques for determination of ortho- and para- 
compounds in the meta- are by estimation of the 
_ ammonia evolved by alkali (Semigano'wski, Z. 
anal. Chem. 1927, 72, 27) and bromination 
(Shi-viskaya, Prom. Org. Chim. 1936, 1, 163). 
Steam distillation (Terent’ev, Klimova, and 
Puziureva, Amer. Chem. Abstr. 1935, 29, 2479), j 
and reduction followed by colorimetric estima- 1 
tion -with acetylacetone (Kulikov and Panova, 
J. Gen. Chem. Russ. 1932, 2, 736) serve for 
ortho- in para-. The pora-isomer in the ortho- 
may be estimated by conversion to the phenols, 
steam distillation, and titration of the residue 
after reduction to p-aminophenol (Shcher- 
bachev. Prom. Org. CMm. 1938, 5, 753). 

o-Nitroaniline. — Manufacture and prepara- 
tion as above. Golden yellow plates or needles 
from water, m.p. 71-6°, soluble in hot water and 
organic solvents. 

«i-NitroaniIine is prepared by the reduction 
of m-dinitrobenzene, ■usually by sodirun sul- 
phide (typical procedure — Cobenzl, Chem.-Ztg. 
1913, 39, 799). More recent modifications in- 
clude the addition of ammonium chloride 
(Kirchov and Eskin, Amer. Chem. Abstr. 1930, 
25, 2441), sodium bicarbonate (Vorontzov, J. 
Chem. Ind. Russ. 1930, 7, 2145), and an inert 
solvent such as naphtha. Alternative reducing 


agents are manganous sulphide (Dawes, U.S.P. 
1766660), iron turnings and chloride (Lyons and 
Smith, Ber. 1927, 60 [B], 719; Laubashevich 
and Voroshilova, Prom. Org. Chim. 1937, 4, 263). 
TeUow needles from water, m.p. 114°, soluble in 
hot water and organic solvents. 

p-Nitroaniline. — Manufacture and prepara- 
tion as above. Pale yellow needles from water, 
m.p. 148°, soluble in hot water and organic 
solvents, not volatile in steam. 

2:4-Dinitroaniline may be manufactured 
from 2:4-dinitrochlorobenzene by treatment 
■with ammonia under pressure. Heating -with 
ammonium aceta^te is more convenient (Soc. 
Chim. de la Grande-Paroisse, G.P. 376796), 
especially in the laboratory (Wells and Allen, 

“ Organic Syntheses,” 15, 22) ; an alternative 
is urea (Pfister, U.S.P. 1752998). It forms 
yellow needles from aqueous acetone, m.p. 180°, 
sparingly soluble in cold alcohol and hot water. 
It is feebly basic and is readily converted by 
alkali to the corresponding phenol. 

The remaining dinitroaniUnes may be pre- 
pared according to the procedures used by Welsh 
(J. Amer. Chem. Soc. 1941, 63, 3276). 

2:4:6-Trinitroannine, Picramide. HoUe- 
mann (Rec. trav. chim. 1930, 49, 112) gives 
details of the preparation from p-nitroaniline, 
and from acetanilide. 

2;3:4:6-Tetranitroaniline has been sug- 
gested as an explosive (T.N.A.) {v. Vol. IV, 
487d) by Flfirscheim, who gives a compre- 
hensive re^view of the subject (J.S.O.I. 1921, 
40, 97 t). Macciotta (Gazzetta, 1930, 60, 408) 
describes the preparation of the corresponding 
nitroamine, which is decomposed to the aniline 
acid. 

G. W. K. 

N ITROCALCITE. A, mineral consisting 
of hydrated caloitim nitrate, Ca(N 03 )j,nH 20 , 
probably identical ■with the artificial monochnic 
salt Ca(N 03 )g, 4 Hg 0 (p 1-90). It occurs as 
an efflorescence of white silky fibres, and is 
usually found in limestone caves in association 
with nitre (see p. 4846). It is sometimes seen as 
an efflorescence on the walls of stables (“ waU- 
saltpetre ”). Calcium nitrate is now manu- 
factured on a large scale from atmospheric 
nitrogen for use as a fertiliser [v. CALcnm, 
Vol. n, 203d). 

L. J. S. 

NITROCELLULOSES (u. Vol. IV, 601- 
535). 

NITROCHALK {v. Vol. I, 352d; V, 66c). 

NITRO-COMPOUNDS, ALIPHATIC. 

The first nitroparaffin was made by Victor^ 
Meyer in 1872, by the interaction of amyl iodide 
■with silver nitrite. Some interest was aroused 
at that time on account of the great chemical 
reactmty of this series but not tmtil recent years 
has the method of direct nitration of the paraf- 
fins in the vapour phase rendered the lower 
members (from nitromethane to nitrobutane) 
available in quantity and opened up the possi- 
bilities of their technical exploitation. In this 
article it is proposed to review the general 
chemistry of aliphatic nitro-compounds rmder 
the three headings : I, Mononitroparaffins and 
their derivatives ; IT, Polynitro-compounds ; 
and m, d“-Nitro-olefins and their derivatives. 
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A firinl section, IV, deals with their known and 
potential uses. In view of the now extensive 
literatnre of this subject it is impossible to give 
a full bibliography in a short article ; where 
literature references are quoted, therefore, the 
most relevant have been chosen as far as possible. 

I. MoNONITEO-COjrpOtrNDS AND THEIR 

Debevtatives. 

Preparation. 

(а) By Interaction between Metallic Nitrites 
and Halogen or Sulphate Esters of Alcohols . — 
A nitropentane was first prepared by Victor 
Meyer (Ber. 1872, 5, 203) by heating amyl 
iodide with silver nitrite. The method is a 
general one and yields a mixture of the nitro- 
parafSn and the corresponding alkyl nitrite in 
relative amounts which vary with the nature 
of hoth the halogen and allcyl group (Rc 3 Tiolds 
and Adkins, J. Amer. Chem. Soc. 1929, 51, 
279), and which are readily separated owing to 
their widely different boiling-points. This 
method has been extended to the preparation of 
nitro-olefins other than A°-, nitro-kctoncs, nitro- 
acids, and nitro-csters. Silver may he replaced 
by mercury, and the use of sodium nitrite in the 
preparation of nitromethane from methyl 
chloride or bromide has been described (Great 
Western Electro-Chemical Co., U.S.P. 2105681 ; 
2117931). A further variation is the use of 
alkali or alkaline earth nitrites uith dimethyl or 
diethyl sulphates or salts of the corresponding 
hydrogen sulphates (c/. McCombio, Saunders, 
and Wild, J.C.S. 1944, 24). 

Salts of o-halogenatod carboxylic acids in 
which the halogen is attached to a primary' or 
secondary carbon atom react with allcali nitrites 
to give salts of a-nitrocarboxylic acids wliich 
are readily decomposed to the corresponding 
nitroparaffin. Thus, nitromethane is obtained 
in 61% yield from chloroacctic acid (Organic 
Syntheses, Coll. Vol. I, 393) ; 

CHaCI-COaNa NaNO; NOj-CHj-COnNa 

CHg-NOj-f NaHCOg 

This is the only case in which a good j'ield is 
quoted. 

(б) Liquid-phase Nitration, — Although the 
paraffins are not nitrated as readily as are 
olefins and aromatic hydrocarbons, nitro- 
paraffins have been obtained from hydrocarbons, 
ranging from the pentanes to the residues from 
the distillation of petroleum, by treatment with 
hot nitric acid (Ellis, Chemistry of Petroleum 
Derivatives, Chemical Catalog Co. Inc., Now 
York, I, 1040 ; Reinhold Publishing Corp., 
New York, 11, 1090). Paraffins or cyclo- 
paraffins containing a tertiary carbon atom yield 
tertiary nitroparaffins. In the absence of a 
tertiary carbon atom, although the entering 
nitro-group attaches itself to a secondary 
(usually in the 2 position), rather than to a 
primary carbon atom, primary nitro-compounds 
are also formed in small amounts. The reaction 
is slow owing to the mutual insolubility of the 
reagents. Moreover, due to the solubility of the 
initially formed nitro-compound in the nitric 
acid, by-products such as polynitro-compounds 


and oxidation and hydrolysis products are also 
produced. As a consequonco, tlio yield oi 
mononitro derivatives is often poor. Increase 
in temperature results in more rapid reaction 
and bettor yields, and a G0% yield of 2-nitro- 
hexano has been obtained from ii-hexano by 
use of dilute nitric acid at a rclativclj' liigh 
temperature (140°) in a scaled tube ; hot dilute 
nitric acid also nitrates the side chains of arali- 
phatic compoimds {c.g., toluene) without nitra- 
tion of the nucleus. In the case of the lughcr 
paraffins (Cg-Cjg), superheated nitric acid 
vapour may bo passed through the hj’drocarbon 
at 121-200°. According to Gnindmann (Dio 
Chemio, 1943, 66, 159, 323) reaction then gives 
all the sec.-nitro-compounds to bo ejected from 
random nitration. Nitric-acetic acid mixtures, 
benzoyl nitrate, and acetyl nitrate have also 
been used, but all suffer from the disadvantage 
that they are not stable under the reaction 
conrlitions. Sulphuric-nitric acid mixtures arc 
unsuitable since priinarj' nitroparaffins are 
quicldy hydrolysed b}' hot sulphuric acid, 
while Bccondarj- and tcrtiar 3 ' nitro-compounds 
are converted into tars. Little is loiown about 
the mechanism of these nitrations except that 
free radicals are not involved (Stevens and 
Schiessler, J. Amer. Cliein. Soc, 1910, 62, 2885). 
The introduction of negative groups into 
paraffins facilitates nitration. Thus, KonowalofT 
found that cliloro derivatives of butano and 
pentane were more easily filtrated than the 
hydrocarbons themselves (Chem. Zentr. 1001, 
76, I, 1478; II, 200; 190C, 77, II, 1552), while 
both ethyl acetate and acotoacctic ester give 
nitroacclic ester irith fuming nitric acid in 
acetic anhydride at 30-35° [Boiiveault and 
Wahl, Bull. Soc. chira. 1901, [iiij, 31, 847]. 
Malonic ester and its amide are nitrated oven 
more readily (iffcnke, Roc. trav. chim. 1930, 49, 
381). 

(c) Vapour-phase Nitration.- — Jloro recently, 
H. B. Hass and his collaborators (Ind. Eng. 
Chem. 1936, 28, 339; 1938, 30, 67; 1939, 31, 
648; 1910,32,427; 1911,33,1138; 1942,84, 
300) have developed a new method for the 
nitration of paraffins which depends upon 
operation in the vapour phase. Tlio gaseous 
paraffins were nitrated for the first time bj' this 
means. Jlethano is less easily nitrated than the 
higher paraffins. Ethane is nitrated somewhat 
more easily but not ns rondil 3 ' ns propane ; no 
appreciable difference has been observed in the 
case of paraffins higher than propane. Although 
paraffins ns high ns undecano have tluis been 
nitrated the liquid-phase method described by 
Grundman (/.c.) is probably more suitable for 
the less volatile hydrocarbons since the higher 
nitroparaffins from CgHj^-NOj begin to decom- 
pose at their boiling-points. l5itrogen peroxide 
may bo used to replace nitric’ acid (I.C.I., B.P. 
627031 ; Hass and Riley, Chem. Reviews, 1943, 
32, 381), Increase in temperature or pressure 
increases the speed of the reaction. At low 
temperatures (100-200°) tertiary paraffins give 
tertiary nitro-compounds, wliilo in other cases 
the entering nitro-group attaches itself to a 
secondary carbon atom rather than to a prinmn', 
ns in the case of liquid-phase nitration (Hass and 
Kiley, I.C.; Hass, Ind. Eng. Chom. 1943, 85, 
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1146; I.C.I., Z.C.). Dinitro-compounds are also 
formed. At higher temperatm-es (248-600°) the 
speed of the reaction is greatly increased, so 
that a continuous flow process can be con- 
veniently employed, but the character of the 
product is entirely changed. A mixture of aU 
the mononitro-compounds which could theo- 
rectically result by replacing either any hydrogen 
atom or any alkyl radical in the hydrocarbon 
molecule with a nitro-group is obtained. Poly- 
nitroparaffins are not formed unless paraffins 
of rather high molecular weight are used, but a 
considerable amount of oxidation accompanies 
the reaction. In contrast to the liquid-phase 
method, however, very little of the nitrating 
agent is degraded to elementary nitrogen. The 
Commercial Solvents Corporation have erected 
a pilot plant at Peoria, Illinois, for the nitration 
of propane, ii-butane, and Mobutane by the 
high temperature continuous flow process, and 
in May 1940 began the nitration of propane; 
they now market nitromethane, nitroethane, 
l-nitropropane, and 2-nitropropane ; 1- and 2- 
nitrobutane have also been supplied in small lots. 
The mechanism of the reaction is obscure and is 
stiU under active investigation. Although 
cycZoparaffins and ohloroparaffins have also been 
nitrated in the vapour phase, very few other 
aliphatic compounds have been treated in this 
manner (c/. Hass and Riley, l.c.). 

{d) Miscellaneous . — A nitro-group may be 
introduced into a compound containing reactive 
methylene (e.g., benzyl cyanide, cyclopentadiene) 
by condensation with ethyl nitrate in the 
presence of sodium ethoxide. Phenylnitro- 
methane is most conveniently prepared by this 
method (Organic Syntheses, 19, 73) : 

PhCHo-CN PhC(CN);NO„Na 

^ -fNaOEt ' ' ^ 

aq- NaOH PhC(C02Na):N02Na 
acidiflcation PhCH-jNOj 

l:2-Nitrochloro-compounds have recently been 
obtained by the addition of nitryl chloride to 
olefins (Steinkopf and Kiiknel, Ber. 1942, 75 [B], 
1323). 

Physical Properties. 

The mononitroparaffins (Cj-Cjg) are colour- 
less liquids possessing boiling-points consider- 
ably higher than the parent hydrocarbon, and 
high dielectric constants. They are sparingly 
soluble in water, the solubility decreasing as the 
series is extended, but are soluble in the majority 
of organic solvents. The lowest member of the 
series, nitromethane, is anomalous in not being 
miscible with paraffins, and its use as a selective 
solvent in petroleum refining has been proposed 
(see p. 4976). Their toxicity is of a low order 
(about the same as petroleum naphtha). 

Reactions. 

(a) Action of Acids and Bases . — Primary and 
secondary nitroparaffins dissolve in aqueous or 
aqueous-alcoholic solutions of strong alkalis to 
form salts : tertiary ones do not. This is due 
to the fact that the first two can exist in two 
tautomeric forms, the normal and the salt- 


forming iso- or aci-form (also known as nitronio 
acids). Most of the chemistry of the aliphatic 
nitro-compounds arises from the reactivity of 
the act-forms. They are apparently weaker 
acids than carbonic, since nitroparaffins can be 
regenerated from their salts by treatment with 
carbon dioxide. The structure of their salts is 
still unsettled (Hass and Riley, l.c.), but their 
properties suggest the presence of the hybrid 

R" R" 

I O I/O 

R'— C=N<f ^ R'_C— Nf 

\o- • I 

R" 

I /O 

^ R'_C_nC 

I 

I. 

anion (I) in which the first structure pre- 
dominates. Thus, optically active sodium salts 
are known to exist and both C and O derivatives 
have been obtained on alkylation or acetylation. 
When these salts are acidified, the aoi-form is 
released and in some cases, particularly when it is 
solid, can be isolated. The free acid form may 
then isomerise to the nitro-form on standing. 
To isolate the aci-form or the corresponding 
nitro-compound the acidification is best carried 
out either at a very low temperature or with a 
weak acid such as carbon dioxide or acetic acid ; 
otherwise at room temperature, if the oci-form 
is derived from a primary nitro-compoxmd, 
rearrangement to a hydroxamio acid may occur 
(c/. Yale, Chem. Reviews, 1943, 33, 226) : 

RCH-.NOOH -> RC(OH):NOH 

or it may decompose to nitroiw oxide and an 
aldehyde (or a ketone in the case of a secondary 
derivative). In many cases the latter reaction 
predominates when an aqueous solution of the 
salt is added to excess cold dilute sulphuric acid, 
and aldehydes (or ketones) are obtained in 85% 
yield (Johnson and Degering, J. Org. Chem. 
1943, 8, 10). 

2R-CH:N02Na -f 2H2SO4 -v 

2R CHO -b N 2 O -f 2NaHS04 + HgO 

2R2C:N02Na -b 2H2SO4 -> 

2R2CO -b N2O -b 2NaHS04 -b H2O 

Aldehydes and ketones may also be obtained in 
excellent yield by oxidation of the salts of 
primary and secondary nitro-compounds respec- 
tively with potassium permanganate or hydrogen 
peroxide (Nametkin and Posdnjakowa, Chem. 
Zentr. 1914, 1, 757). On the other hand, if the 
acidification of a salt derived from a primary 
nitro-compound is carried out with hot acid, 
carboxylic acids are obtained by hydrolysis of 
the hydroxamic acid shown above. Excellent 
yields of carboxylic acids and hydroxylamine 
can also be obtained by heating the primary 
nitroparaffins with 85% sulphuric acid (Lippin- 
cott and Hass, Ind. Eng. Chem. 1939, 31, 118) ; 

R-CH2-N02-b H2O R COOH -b NH2OH 

Secondary nitroparaffins yield tars with hot 
mineral acids. 
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Primary, secondarj’-, and tertiary aliphatic 
nitro-compounds can be differentiated from one 
another by reaction with nitrous acid in alkaline 
solution. The primary compounds give ^ a red 
coloration due to the formation of a nitrolic acid 
salt (11), while the secondary derivatives give a 
blue colour due to the formation of a ^-nitrolo 
(HI). Tertiary derivatives do not react. 

.NO„ R\ /NO, 

R-c/ “ ;C<: 

'^NONa ^NO 

n. in. 

^-Nitroles are converted into the corresponding 
dinitro-'compounds on oxidation with chromic 
acid, whilst with hydroxylamino or sodium amal- 
gam in alkalino solution thej' yield ketoximes. 

The sodium salts of the aliphatic nitro- 
compounds are usually colourless crystalline 
solids (c/. Hantzsch, Bcr. 1907, 40, 1623) soluble 
in water but sparingly soluble in alcohol. 
■RTien crystallised from alcohol they often con- 
tain alcohol of crystallisation and when dry nro 
imstable. For example, sodium nitromethnno 
explodes on heating on a water bath, on treat- 
ment with a little water, or on subjection to a 
sharp blow. The potassium salt is unstable at 
room temperature. Sodium nitroothanc also 
explodes on heating gently. Aqueous solutions 
of these salts can often bo precipitated by the 
salts of heavy metals. Sodium nitromethano is 
exceptional in that it gives with mercuric 
chloride a 20% yield of mercuric fulminate by 
loss of water from the initially formed mercuric 
salt. 

(CH2:NOO)2Hg (CNO)2Hg -f- H.O 

When nitromethano is heated with strong 
alkalis, salts of methazonic acid, and nitroacotic 
acid are successively formed : 

CH2;N02Na -f CH3-N02 

[N02-CH2-CH2-N(6H)0Na] -> 

NOH:CH-CH:NO„Na -f H,0 

I 

Na00C-CH:N02Na [N: C CH:N02Na] 
The intermediate nitroacetonitrilo can bo 
obtained by action of ethereal thionyl clilorido 
on methazonic acid (Stcinkopf and Bohrmann, 
idid. 1908, 41, 1048). The higher primary 
nitroparaffins also undergo self-condensation on 
treatment with alkahs, but in this case three 
molecules take part. With inorganic bases, 
trialkylisooxazoles (IV) are obtained, whilst 
organic bases yield l;3-dioximes (V) which, it is 
suggested, are intermediates in the former re- 
action (Lippincott, J. Amer. Chem. Soc. 1940. 
62, 2604). 


I 1 NOH NOH 

RC O II II 

RCCHRCR 
N 

W. V. 

(b) Gondmsalion with Aldehydes . — ^Almost all 
primary and secondary nitro-compounds con- 
dense with aldehydes in the presence of a 
catalj^t. Basic catalysts (cither inorganic or 
organic) nro most commonly used but zinc 
clilorido has been employed with aromatic 
nldch 5 'dcs. In the case of formaldehyde, ono 
or more of tho a-h 5 ’drogon atoms is replaced by 
a methylol group according to the reaction con- 
ditions and when tho product contains no free 
o-hj'drogen, tho process can bo part iallj’ reversed, 
I.C., one mothj'lol group can be removed, usually 
by treatment with ono molecule of strong alkali : 

CHj-NO, CHa(OH)CH2-N02 -> 

(CH2-0H)2CH-N02 (CH2-0H)3C-N0, 

Me-CHj-NO; -> CHMe(NO;)-CH2-OH ^ 

CMcN02(CH2-0H)2 
MgjCH-NO, CMc2(N02)-CH2-0H 

C 3 'clic acetals of (VI) have been prepared 

from several of these diols and triols-bj’ further 
condensation with aliphatic aldchvdes (Senkus, 
ibid. 1941, 63, 2C3.5). 

/NO. 

R'CH 

\ ' ^ R 

^O— CH, ^ 

Yl. 

Higher aliphatic aldehydes yield alcohols in a 
similar manner, but hero condensation is more 
difficult when onl 3 ' one a-hj’drogen atom is 
present; tho last hj’drogen atom, however, is 
readily' replaced b^' a methylol group a.s described 
above : 

CHg-NOj -V CHR(0H)-CH2*N0, -v 
[CHR(0H)]2CH-N02 -> 

[CHR(0H)]2C(N02)-CH2-0H 

IVith basic catalj’sts, aromatic aldehydes yield 
monohj’dric alcohols but special precautions 
must bo taken if it is desired to isolate them, 
since nitro-alcohols of these types nro very 
readily dehydrated. Using zinc chloride ns 
entatyst unsaUiratcd nitro-compounds are ob- 
tained directly : 

Ar-CH:CH-NO, 


Ar-CHO -t- CH3-N02 ^=>0^, Ar-CH (OH) CH 2 -NO, 

ZnCb 


The nitro-alcohols can be esterified by tho 
usual methods to give acetates, phthalatcs, 
phosphates, and similar compounds. The tri- 
nitrate of trimethylol nitromethano is stated to 
have excellent explosive properties similar' to 


nitroglycerine, but to bo more stable and to have 
a lower freezing-point (Hofwimmer, J.S.C.I. 
1912j 31, 204). Certain nitro-alcohols have been 
oadisod to tho corresponding nitro-kotoncs 
(Parkes and Williams, J.C.S. 1934, 67). 
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(c) Condensation with Keiones . — Nitromethane 
reacts -with ketones suck as acetone, methyl ethyl 
ketone, diethyl ketone, and methyl propyl 
ketone under the influence of a basic catalyst to 
give l:3-dinitroparafiins (Fraser and Kon, 
ibid. 1934, 604). Since l-nitro-2-methyl propene 
(Vn) has been isolated from the product of the 
reaction between acetone and nitromethane and 
sliown to react with nitromethane (Hass, Ind. 
Eng. Chem. 1943, 35, 1150) this reaction is 
believed to ojicur in the following manner : 

MejCO + CHg-NOg-^ Me2C(0H)-CHgN02 

Me2C(CH2-N02)2 Me^C.-CH NOa 

VII. 

cycZoHexanone and cycZopentanone behave 
sinfllarly with the formation of nitro-alcohols. 
Isatin, a-diketones, and phenathraquinone also 
yield nitro-alcohols on condensation with 
primary nitroparaflSns (Zrike and Lindwall, 
J. Amer. Chem. Soc. 1935, 57, 207 ; Jakubo- 
witsch, J. pr. Chem. 1935, [ii], 142, 37 ; Fnjise 
et al., Ber. 1935, 68 [B], 1272). 

{d) Addition to Double Bonds . — ^Under the in- 
fluence of a basic catalyst, many primary and 
secondary aliphatic nitro-compounds will con- 
dense with compounds containing an activated 
double bond. The reaction takes place most 
readily with a^-unsaturated ketones ; and when 
the initial product is a primary or secondary 
nitro-oompoimd, further reaction may occur, 
e.g., 


Ph-CO-CH:CH, 


CHyNOj 

MeONa^ 


Ph-COCHa-CHg-CHj-NOg ' 

-f (Ph-CO CHj-CHjljCH-NOj 

-h (Ph-C0CHa-CH2)3C-N02 

a|S-Unsaturated esters, nitriles, and nitro 
compmmds and benzylideneaniline have also 
been employed. It is interesting to note that 
Mannich bases derived from methyl ketones 
react with sodium nitromethane to form similar 
products (Eeichert and Posemann, Arch. Pharm, 
1937, 275, 67) : 


Me,NCH„-CH,-CO-Ph 


CHj-NOz 
MeONa ’ 


NOa-CHa'CHj-CHa-COPh 

Nitromethane also condenses with carbon disul- 
phide in the presence of alcoholic potassium 
hydroxide; further treatment of the resulting 
dithioacid salt with hot aqueous alkali 5 delds the 
corresponding salt of nitroacetic acid. 


CHa-NOo + CS, KOH 


KSSCCH-.NOgK 

KOOCCH:NO,K 


Nitromethane and phenyl isocyanate yield oi- 
nitroacetanihde, NOj-CHj-CO-NHPh, and 
nitromalonanilide, NOj-CH(CO-NHPh) 2 , 
under suitable conditions. 

(e) Beduction. — Aliphatic nitro-compoimds 
have been reduced to amines by a large variety of 
reducing agents, but the best yields result from 
the use of either iron and acetic acid or Haney 


nickel and hydrogen under pressure. Weak 
neutral reducing agents such as zinc dust and 
water or aluminium amalgam yield hydroxyl- 
amines, also obtained in poor 3 deld using sodium 
in liquid ammonia (Watt and Kmowles, J. Org. 
Chem. 1943, 8, 540), and in many cases in good 
yield by electroljrtic reduction in the cold (Bruck- 
ner, Kramli, and VinHer, Amer. Chem. Abstr. 
1939, 33, 1602). Catalytic methods (Pd/Hj in 
the presence of oxalic acid) have been used for 
the preparation of hydroxylamines from certain 
nitro-alcohols (WUkendorf and Trend, Ber. 
1923, 56 [B], 611). Primary and secondary 
nitro-paraftos yield )3-diaIkylhydroxylaniines 
on treatment with zinc dialkyls (Bewad, Chem. 
Zentr. 1900, H, 942 ; J. pr. Chem. 1901, [ii], 63, 
193 ; Mamlock and Wolffenstein, Ber. 1901, 34, 
2503). Thus, N -ethyl- N-propylhydroxylamine 
is obtained from nitromethane and zinc diethyl ; 

CHg-NOg CHgEt-NEt-OH 

Alkyl zinc iodides behave similarly, but Grignard 
reagents give a mixture of two ^-dialkylhydroxyl- 
amines (Bewad, ibid. 1907, 40, 3065; Moureu, 
Compt. rend. 1901, 132, 838; Wang, Trans. 
Sci. Soc. China, 1933, 7, 253) ; 

R-CHj-NOj 

CHRR'-NR'-OH -f R-CHj-NR'-OH 

Sodium amalgam or zinc dust in alkaline 
solution converts many primary and secondary 
nitro-compormds into oximes, which are also 
obtained in excellent yield when a solution of the 
sodium salt of the nitro-compound is treated 
with stannous chloride and hydrochloric acid 
in the cold (Konowaloff, Chem. Zentr. 1899, I, 
697). Beduction of primary and secondary 
nitroparaffins with zinc dust and glacial acetic 
acid, followed by hydrolysis of the resulting 
oximes in situ has given the corresponding alde- 
hydes and ketones in 43% yield (Johnson and 
Degering, J. Amer. Chem. Soc. 1939, 61, 3194). 
Tertiary nitroparafBns do not give oximes, but 
chloro-compoimds of type (VIH) have been 
reduced by catalytic means to ketones. 

CRoCl-NO, CRaCI-NHo 

CRa:NH RaCO 

vm. 

O xim es can also be obtained by the decom- 
position of the methyl esters of the nitronic 
acids (Arndt and Rose, J.C.S. 1935, 1) : 

R-CH-.NOOMe RCH;NOH -1- HCHO 

(/) Condensation with fi-Mefhylolamines . — 
Interaction of nitromethane with N-methylol- 
derivatives of scc-aliphatic and -heterocyclic 
amines leads to replacement of two hydrogen 
atoms and formation of a derivative of 2-nitro- 
l:3-propylenediamine : 

CHj-NOg -f 2RR'N CH2-0H -> 

N02-CH(CH2-NRR')2 + 2 H 2 O 

With the higher nitroparafiSns a similar reaction 
may lead to replacement of either or both of the 
reactive hydrogen atoms (c/. De Mauny, Bull. 
Soc. chim. 1937, [v], 4, 1451, 1460). The re- 
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action is presumably reversible, as treatment of 
2-nitro-l:3-di(dimethylamino)-propane witb ani- 
line gives 2-nitro-l:3-dianilino-propane by dis- 
placement of dimethylamine (Duden, Bock, and 
Reid, Ber. 1905, 38, 2036). ^ 

{g) Haloge 7 iation.~ 1 iie act-form and alkali 
salts of primary and secondary nitroparaffins 
react with halogens -svith great ease to give 
o-halogen derivatives 

CRR':NOONa + Brg -3- 

BrCRR'-NO. + NaBr 

All a-hydrogen atoms in nitroparaffins may 
thus be replaced, but to obtain the polyhalo- 
genonitromethanes, the presence of strong 
niknii must be avoided. Thus, chloropicrin is 
prepared by treatment of nitromethano ivith an 
alkali hypochlorite or ■with chlorine in the 
presence of calcium carbonate (Groat Western 
Electro-Chemical Co.," U.S.P. 199G3S8 ; Com- 
mercial Solvents Coip., U.S.P. 2181411; c/. 
Jackson, Chem. Reviews, 1934, 14, 261). a- 
Chloro- and a-bromo-nitroparaffins are more 
stable than the corresponding iodo-compounds, 
many of which decompose on distillation (Soiglo 
and Hass, J. Org. Chem. 1940, 5, 100). Little 
is known about the reactivity of the halogen in 
these derivatives although certain members 
yield higher nitroparaffins ■with zinc diallcyls 
(Bewad, Ber. 1891, 24, 973 ; 1893, 26, 129), and 
■with the sodium salts 'of sec-nitroparaffins give 
l:2-dinitroparafl6ns (Seiglo and Hass, l.c.), and 
mth potassium nitrite and alcoholic caustic 
potash give grcm-dinitro-compounds (ter Jlcor, 
ibid. 1876, 8, 1080). 

Chlorination of the nitroparaffins tmdor the 
influence of phosphorus pentoxido and intense 
illumination causes replacement of hydrogen 
atoms other than those on the a-carbon atom 
(Hass and Riley, l.c.), but bromine gives the 
same products as under basic conditions. 

Other methods for the preparation of aliphatic 
chloronitro-compounds include the treatment of 
nitro-alcohols with phosphorus pontachlorido 
and many ob^vious variations of the synthetic 
procedures already described (c/. Hass and Riley, 
l.c.). 

(h) Reaction with Diazo - compounds, — Di - 
azonium salts react ■with the salts of primary 
and secondary nitro-compounds in the absence 
of excess alkali to give hydrazones (IX) and azo- 
compounds (X) respectively : 

NOa-CR.-N-NHAr 

IX. 

NOa-CRR'-N:NAr 

X. 

In the presence of excess allrali, a second a- 
hydrogen atom in primary derivatives is replaced. 

II. POLYNITEO-COMPOUKDS. 

Liquid-phase and low temperature (20-200°) 
vapour-phase nitrations of paraffins often yield 
polynitro-compounds in which the nitro-groups 
may be attached either to the same or different 
carbon atoms (Ellis, op. cit.). Compounds of the 
latter type have also been prepared by the 


Victor Meyer procedure an d b y other reactions 
[I, Reactions (a), (d), (g ) ; HI, Preparation (a). 
Reaction (^)]. In addition, l:2-dinjtro-com- 
poimds have been obtained by the elcctroly.sis 
of the salts of mononitro-compounds (Ncnit- 
zescu, ibid. 1929, 62 [B], 2669). Apart from 1:2- 
and l;4-dinitro-compounds of the constitution 

NOj-CHR-CRs-NOj and 

NOjCHR-CHiCH-CRoNOj 

which arc exceptional in that they can bo con- 
verted into imsaturatcd compoimds by loss of 
nitrous acid [III, Preparation (a)], this typo of 
polynitro-compound is similar in chemical 
properties to the mononitro-compounds. 

The preparation of {^cm.-dinitro-compounds by 
the oxidation of ^-nitrolcs and by treatment of 
an a-halogononitro-compound with potassium 
nitrite and alcoholic potassium h3'droxido has 
alread}’ been mentioned [I, Reactions (a) ; ((?)]. 
They can also bo obtained (a) by the action of 
nitric acid on secondary alcohols, ketones, and 
nllc3dacctoncotio esters (dieth3'lcnrbinol, dicth3'l 
ketone, and ethyl mcth3’lacetoacotato all 3‘icld 
l:l-dinitroothano), (b) by tho nitric acid oxida- 
tion of saturated monocarbox3’Hc acids which 
contain a tortiar3' carbon atom (isobut3Tic and 
jjovaloric acid both 3'iold 2;2-dinitropropnno) and 
(c) by tho reduction of a-halogono-dinitro- 
paraffins inth ammonium sulphide or arsenious 
acid. Dinitromethano is unstable but the 
higher members can bo distilled without decom- 
position. Tlio priinaT3' dinitro-compounds (i.c., 
those containing an a-h3’drogon atom) are strong 
acids and almost cortainl3’ exist in tho nci-form 
in aqueous solution. Their salts are yellow in 
colour, 3’icld a-halogcno derivatives with halo- 
gens, and couple with diazonium compounds. 
Tho potassium salt of dinitromethano has been 
condonsed with aliphatic nldoh3’dc3 to give 
alcohols, and ■with aldch3’do-ammonia to give 
l:l-dinitro-2-aminopropnno. Reduction of tho 
primary compoimds ■with tin and hydrochloric 
acid 3'iolds carboxylic acids, c.g., l:l-dinitro- 
othano gives acetio acid. Socondnr3' compounds 
similarly yield ketones. With aluminium amal- 
gam, ono nitrogen atom is rcndil3' lost giving an 
oximo which can bo further reduced to an amino. 

Nitroform (trinilromothnno) is best prepared 
from totranitromothanc and potassium forro- 
c3'anido; smooth reaction gives tho potassium 
salt of nitroform in quantitative 3’icld : 

C(N02)4-}-2KiFe(CN)e -v 

C(N 05 ,)„:N 0 „K -t- KNOa 2K3Fe(CN)8 

Potassium hydroxide or potassium othoxido 
may also bo used, but this is a vor3’ dangerous 
procoduro owing to tho risk of violent ex- 
plosions. Tho potassium salt gives free nitro- 
form with dilute sulphuric acid. Higher trinitro- 
paraffins have boon obtained from tho silver 
salt of nitroform and allcyl iodides. Nitroform 
is strongly acidic in aqueous solution, indicating 
the presence of tho aci-form. Its morcur3’ and 
silver salts aro remarkable in that they are 
soluble in most organic solvents ; possibly they 
have tho chelated structure (XI) (N. V. Sidg- 
wick, T. W. J. Taylor, and W. Baker, “ Organic 
Chemistry of Nitrogen,” Oxford Univorsit3’ 
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Press, 1942, p. 246). The higher trinitro- 
paraffins, which cannot form salts, are converted 
into dinitroparaffins by alkalis. 

0 

t „ 

OaN-C Ag 

\n==o^ 

1 

O 

XI. 

Tetranitromethane (cf. Sidgwick et al., op. 
cit.) has been obtained by nitration of many 
compounds including acetylene and nitroform, 
but is best prepared from acetic anhydride 
and anhydrous nitric acid (Organic Syntheses, 
2J, 106). It is stable when pure and boils 
without decomposition, but cannot safely be 
mixed indiscriminately with other organic com- 
pounds; thus with toluene violent explosions 
have been reported (Stettbacher, J. Ind. Hyg. 
(Abstr.), 1943, 25, 49 (2)) ; acid reducing agents 
give guanidine. Tetranitromethane is used to 
test for the presence of double bonds since it 
gives yellow to brown-red colours with most un- 
saturated and aromatic compounds ; nitro- and 
carboxyl groups often inhibit this reaction. Its 
use for the nitration of olefinic compounds is 
referred to below; it will also nitrate the 
aromatic, nucleus in dimethyl-p-toluidine and 
phenols, but in the presence of p3nridine tert.- 
arylamines give N-nitroso derivatives of the 
corresponding alkylarylamine, e.g., dimethyl- 
aniline gives N - nitrosomonomethylanUine 
(Schmidt and Fischer, Ber. 1920, 53 [B], 1629, 
1637). 

ni. d^-NlTBO-OLEIUfS AND THEDB DERIVATIVES. 

Preparation. 

(a) From Unsaturated Hydrocarbons. — The 
direct nitration of olefinic compotmds takes 
place much more readily than that of the 
paraffins. Thus, isobutene, aa-diphenylethy- 
lene, trimethylethylene, ethyl /Sj9-dimethyl- 
acrylate, and ethyl p-nitrocinnamate all give 
id “•-nitro derivatives on treatment with nitric 
acid. There is no doubt that the mechanism of 
the reaction is addition of nitric acid followed 
by dehydration of the resulting nitro-alcohol, 
e.g., 

CMe„:CH„ OH-CMe,-CH„-NO„ 

CMearCHNOg 

The intermediate alcohol and its nitrate can 
often be isolated from the reaction product and 
the former is readily dehydrated to the un- 
saturated nitro-compound. 

The production of nitro-olefins by treatment 
of tertiary alcohols such as tert.-butyl alcohol 
and benzyldimethylcarbinol ■with nitric acid is 
clearly a similar reaction which depends upon the 
initial formation of an unsaturated compound : 

CH3)3C-0H (CH3)5.C:CH2 

(CH3)3C:CH-N02 


The treatment of certain styrene derivatives 
with tetranitromethane in pyridine gives -the 
corresponding j8-nitrostyrene (Schmidt et al., 
ibid. 1922, 55 [B], 1751). 

ri “-Nitro-olefins are often obtained from the 
products of interaction of nitrous fumes (or 
nitrogen peroxide) and olefins (Priebs, Annalen, 
1884, 225, 327 ; Lipp, ibid. 1924, 449, 16 ; 
Michael and Carlson, J. Org. Chem. 1939, 4, 
169; 1940, 5, 1). They are apparently pro- 
duced by the spontaneous decomposition of the 
primary addition products (XII) and (XIII), 

[NO-CRR'-CHR"-NOg ]2 

XII. 

N02-CRR'-CHR"N02 

XIII. 

since it is kno-wn that many compounds of this 
type yield nitro-olefins -with extreme ease 
(Gabriel, Ber. 1885, 18, 2438 ; Wieland and 
Bloch, Annalen, 1905, 340, 63 ; Wieland, ibid. 
1903, 328, 187). It appears probable that the 
formation of 2-nitro-2-butene by the decom- 
position of the silver salt of nitroethane (AngeU 
and Alessandri, Chem. Zentr. 1910, II, 731) 
proceeds through the intermediate formation of 
2;3-dinitro-n-butane, since this is also isolated : 

2CH3CH:N02Ag^N0gCHMeCHMeN02 
^ CHs-CH.CMe-NOj 

In most cases, however, these addition products 
are more stable, but can usually be converted 
into nitro-olefins by the action of caustic alkali 
(Wieland, he.). 

A number of dinitro-olefins have been ob- 
tained by treatment of l:3-dienes -with nitrogen 
peroxide. Thus, l:4-diphenylbutadiene gives 
l;4-diDitro-l;4-diphenyl-2-butene (Wieland and 
Stenzl, ibid. 1908, 360, 299; Ber. 1907, 40, 
4828) while 2:3-diphenylbutadiene gives both 
l:4-diDitro-2:3-diphenyl-2-butene and l;2-di- 
nitro-2:3-diphenyl-3-butene (Allen, EUot, and 
BeU, Canad. J. Res. 1939, 173, 76). Butadiene 
itself yields l:4-dinitro-2-butene (I.C.I. B.P. 
632686). Dibenzalacetone gives a l:2-dinitro- 
compound. Here again, treatment with caustic 
alkali may remove nitrous acid; thus, 1:4- 
dinitro-l:4-diphenyl-2-butene gives l-nitro-l:4- 
diphenylbutadiene (Wieland and Stenzl, he.). 

Acetylene derivatives such as phenylacetylene 
and tolane with nitrogen peroxide yield 1:2- 
drnitrO'Olefins, viz., 

NOg'CPhcCH-NOg, NOj-CPhrCPh-NOg 

(Wieland, Annalen, 1921, 424, 71 ; Schmidt, Ber. 
1901, 34, 619), and nitryl chloride reacts ■with 
phenylacetylene to give ^-chloro-a-nitrostyrene 
(Steinkopf and Kuhnel, ibid. 1942, 75 [B], 1323. 

(6) From Nitro-alcohols. — ^Nitro-alcohols de- 
rived from aromatic aldehydes and primary 
aliphatic nitro-compounds are normally de- 
hydrated ■with extreme ease to give an tm- 
saturated nitro-compound, but those derived 
from aliphatic aldehydes are usually much more 
stable and need a powerful dehydrating agent 
such as thionyl chloride, phosphorus pentoxide, 
potassium bisulphate, acetic anhydride or zinc 
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chloride. In the latter case the yields of nitro- 
nlnfin are often poor owing to the formation of 
polymeric by-products. Excellent yields can be 
obtained very easily, however, by the abstrac- 
tion of organic acid fiom the esters of the nitro- 
alcohols by heating with a trace of a weakly basic 
substance such as potassium carbonate or sodium 
acetate (Gen. Aniline and Film Corp., U.S.P. 
2257980,; Hass, and Eiley, l.c . ; c/. Schmidt and 
Eutz, Ber. 1928, 31 [B], 2142) : c.g., 

CH8-CH(0Ac)-CH2-N02 

CHa-CHrCH-NOj + HOAc 

Some inorganic esters of nitro-alcohols have also 
been converted into /l“-nitro-olefins by heating 
alone or with phosphorus pontoxido (Wilkon- 
dorf and Trend, ibid, 1924, 57 [B], 300 ; Wio- 
land and Sakellarios, ibid. 1920, 53 [B], 201). 
In a similar manner, many l;2-dibromonitro- 
compounds of typo (XR^ give l-bromo-l-nitro- 
olefins on treatment with mild alkalis (Thiele 
and Haeckel, Annalen, 1902, 325, 1 ; Worrall 
and Tatilbaum, J. Amer. Chem. Soc. 1942, 64, 
1739). Bromonitro-olefins of this tj'po aro 

Ar-CHBr-CHBr-NOj -s- 

XrV, Ar-CH:CBr-N02 + HBr 

useful starting materials for the sjuithesis of 
a-nitroketones, the acetals of which they give 
on heating with alcoholic potassium hj'droxido: 

Ph-CH:CBr-N02 ->• 

Ph-CH<(6cH3)CHBr-N02 -»■ 

Ph-C(0CH3)2-CH2-N02 

Physical Properties. 

The 2l“-nitro- olefins aro almost colourless when 
pure and their boiling-points are of the same 
order as the corresponding saturated compoimds. 
Many of the lower members arc strongly 
lachrymatory and polymerise readily. Polymeri- 
sation is catalysed by water and alkah's and in 
some cases occurs vuth almost explosive 
violence, klany substituted nitro-olcfins {c.g,, 
)3-nitrostyreno) also polymerise readily under 
the influence of a base. The structure of the 
polymers is unknown. Catalytic hydrogenation 
of a polymer from 2-nitropropone has given a 
water soluble polymer containing primaiy' 
amino groups (Blomquist, Tapp, and Johnson, 
ibid. 1946, 67, 1619). 

Reactions. 

(a) Reduclion . — ^No general method for the 
reduction of -d“-nitro-olefins to the corresponding 
saturated compoimds has yet been reported, 
although the quantitative conversion of l-nitro- 
octene to 1-nitro-octano by hydrogen and a 
platinum catalyst is described by Do Mauny 
(Bull. Soc. chim. 1940, [v], 7, 133). Hydro- 
genation of ^-aryl-zl “-nitro-olefins in the presence 
of platinum gives dimolecular products, to- 
gether with small amounts of oximes (Sonn and 
Schellenberg, Ber. 1917, 50, 1613; Kohler and 
Drake, J. Amer. Chem. Soc. 1923, 45, 1281; 
Banus and Vila, Chem. Zentr. 1923, III, 1074) ; 
Ph-CHiCH-NOj 

[CHPh-CH2-N02]2 -k PhCH2-CH:NOH 


^“-Nitro-oloflns aro not easily reduced to the 
eorresponding saturated amines in good yield 
(c/. Hass, Ind. Eng. Chem. 1943, 35, 1151). 
Several successful processes depend upon the 
initial preparation of the oxime [see infra) 
followed by its reduction, but the yield in the 
second stage may bo poor. Electrolytic reduc- 
tion of compoimds such ns j3-nitrostyrcno and 
j8-2-fuiy’lnitroethyleno gives good yields ^ in 
many cases and is to bo preferred to chemical 
methods (Tnkamoto, J. Phami. Soc. Japan, 
1928, 48, 22; Chem. Zentr. 1928, I, 2399; 
Slotta and Haborland, Angew. Chem. 1933,^, 
766 ; Slotta and Szyszka, J. pr. Chem. 1933, [ii], 
137, 339). Catalytic reduction in a mixture of 
acetic and concentrated sulphuric acids has 
given good yields of amines from jS-nitrostjTcnc 
(or a-nitrostilbono) and its dorivalivcs (Kindlcr 
cl al, Annalen, 1934, 511, 209; Arch. Phnrm. 
1935, 273, 478 : ef. Schalcs, Ber. 1935, 68 [B], 
1679). 

A“-Nitro-olefinB are reduced to saturated 
oximes by zinc dust and dilute acetic acid, 
aluminium amalgam, and, in some cases, by 
iron and water (Bouvcault and Wahl, Bull. 
Soc. cliim. 1903, [iii], 29, 043 ; Nightingale and 
Janes, J. Amer. Chem. Soc. 1044, 66, 352; 
Eosenmund, Bor. 1909, 42, 4780; 1910, 43, 
3412; Wieland, Annalen, 1921, 424, 71; 
Purdue Eos. Foundation, U.S.P. 2233823) : 

R CH:CH-NOjiil*^R-CHj-CH:NOH HjO 

Eeduction of nitro-olofins such ns ^-nitro- 
stjTcno and a-nitrostilbcno with hydrogen and 
pnllndiscd charcoal in pyridine also gives oximes 
in excellent yield (Eoichert and Koch, Arch. 
Phnrm. 1935, 278, 206; Eoichert, G.P. 029313; 
idem, Arch. Phnrm. 1930, 274, 505). 

[b) Hydration. — Z“-Nitro-oloGn8 undergo hy- 
drolytic fission at the double bond under the 
action of dilute sulphuric acid, hydrochloric acid, 
caustic allwalis, aqueous ammonia, barium 
hydroxide, and, in some ca.scs, even with water 
alone. Fission is preceded bj* hydration at the 
double bond and if cold dilute sulphuric acid is 
emplo3'cd, the intermediate nitro-alcohol can 
bo isolated, c.g., 

CR„;CH-NOj -f H„0 

HO-CRo-CHj-No'j R„CO -f CHj NOj 

(c) Addition of Hydrogen Halides . — ^The avail- 
able evidence suggests that these add to nitro- 
olofins normally*, but the expected products have 
not so far been isolated. Thus action of fuming 
hydrochloric acid on nitrostjTcno gives phenjd- 
chloroacetic acid, formed, prcsuniablj' bj' 
hydrolj^sis of the addition product (Priobs, 
Annalen, 1884, 225, 319) : 

CHPhiCH-NOa [Cl-CHPh-CHj-NO,] 

ClCHP'lvCO.H 

The addition product of hj'drogon chloride and 
nitrotrimothylothyleno has boon condensed 
irithout isolation with sodium thiophonato to 
give the expected plionjd nitroninjd sulphide 
(Michael and Carlson, J. Org. Chem. 1939, 4, 
169). )3-2-Furylnitroothjdono gives e-nitro-y- 
keto-n-hexoio acid by fission of the furan nucleus 
(Thiele and Landers, Annalen, 1909, 889, 300). 
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(d) Addition of Halogens. — ^The simple nitre 
olefins readily add chlorine or bromine in the 
cold to give stable dihalogeno derivatives 
(Haitinger, ibid. 1878, 193, 386 ; Priebs, l.c. ; 
Schmidt and Rntz, l.c. ; Hass and RUey, l.c.) 
Negatively substituted ,d“-nitro-olefin3 react less 
readily, and in some cases addition may be 
prevented entirely. 

(e) Addition of Ammonia and Organic Bases.- 
Many /I“-nitro-olefins react with ammonia, and 
both aliphatic and aromatic piimaiy and 
secondary amines, with the formation of ajS- 
aminonitro-compounds (Wieland and Sakellarios, 
Ber. 1919, 52 [B], 900 ; Kodak, U.S.P. 2206885 ; 
B.P. 639070 ; U.S.P. 2253082). In most cases, 
the reaction is facile and proceeds in the cold. 
When aromatic amines are used, the products 
are usually fairly stable, but unstable compounds 
often result with ammonia and aliphatic amines. 
(8-Nitrostyrene (but not aU of its nuclear sub 
stitution products) reacts with ammonia and 
2)-phenylenediamine to give the dinitro-com- 
pounds (XV) and (XVI) respectively (Worrall, 
J. Amer. Chem. Soc. 1927, 49, 1698). Phenyl- 

NH(CHPhCHj-N02)2 

XV. 

33-C8H4(NH-CHPh-CHj-N02)2 

XVI. 

hydrazine, hydroxylamine, and semicarbazide 
have been similarly condensed with )3-nitro- 
styrene (Posner, Aimalen, 1912, 389, 114; 
Worrall, he.). Polymerisation of the nitro- 
olefin may also occur under the influence of the 
amine and is sometimes the main reaction. 
Decomposition of the products is favoured by 
the presence of halogens a- to the nitro-group, 
thus, 1-nitro-l-bromo-l-butene and l-nitro-l- 
bromopentene are converted into 1-nitro-l- 
butyne and l-nitro-l-pentyne, respectively, by 
heating with methylamine (Loevenich, Koch, 
and Pucknat, Ber. 1930, 63 [B], 636). 

(/) Addition of Grignard Beagents. — A°-- 
Nitro -olefins react with Grignard reagents to 
form salts of saturated nitro-compounds from 
which the free nitro-compoimds are liberated 
by treatment with acid, e.g., phenyl magnesium 
bromide and a-nitrostilbene yield l-nitro-l:2:2- 
triphenylethane (Kohler and Stone, J. Amer. 
Chem. Soc. 1930, 52, 761; cf. I.C.I., B.P. 
571804). 

PhCHiCPh-NOj + Ph-MgBr -> 

PhjCH-CPhrNOj-MgBr 

I 

Ph2CH-CHPh-N02 

ig) Addition of Bisulphites and Sulphites . — 
Many zJ“-nitro-olefinB add sodium sulphite and 
bisulphite to form the di- and mono-so^um salts 
of ^-nitroalkanesulphonic acids respectively : 

CRR':CR"-N02 + Na2S03 

RR'C(S03Na)-CR":N0aNa 

CRR':CR"-N02 + NaHSOs 

CRR'(S03Na)-CHR"-N02 


These can be reduced to amines by catalytic 
means (I.C.I., B.P. 571157). 

(A) Addition of Other Beagents. — In their re- 
actions with a large number of compounds con- 
taining reactive hydrogen, the behaviour of /!“- 
nitro-olefins is similar to that of ajS-unsaturated 
ketones, nitriles, or esters. Addition takes 
place across the double bond in the direction 
shown below : 

CRR':CR"-N02 + XH -> 

X-CRR'-CHR"-N02 

With alcohols in the presence of an alkaline 
catalyst, ethers of type (XVII) are produced 
(Commercial Solvents Corp., U.S.P. 2393827). 


CRR'(0R'")CHR' 

xvn. 


•NO, 


A number of primary and sec-nitroparafiina 
and their derivatives react with “--nitro-olefins 
to give l:3-dinitropropane derivatives, e.g., under 
the infiuence of a strong base a-nitrostilbene and 
phenyhutromethane give l;3-dinitro-s-triphenyl- 
propane which on further treatment with strong 
alkali gives triphenylisooxazole 

Ph-CH:CPh-N02 + Ph-CHg-NOa 

OaN-CHPh-CHPh-CHPh-NOg 

/CPh-O 

oi, I 

\cPh;N 

Malonic ester adds to ^-nitrostyrene and a- 
nitrostilbene to give the compounds 

02N-CH2-CHPh-CH(C02Et)2 and 
02NCHPh-CHPh-CH(C02Et)2, 

and j8-nitrostyrene with excess potassium cyanide 
followed by acidification gives two stereoisomerio 
1 :4-dinitro -2 - cyano -2 :3 -diphenylbutanes (XVIH) 
(Hollemann, Bee. trav. chim. 1904, 23, 283) ; 
presumably the mechanism of this reaction is : 

Ph-CH-.CH-NOg + HCN 

Ph-CH(CN)CH2-N02 
Ph-CH(CN)-CH2-N02-f Ph-CH:CH-N02 -> 
N02-CH2-CHPh-CPh(CN)CH2N02 
■ " XVIII. 

Acetone has been condensed with l-nitro-2- 
methylpropene to give 5-nitro-4:4-dimethyl- 
pentanone (Hass and Riley, l.c.). 

Diazoacetic ester combines additively with )3- 
nitrostyrene under the influence of heat to form 
ethyl 4-phenyl-3-pyrazole-carboxylate (Kohler 
and Steele, J. Amer. Chem. Soc. 1919, 41, 1104) : 

Ph-CH-.CH-NOg -1- Na-CHg-COgEt 
^C(C02Et):N 
CHPh I ^ 

'\CH(NOa)-NH 
^C(C02Et):N 


CPh 

Vh- 


-1- HNO2 


-NH 
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(i) A -Nitro-olejins in the DieU- Alder Synthesis. 
— ^Nitroethylene, l-nitropropylene, and 1-nitro 
pentene add eyeZopentadiene smoothly at 100- 
110° to give cyclic products of type (XIX) in 
excellent yield (Alder, Eickert, and Windemuth 
Ber. 1938, 71 [B], 2461). 


CH 


HC 

II 

HC 


CHR 


CH„ 


CH-NOj 


XIX. 

Similar adducts are obtained ■udth butadieno 
and 2:3-dimethylbutadiene, also from j3-nitro 



phenyl-6:G-dimetb3disoben7.ofuran, and l:l'-bi 
eyeZohexene (Allen el al., J. Amer. Cbem. Soc, 
1939, 61, 521 ; J. Org. Cbem. 1943, 8, 373). 

IV. Uses of Aeiphatio Niteo-Compounds. 

The normal development of the nitroparafTins 
has been hindered by the war, and it is not cas}’' 
at present to say what their final applications 
are likely to be. According to tbo Commercial 
Solvents Corporation and their associates of tbo 
Purdue Institute, they are solvents for nitro- 
cellulose, organic esters of cellulose, “ Vinylite ” 
and other resins, and many oils, fats, and waxes. 
They are being used commercially as solvents 
for “ Hycar OR” an oil-resistant sj-nthctic 
rubber ; “ Buna N ” and “ Chemigum ” aro 
soluble in l-nitropropane. In this respect, their 
value is said to lie not only in their high solvent 
power (which permits considerable dilution bj’ 
cheaper materials such as alcohol and hj'dro- 
carbons) but also in their mild odour, low- 
toxicity, medium rate of evaporation, and com- 
paratively low inflammability. Their use as 
selective solvents in the refining of petroleum 
has also been described (Shell Development Co., 
U.S.P. 2023376 ; 2019772; see p. 4906). 

The nitro -alcohols and their esters are also 
excellent solvents for ceUuloso esters. 2-Nitro- 
2-methyl-l -propanol is an effective heat sonsi- 
tiser for synthetic and natural rubber latices and 
for similar dispersions of some of the important 
substitutes for rubber, and nitroothanc, 1- 
chloro-l-nitropropane, and 2-nitro-2-methyl-l- 
propanol confer stability on accelerated rubber 
cements. The potential value of the trinitrate 
of trimethylol nitromothane as an explosive has 
already been mentioned (see p. 4916). 

The amino-alcohols, formed by reduction of 
the nitro-alcohols, are of interest both as such, 
and as their fatty-acid salts, as dispersing, 
emulsifying, and cleansing agents. This is a 
field in which the lowest stable homologues, the 
ethanolamines (made from ethylene oxide or 
chlorohydrin) have already found considerable 
application. 

Chloropicrin, which can now be made from 
nitromethane instead of wastefuUy from picric 
acid, is employed as a fumigant and soil steri- 
lising agent. l:l-Dichloronitroethane (“ Ethide”) 
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is also used for this purpose and is said to bo 
equally as effective as chloropicrin but pleasanter 
to handle. 1-Chloro-l-nitropropano will dissolve 
many of the now synthetic rubbers, including 
“ Buna A^” “ Chemigum," and certain neo- 
prenes. Apart from the use as such of the nitro- 
parafiins and their simpler derivatives, it is 
likety that their future industrial importance 
will ho in their value in sjuithesis, e.g., in the 
preparation of intermediates for the dj’cstuffs, 
pharmaceuticals, and allied industries. Tlius, 
)S-nitroalkylnminc3, prepared by the addition of 
ammonia to J“-nitro-olefins, have been employed 
ns intermediates in the preparation of anthra- 
quinono dj’cs for acetate raj-on (Kodak, U.S.P. 
2253082). The use of other ^-nitroalkylamines 
derived from aromatic amines and j“-nitro- 
olefins ns coupling components in the prepara- 
tion of azo dyes for cellulose derivatives, silk and 
wool, and for photographic purposes has also 
been described (Kodak, U.S.P. 2200SS5; B.P. 
539070); the use of trimelhylo!nitromethnne in 
pliouigraphj' is covered by Du Pont (B.P. 
600253). 

Hj-^droxylamino salts prepared bj- hj'drolj-sis 
of 1-nitropropanc arc now on sale in U.S.A., as 
arc also the nitroparaffins from nitromothane to 
nitrobutano and a number of tlicir derivatives 
such ns nitro- and amino-alcohols, chloronitro- 
paraflins, and aliphatic amines and acids. 

A. L. and H. A. P. 
NITROGEN. Sym. N. At. no. 7. Al. 
wt. 14-OOS. Stable isotopes ^’N and >^N. 

" Dcr Sllck.stofr ist (ins I’.lcmcnt der Zukunft " 
(Brilhl, Z. pliy.slknl. Clicm. 3SD5, 10, 193). 

Contents. 

Elcmcntarj- nItroRcii. Kitridcs. Active nitrogen 
(pp. -197(1-5116). 

llnlkics or nitrogen ; Iliiorlde ; monocldoroamlne, dl- 
ciiloroanilnc, nitrogen triclilorldo f monobromo- 
ninlnc, dibromo.ainlne, nitrogen tribroinide ; 
nitrogen Iodides (pp. 5116-513C). 

Nitrogen stdplddcs, frilfdoazyl compounds, nitrogen 
Bclenldc (pp. 5l3c-51-ld). 

O.xidcs and oxyncids of nitrogen : nitrons oxide, 
nitric oxide, dinltrogcn trloxide (nitrous an- 
hydride), nitrogen dioxide and dlnltrogen tetroxido 
(nitrogen i)croxldc), nitrogen pentoxido (idtrlc 
aniiydrlde), idtrogcn licxoxide or trloxide, nitrous 
acid (pp. 514d-53lB). 

Kalidcs or nitrous acid, nitrosyl nuorldc, nitrosvl 
bromide, nitrosyl trlbromlde, nitrosyl percldorate, 
nitrosyl flnoboratc, nitrosyl hvdrogen sidplmtc 
(nltroBosuIplmrlc acid, or cliand)cr er\-8tals), 
nitrosyl dlsulpliatc (dinitrososulplmrlc anbvdrldo) 
(pp. 531a-532(i). 

n.vponltrous acid, nttramide, livponltrlo add 
(nitroiiydroxylnmlc add), liydronltroiis add 
(pp. 582(1-53 Ic). 

Nitric add, halides or nitric add,' nltryl lluorlde, 
pcmitrj'I fluoride (iliiorlno nitrate), nitrvl ddorldo. 
pcrnltrous add (pp. 634c-541c). 

Arnmiractiiro or nitric acid by tlie retort process 
(pp. 5‘llc-548rZ). 

NITROGEN. 

IDstory. 

J. B. van Holmont (d. 1044) in his posthumous 
Ortus modicinm ” (1048) describes the ex- 
tinction of n candle in n confined volume of nir 
over water and the smaller volume of tho re- 
maining “ gas ” (J. R. Partington, Annals of 
Science, 1930, 1, 359). A similar experiment 
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was made by J. Mayow (“ Tractatns quinque 
medico-pbysici,” Sheldonian Theatre, Oxford, 
1674), who also noticed the contraction of a con- 
fined volume of air caused by the respiration of a 
mouse. C. W. Scheele in 1770-73 first prepared 
pure atmospheric nitrogen {foul air) by absorb- 
ing the oxygen {fire air) from air, and recognised 
that it is mixed in the atmosphere with oxygen, 
which he was probably the &st to prepare in a 
pure state. Daniel Rutherford, Professor of 
Botany in the University of Edinburgh, found 
in 1772 that when a small animal is allowed to 
breathe in a confined volume of air and the car- 
bon dioxide {mephitic air) produced is removed 
by absorption in alkali, another mephitic gas 
remains which is incapable of suppoid,ing 
respiration. Nitrogen was also obtained by 
Priestley in 1772 and called by him pMogisti- 
cated air, a name which was for long in use. 
Lavoisier established the individuality of the 
gas and its existence in the atmosphere ; from 
its incapacity to support life he called it azote 
(a name still used in Prance and symbolised 
Az, and translated as Stichsloff in the German 
name) ; the name nitrogen was given to it by 
Chaptal in 1790 to denote that it is an essential 
constituent of nitre (J. R. Partington, “ A 
Short History of Chemistry,” Macmillan, 1939). 

OCOUEEEKCE. 

Nitrogen is widely diffused but forms less 
than 1% of the combined composition of the 
air, sea, and earth’s crust. Free nitrogen occurs j 
in the atmosphere, of which it constitutes four- 
fifths, or more accurately 78'06%, by volume 
(Leduc, Compt. rend. 1896, 123, 805). Volcanic 
gases may contain considerable quantities of 
nitrogen, which is also present in mine gases, 
the gases from springs, and gases occluded in 
minerals and rocks ; it is present in the free 
state in the air bladders of fish (in which it was 
discovered by Eourcroy), the bone-cavities of 
many birds, and cavities in plants. It occurs in 
many meteorites, in nebulae, and in the atmo- 
sphere of the sun. Combined nitrogen occurs in 
the atmosphere as ammonia and nitrous and 
nitric acids and their salts, and hence these 
compounds occur in rain-water (R. Angus 
Smith, “ Air and Rain,” Longmans, 1872). 
Oxides of nitrogen are present in the atmosphere 
in quantities which vary largely from time to 
time; the amounts are usually rather greater 
at high altitudes (over 4,000 ft.) than at low 
altitudes and in summer than in winter, and 
hence the oxides are probably formed by the 
action of ultra-violet fight (Hayhurst and Pring, 
J.G.S., 1910, 97, 868; Rao and Dhar, Z. anoig. 
Chem. 1931, 199, 422). Vorlander and Gohdes 
(Ber. 1931, M [B], 1776) found oxides of nitrogen 
equivalent to 22xl0-« g. of NgOg per cu.m, of 
moist November air at Halle, and 10-100 times 
this amount after exposure to ultra-violet 
light. 

Combined nitrogen is an essential component 
of protems and other constituents of animal 
and vegetable organisms, and is found in many 
minerals, but chiefly in saltpetre or potassium 
nitrate and Chile saltpetre or sodium nitrate. 
(On the nitrogen cycle, see Niteogen, Atmo- 
SEHEBIC, Utilisatiok OF, this Vol., p. 544a). 


PeEFAEATIOK op NriEOGEIt. 

Except in small-scale laboratory preparations 
nitrogen is extracted from atmospheric air! 
This may be done either by chemical methods 
in which the oxygen is removed (o) by some 
chemical change in which it is absorbed (in 
which case the argon and other inert gases 
remain in the nitrogen), or (6) by physical 
methods, especially the fractional distillation of 
liquid air (in which case the argon may be 
largely removed on account of its higher boiling- 
point). In large-scale working the physical 
method is almost exclusively used. 

The volume percentage composition of dry 
London air (Paneth, Nature, 1937, 139, 181) is : 


Ni . . 7 S- 0 S'\ 

; ; "o-ls [99-99 

C 02 . . 0 03 J 

Ne . . 1-8x10-3 

He . . 5-0 XlO-^ 


Kr . . . . 1-0x10-^ 

Xe . . . . 1-0x10-5 

O 3 ... . <1x10-5 

Rn (average neat 

ground) . . 6x10-58 

H 2 doubtful but -<10-8 


The constancy of the percentages of carbon 
dioxide and oxygen in uncontaminated atmo- 
spheric air was established by Benedict in 1912. 
T. M. Carpenter has described (J. Amer. Chem. 
Soc. 1937, 59, 358) several hundred analyses of 
air made in the period 1930-36 in New Hamp- 
shire, Baltimore, and Boston. The grand 
average of all three series gave 0-031% for carbon 
dioxide and 20-939% for oxygen. There was 
no evidence that variations in season or the 
proximity of large consumers of fuel caused any 
measurable diff-erences in the carbon dioxide 
and oxygen contents. 


(a) Nitrogen from the Atmosphere by 
Chemical Methods. 

There are several old patents specifying the 
removal of oxygen from air by passing it over 
heated metab such as iron (Spencer, B.P. 3752, 
1869) or copper (Welton, B.P. 2559, 1879; 
Erank and I^cke, B.P. 10718, 1912; Cyanid- 
Ges., G.P. 218671, 1908) or molten lead (Nitrogen 
Co., New York, B.P. 17666, 1911). The use of 
sulphur (Blagbum, B.P. 25535, 1908) or phos- 
phorus (Haddan, B.P. 24293, 1895) is ^emfied. 
A satisfactory method is to pass a mixture of 
air and ammonia gas over heated iron or partly 
oxidised copper turnings, when the hydrogen 
of the ammonia bums out the atmospheric 
oxygen (Carius, Annalen, 1855, 94, 136 ; Lupton, 
Chem. News, 1876, 33, 90 ; Hutton and Petavel, 
J.S.C.I., 1904, 23, 87; Marston, B.P. 19074, 
1900; Earbenw. vorm. Meister Lucius und 
Bruning, B.P. 3662, 1913 ; 28737, 1913 ; 9974, 
1914). The atmospheric oxygen may also be 
removed by hydrogen (Hulett, J. Amer. Chem. 
Soc. 1905, 27, 1415) or other combustible gas 
(Bucher, J. Ind. Eng. Chem. 1917, 9, 233), the 
mixture being passed over heated copper (which 
may afterward be reduced by hydrogen or 
coke-oven gas) or a catalyst such as silicon 
carbide, and the combustion products may be 
liquefied, leaving nitrogen (Metzger, assr. to 
Air Reduction Co., U.S.P. 1588258, 1926). 

The atmospheric oxygen may also be removed 
by a cold absorption method, e.g., by alkaline 
pyrogaUol solution (Liebig, AnnMen, 1851, 77, 
107) or moist barium sulphide (Alder, B.P. 
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1004, 1880) or iron filings moistened vrith ferrous 
sulphate solution (Wise, B.P. 4359, 1877) or 
manganous or ferrous hydroxides (Flight, 
Chem. News, 1882, 45, 105). A vary convenient 
process, which may he made continuous, is to 
pass air over clean copper turnings kept wetted 
with aqueous ammonia (Berthelot, Bull. Soc. 
chim. 1870, [ii], 14, 314; 1889, [iii], 2, 643). 
An apparatus (see Pig. 1) comprises a reservoir A 



containing a nuxture of equal volumes of a 
saturated solution of commercial ammonium 
carhonate and ammonia of p 0-93. The 
liquid flows firom a at a rate controlled by the 
screw-clamp n, and encounters a eurrent of air 
at the branch o, which should slope as shown. 
The fall-tube from a must be long enough to 
give a, pressure at o such that the volume of 
solution carried up is at least equal to that of the 
accompanying air. The air-liquid mixture is 
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discharged over the glass boll in the top of n 
and descends through the copper clippings in B. 
The air, now freed from oxygon, is &ced from 
ammonia vdth dilute sulphuric acid (Van 
Brunt, J. Amor. Chem. Soc. 1914, 36, 1448; 
J.S.G.I. 1914, 83, 788). A modified form of 
apparatus uses a solution of ammonia saturated 
with ammonium clilorido (Badger, J. Ind. Eng. 
Chem. 1919, 11, 1052 ; Analj-st, 1920, 45, 32). 

The oxygen may also bo absorbed in a solution 
of ammonium sulpliito with a cobaltamrainc 
catalyst (Vorlandcr and Lainau, J. pr. Chem. 
1929, [ii], 123, 351). 

In most of these cases, after removal of carbon 
dioxide and water vapour, the gas obtained is 
at best 99% pure, ns inert gases are still present. 

The use of heated carbon for removal of 
oxj'gcn, which amounts to tho separation of 
nitrogen from oxides of carbon in tho gas from 
furnaces or gas producers, has often been pro- 
posed (Frank and Caro, G.P. 204SS2, 1907; 
B.P. 16963, 1908; Riedel, B.P. 20631, 1909; 
Braun, B.P. 22.531, 1911; Hargcr, B.P. 16855, 
1912; McCourt and Ellis, B.P. 25G29, 1912 
Drenpor, B.P. 12927, 1913; Brownlee and 
Uhlingcr, B.P. 5097, 1915; Ivitzingcr, Chem. 
Trade J. 1918, 62, 88). It is from a modification 
of this process that nitrogen is largely prepart'd 
for ammonia 85Tithcsis. Tho oxj'gon may nf'-'o be 
absorbed by passing air over heated cnicium 
plumbate, alkali manganato, etc. (Kaszncr, G.P. 
2,33383 and 234849, 1910). 

(6) Nitrogen from the Atmosphere by 
Physical Methods. 

Since atmospheric nitrogen and oxj-gen nro 
mixed in tho uncombined state it is, theo- 
retically*, possible to separate them by ^ihysical 
processes with a relatively small oxpendituro of 
energy (J. R. Partington, “ Chemical Thermo- 
dynamics,” Constable, 1940, p. 50). Many 
such processes have been proposed, depending, 
for example, on : (i) tho greater rate of passage 
of oxygen ns compared with nitrogen through 
rmtuilcaniscd rubber (Graham, Phil. Trans. ISGG, 
156, 399 ; “ Chemical and Physical Researches,” 
Edinburgh, 1876, p. 235) ; (ii) tho greater rate 
of diffusion (" atmolysis ”) of nitrogen through 
porous bodies than of oxygon (idem, ibid., 
1863,153,385; op. ci/., p. 224) ; (iii) the centri- 
fugal separation of tho gases, depending on their 
dilfcront densities (Mnzza, 1901, quoted by E. 
Molinnri, “ Treatise on Inorganic Chemistry,” 
Churchill, 1920, p. 198; B.P. 423003, 1933; 
Rabu, LTndustrio Chim. 1935, 22, 896) ; (iv) tho 
greater solubility of o.xygen in water ns compared 
with nitrogen (Mallot, B.P. 2137, 1869 ; Ildlouiso, 
Bor. 1882, 15, 1221); (v) tho fractional distil- 
lation of liquid air, tho nitrogen, which has a 
lower boiling-point (-195-7®) tending to pass 
off before tho oxygon, of boiling-point — 182'9° 
(c/. Erdmann, ibid. 1906, 89, 1207 ; Stock and 
Nielson, ibid. 3393 ; Baly, Phil. Mag. 1900, [v], 
49, 517 ; Inglis, J.C.S. 1906, 89, 88G ; Phil. 
Mag. 1906, [vi], 11, 640; Dodge and Dunbar, 
J. Amor. Chom. Soc. 1927, 49, 591). Of theso 
methods, only tho last is used, and it now 
furnishes practically all tho o.xygen and a largo 
proportion of tho nitrogen used in industry. 
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The separation of liquid air was first patented 
by Parkinson (B.P. 4411, 1892) ; in 1895 
William Hampson took out a patent (B.P. 
10165, May 23, 1895) a few weeks before 
Linde’s (G.P. 88824, June 5, 1895). Hampson’s 
provisional specification is somewhat ambiguous, 
and f ull details of Linde’s apparatus were made 
known before the completion of Hampson’s 
patent. The bases of Linde’s process are 
clearly given in his patent specification (repro- 
duced in Z. physikal. Chem. 1896, 20, 638) as : 

(i) cooling the air to be condensed by causing it 
to flow in the contrary direction [through a heat 
interchanger] to the evaporating products ; 

(ii) causing the gaseous air to transmit its latent 
heat to the evaporating liquid ; and (iii) causing 
the vapours produced in the distfiling apparatus 
to flow upwards through the liquid flowing 
downwards in a stratified manner. 

The fall in temperature necessary for the 
liquefaction of a gas, which must in any case 
cool the gas below its critical temperatme, may 
he. achieved hy hvfe eatixely diSerewt metheds, 
which must be carefully distinguished. 

1. The first of these takes energy from the 
gas as exlernal work, the gas being allowed to 
expand against a pressiue ; if the expansion 
occurs in such a way that heat is prevented from 
entering the gas from outside, as when the 
expansion occurs very rapidly, it is called an 
adiabatic expansion, and since in this case the 
energy of the gas is drawn upon to produce 
the external work, the gas is cooled. The fall 
in temperature in adiabatic expansion is in- 
dependent of the mass of gas used and depends 
only on the pressures before and after expansion ; 
if these are and pg, respectively, and if Tj 
and Tg S'^e the corresponding absolute tempera- 
tures, then for an ideal gas : 

{(y-l)/y}Iog(Pi/p2)=Iog(Ti/2’g) . (1) 

where y^CpjOv, the ratio of specific heats; a 
modified equation may be used with an im- 
perfect gas such as oxygen or nitrogen (J. R. 
Partington, “ Chemical Thermodynamics,” 
Constable, 1940, pp. 5, 47, 68, 218). For 
practical piuposes, however, equation (1) may 
be used for oxygen, nitrogen, or air, with 
y=l-40. 

2. The second method, discovered and in- 
vestigated experimentally by Joule and William 
Thomson (a^rwards Lord Kelvin) in 1852- 
62 (Piul. Mag. 1852, [vi], 4, 487 ; PMl. Trans. 
1853,143,357; 1854,144,321; 1862,152,579), 
cools the gas by internal work, which is done 
by separating the molecules, during expansion, 
under the influence of attractive forces between 
them. This effect occurs only with a non- 
ideal gas, and is superposed on the effect of 
external work if the expansion is carried out 
adiabaticaUy. This so-called Joule-Thomson 

(which vanishes for an ideal gas, between 
the molecules of which there are no forces 
acting) win cool the gas if the expansion occurs 
so that heat cannot enter it from outside. This 
is achieved by allowing gas compressed in one 
vessel to escape through a nozzle or throttle 
into another vessel (or into the atmosphere) 
where it is at lower pressure. The work 
spent in foreing a volume Uj of the gas through 


the nozzle at a pressure is practically re- 
covered in the expulsion of the volume 
against the lower pressure pj, since if the gas 
obeys Boyle’s law approximately, PiV^~pp;„, 
so that practically no external work is done by 
the gas (J. R. Partington, op. ctf., p. 58). The 
fall in temperature AT for the Joule-Thomson 
expansion of air initially at the absolute tempera- 
ture T with a pressure drop through the nozzle 
of Ap atm. is given by : 

AT==0-276{213IT)-Ap .... (2) 

Hampson and Linde made use of the Joule- 
Thomson effect in conjunction with a heat 
interchanger. Equation (2) shows that if air at 
0°o. expands through a nozzle from 100 atm. to 
1 atm. pressure, the fall in temperature is about 
26'’c. if this air at —25°c. sweeps over the out- 
side of a copper pipe carrying the compressed 
air to the nozzle, this air is cooled below 0° 
before expansion, and hence after expansion it is 
cooled below — 25°o. The cooling effect evi- 
dently aceurmilates, and the air issuing from the 
nozzle finally becomes so cold that it liquefies. 
Linde realised that, since the absolute tempera- 
ture T of the expanding air occurs in (2) in the 
reciprocal of a square, the cooling effect in- 
creases very rapidly as the temperature falls 
(see H. Alt, “ Die Kalte,” Teubner, Leipzig, 1910, 
p. 24, for a graphical treatment of equation (2)). 
The theoretical cooling effect is never attained 
in practice, on account of the rapid exchange of 
heat between the cold gas and the warmer sur- 
roundings. 

The separation of air into its components by 
liquefaction and fractional distillation was 
patented by Linde in 1902 (B.P. 14111, 1902; 
see Kausch, Z. kompr. u. verfl. Case, 1902, 5, 
171,187; 6,33). 

The following- table, compiled by Linde, shows 
that the mere quiescent evaporation of liquid 
air cannot give a gas (“ vapour ”) sufficiently 
rich in nitrogen and a liquid residue sufficiently 
rich in oxygen to make this process of any 
practical interest. Thus, to obtain a residue 
containing 50% of oxygen at least 70% of the 
liquid would have to be evaporated, and an 
increasing fraction of the oxygen is lost in the 
vapour as the evaporation proceeds. 


% of ^ 
liquid nOt 
evaporated. 

% of 
oxygen 
in liquid. 

% of 
oxygen in 
vapour. 

% Of 
original 
oxygen still 
in liquid. 

1000 

23-1 

7-5 

100-0 

500 

37-5 

15-0 

80-0 

300 

50-0 

23-0 

65-0 

200 

60-0 

34-0 

52-0 

15-0 

67-6 

42-0 

43-0 

10-0 

77-0 

52-0 

33-0 

60 

88-0 

70-0 

190 


The pioneer experiments of Baly (Phil. Mag. 
1900, [v], 49, 617; Inglis, ibid. 1906, [vi], 11, 
640) on the compositions of liquid and vapour 
in equilibrium for nitrogen-oxygen mixtures 
gave results of great service in the control of 
technical plant. They are now replaced by the 
more recent data of Dodge and Dunbar (J. Amer. 
Chem. Soc. 1927, 49, 591), whose curves for 
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various pressures (P, in atm.) are reproduced in 
Pig. 2 (see also M. Ruhemann, “ The Separation 
of Gases,” Oxford, 1940). In this the ordinates 
are absolute temperatures and the abscissse 
7 nol.-% of oxygen. The upper emrve of each 
lens-shaped pair refers to vapour and the lower 
to liquid, and the pressure in atmospheres at 
which evaporation is carried out is given for 
each pair of curves. One square represents 
2°c., and each lens has a separate temperature 
scale defeed by the temperatures shown at its 
ends ; e.g., at 1 atm. pressure the scale extends 
from at the lower end to 90-lC°K. at the 

upper end. 



Mole % of O 2 
Fra. 2. 


The counter-current heat intcrchangcr c is a 
rvide copper spiral pipe containing three narrow 
copper pipes d, one enclosed in a somewhat 
wider pipe 0 . An extension c^ of the wide pipe 
delivers to a funnel-end F at tho top of the 
rectifying column, and o^ is a funnel-end of 0 at 
tho top of the vaporising chamber n. 

Tho coil dj in B connects at one end with tho 
narrow pipes d in tho intcrchangcr and at tho 
other end with tho valve o which is operated 
outside tho apparatus by 11 and delivers to a 
pipe do connected with a rose-end near tho top 
of A. 

Tho apparatus is first charged with liquid air 
as follows ; Air at about 2,000 lb. per sq. in. 
pressure enters through d into tho throe pipes d 
of tho interchanger, passes do\vn these, and 



l^ho. 3. 


The vapour, it is seen, is always richer in 
nitrogen than the liquid ; if a composition point 
is taken on either curve, tho composition of tho 
other phase in equilibrium is found by drarving 
a horizontal through the chosen point until tho 
other curve is cut. The process used in air 
separation depends on exactly the same prin- 
ciples as an ordinary fractional distillation (sec 
Distillation, Vol. IV, 34). 

Since the apparatus used for tho separation 
of oxygen in Linde’s process is simpler than 
that required for tho production of fairly pure 
nitrogen, it will be described first. 

A sectional elevation of a single-column Linde 
separator is shorvn in Fig. 3. Tlio rectifying 
column A, provided ^vith plates, is housed in a 
circular casing of wood, whilst the vaporising or 
discing chamber b is contained in a hexagonal 
wooden casing, all clearance spaces being 
packed mtb beat insulation, e.g., sheep’s wool. 


through dj to tho valve 0 , through which it 
expands, passing through dj to tho toji of the 
column. It then passes through o^ and to 
tho interchangcr, in a reverse flow to tho in- 
coming air, and loaves through o and r. Owing 
to tho Joule— Thomson cooling, liquid air forms 
and drops down into tho vaporiser 11 . Tho level 
of this liquid isindicated by an oxlernal gauge bj. 

The separation process now begins. Tho air 
passing through tho coil in b transmits some of 
its latent heat to tho h'qm'd in B, which is thereby 
evaporated whilst tho compressed air in the 
coil is itself liquefied in proportion to tho amount 
of heat taken from it, Tho vapour from tho 
bquid boiling in B passes up tho column and 
bubbles through tho liquid descending past tho 
plates in A. A temperature gradient is cstab- 
fished in A. Tho nitrogen, with a lower boiling, 
point, boils off towards the top of tho column, 
creating tho maximum cold there, and the 
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descending liquid is enriched in oxygen. The 
ascending gas is scrubbed by the liquid, and at 
each stage some of the rising oxygen is condensed 
and some of the nitrogen in the descending liquid 
is evaporated, so that this liquid, which is 
gradually rising in temperature, is practically 
pure oxygen when it reaches b. 

The gas passing out of the top of the column 
through F is mainly nitrogen at a temperature 
about 14° lower than that of the oxygen at the 
bottom of the column. The oxygen gas from 
B passes out of e^ to e of the interchanger. The 
cold gases escape at pressure of about 4-5 Ib. 
per sq. in. L is an emergency release valve on 
the low-pressure system and J and k are test- 
cochs communicating with the liquid air and 
liquid oxygen supplies, respectively. 

Linde used a separate fore-cooler, operating 
with carbon dioxide or ammonia, before the 
separating column, so that the entering air is 



cooled well below 0°c. andso dried, and the carbon 
dioxide of the air is also removed by slaked-lime 
purifiers before compression. Moistme and car- 
bon dioxide lead to stoppages in the apparatus, 
as they are solidified at the low temperatures. 

By discharging the liquid to the top of the 
column and allowing it to evaporate imder the 
lower pressure, it is reduced in temperature, 
and the correct temperature gradient is estab- 
lished in the column. Descending liquid comes 
in contact at each stage with gas containing 
more oxygen than corresponds with equilibrium, 
hence some oxygen is condensed and some nitro- 
gen evaporated. 

In order to obtain pure nitrogen Linde with- 
drew part of the nitrogen gas from the top of 
the column under atmospheric pressure at g 
(lig. 4), liquefied it under pressure in the coil e 
in liquid oxygen at the base of the column, and 
admitted it through the valve d to the top of 
the column. The liquid air condensed under 
pressure in the coil a was admitted through the 


valve c to that stage_ in the column where the 
liquid was of the "appropriate composition. 
In descending the column the liquid lost nitrogen 
as gas and this was finally scrubbed with the 
nearly pure liquid nitrogen at the top of the 
column, with the result that nearly pure 
nitrogen gas escaped there. As explained, 
nearly pure liquid oxygen collects in the base, 
nearly pure oxygen gas being taken off at f. 
This single-column apparatus was replaced by 
the double column, but as this incorporates a 
feature present in the simple form of Claude’s 
rectifier, this will first be considered. 

In Claude’s process (Compt. rend. 1905, 
141, 823 ; G. Cfiaude, “ Liquid Air, Oxygen, 
Nitrogen,” Churchill, 1913) two new features are 
introduced : 

(i) The air is separated by condensation into 

two liquids, one richer in oxygen and 
the other in nitrogen, these being dis- 
charged into appropriate places in the 
rectifying column; 

(ii) the air is cooled by expanding it from 

20-36 atm. pressure to 4-5 atm. pres- 
sure in an engine cylinder, the external 
work done by the engine taking energy 
from the air and so causing its tempera- 
ture to fall. 

The initial pressure used is thus much less 
than that used in Linde’s apparatus with nozzle 
expansion, and the fore-cooler is not necessary, 
smce the temperatme exchangers for the cold 
nitrogen and oxygen gases leaving the separator 
are used alternately as refifigerators and dry the 
incoming air. 

The effective temperature obtainable by ex- 
pansion in an engine is about — 140°c. since, 
owing to the rapid increase in the deviation from 
Boyle’s law, expansion at lower temperatures 
occurs with very little expenditure of work, and 
work may even be absorbed in overcoming 
mechanical friction. Since the critical point 
of air is at about — 140°c. and 39 atm. pressure, 
it is possible, by allowing the expanded air 
cooled to about —140° to cool air at 40 atm. 
pressure which has previously been cooled in an 
interchanger, to liquefy this compressed air, 
and by releasing the pressure to atmospheric 
the liquid cools itself to —190° by partial 
evaporation. By adjusting the height of liquid 
in the liquefier-temperature interchanger, which 
height controls the rate of liquefaction, the air 
enters the expansion engine at about —10° (B.P. 
27658, 1902). Lubrication of pistons at such 
temperatures is difficult, but it was found that 
specially treated leathers can be used without 
lubrication. 

In Cfiaude’s apparatus (Fig. 6) air at about 
20-35 atm., cooled by an interchanger, enters A 
already partly liquefied and passes through two 
sets of vertical pipes. The first drain into A 
and the second form a ring roimd the first and 
drain into o. Both sets are immersed in the 
bath s which, when the machine is operating, 
contains nearly pure liquid oxygen. The com- 
pressed air rises in the central group of tubes in 
s, and a liquid rich in oxygen condenses, which 
drains into a. The gaseous residue passes 
through the outer ring of tubes, is liquefied in 
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them, and the liquid rich in nitrogen falls into 
an annular tube and pot G, Tliis liquid is taken 
to the top of the column, that in a to a lower 
compartment L containing scrubbed liquid of 
the same composition. Gas rich in nitrogen 
passes from the top of the column and its cold 
is used in inter changers. The liquid condensed 
in the .inner tubes in s is scrubbed by the air 
passing on. 

The heat of condensation of the compressed 
air evaporates the liquid oxygen in s, part of th? 
vapour going up the rectifying column d in 
which it is mostly condensed, the heat of con- 
densation displacing nitrogen from the liquid. 



which flows into s. The oxygen gas from g goes 
off by G to the heat interchangcr, where its cold 
is utilised, after which it is pumped under 
pressure into steel cylinders for sale. 

Part of the compressed air is not put through 
the expansion engine but, after pre-cooling in 
an interchanger by [the very cold oxygon and 
nitrogen gases from the separator, is liquefied 
by expansion through a nozzle, and the liquid 
is fed to the bottom of the vaporiser with tho 
cold air from the expansion engine. Thus tho 
requisite quantity of liquid is maintained, and 
at the same time, by adjusting the flow through 
the nozzle, the supply of compressed air to tho 
engine can be regulated at will. This is im- 
portant, since if the temperature of the air after 
passing through the engine approaches that of 
liquid afr, the expansibility is so reduced that 
the cooling produced by the engine is of little 
value. 


Unde’s double column apparatus (G.P. 
203814, 1906 ; H. C. Greenwood, “ Industnal 
Gases,” 1920, p. 86) makes use of two rectifying 
columns (Fig- 6, in which the plates in the columns 
are omitted for clearness), separated by an appa- 
ratus for fractional condensation in tubes in an 
oxj’gen-bath, like that used by Claude. Tho lower 
column A operates under 4 atm. pressure and 
in it a liquid containing about 35-40% of o.xygen 
separates. The upper column n works under a 
lower pressure, and hence in it tho temperaturo 
is lower. Tho prc-coolcd air under pressure is 
completely liquefied in the coil a and tho liquid 
is discharged through a regulating valve b to 



tho middle of the lower column at c, from whero 
it descends over tho plates to tho base of tho 
column, where tho liquid (35-40% oxj^gon) is 
evaporated by tho latent heat of tho air liquefy- 
ing in tho coil a. Alternatively, gaseous air may 
bo admitted at h. 

Tho vapour rises through tho column A, giving 
up its oxygon to tho descending liquid and bo- 
coming enriched in nitrogen, so that at tho top 
of tho column a almost pure nitrogen con- 
denses (under pressure) in tho nest of annular 
tubes in tho liquid oxygon bath d. About half 
of this liquid rich in nitrogen drains into' A and 
scrubs oxygon from tho rising vapour ; tho other 
half collects in tho annulus a, from which it 
passes through tho valve o to tho top of tho 
upper column n. 

An approximately equal volume of liquid with 
35-40% oxygon from tho base of A is admitted 
through tho valve Ic to tho] appropriate plate at 
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about the middle of the column B. Einally, 
nearly pure liquid oxygen collects in d, and is 
evaporated by the latent heat of the nitrogen 
condensing in the tubes. About one-fifth of this 
vapour is taken ofi as nearly pure oxygen gas at 
f and the rest rises through the column b. The 
vapour from b escapes at g as practically pure 
nitrogen, the cold of the gases from f and g being 
used in exchangers. In the condenser d there 
is almost complete liquefaction ; the small 
amount of nncondensed helium and neon can 
be separately treated by taking off the gas 
(about 80% nitrogen) at the top of the con- 
denser. 

The apparatus is actually ivorked either for 
pure oxygen or prue nitrogen, the difference 
depending mainly on the position in the column 
B where liquid is admitted, this being rather 
lower for nitrogen than for oxygen, and the 
manipulation of the off-take valves for the gases, 
the purity of the gas being increased when the 
amount taken off is reduced as compared with 
the other gas. Thus, either 99-8% oxygen, or 
nitrogen with less than 0-1% of oxygen, can be 
obtained. It is difficult to obtain both gases 
pure simultaneously owing to small irregularities 
in the functioning of the column, but by careful 
regulation 99% oxygen, and nitrogen with 1% 


I of oxygen, can be obtained simultaneously. 

[ If the oxygen is to be argon-free, the nitrogen 
will contain 1-2% of argon, and if the nitrogen 
is to be argon-free the oxygen will contain 4-3% 
of argon. If argon is to be made, it is collected 
in the oxygen, and the mixture separated in 
another apparatus {v. Aegon, Vol. I, 461d). 
Patents for the simultaneous production of 
pure oxygen and nitrogen have been granted 
but are, apparently, not much used. 

The Pictet process (F.P. 295002, 1899; 
Maxted, J.S.G.I. 1917, 86, 777 ; H. C. Green- 
wood, op. ciL, p. 90) is said to operate econom- 
ically, and modifications of the Linde process 
incorporating an expansion engine have been 
introduced by Franld and by Heylandt, whose 
process produces liquid oxygen. 

There is apparently little to choose in the 
working efficiencies of the modem Linde and 
Claude plants. The low working pressure and 
rapidity in starting of the Claude plants have 
been quoted in its favour, and one estimate 
(H. C. Greenwood, op. cit., p. 77) quotes an out- 
put of 0-75 1. of liquid oxygen per kw.-hr. at 
the switchboard, as compared with 0-65 1. for 
the Linde plant. A more recent set of figures 
(nUmaim, “ Enzyklopadie der technischen 
Chemie,”'1932, Vol. IX, p. 96) is given below. 


Cu.m. 99-5% O 2 per 
hour .... 

Type .... 

10 

A 

A 

50 

B 

B 

B 

100 

F C 

H 

E 

500 

E 

C 

1,000 

F 

Energy at com- 
pressor shaft h.p.- 
hr. ; 

(a) for coolmg. 

31 

136 

93 

96 

157 

100 

110 



400 

500 

760 

(b) in working 
state . . . 

23 

104 

72 

70 

122 

108 

100 

180 

570 

450 

440 

860 

(c) do. per on. 
m. of O 2 

2-3 

2-1 

1-46 

1-4 

1-2 

1-1 

1-0 

1-8 

1-14 

0-9 

0-9 

0-86 

Cooling water, cu.m, 
per hr. . . . 

1-5 

5-5 

4 

4-5 

7-5 

6-5 

5-5 

91 

36-5 

30 

22 

55 


The types A, B, D, E, and F operate by the 
Joule-Thomson effect, A and B without pre- 
cooling and with initial pressures of 200 atm. for 
filling with liquid air and 35-80 atm. in opera- 
tion; A is a single-column, and B a double- 
column apparatus; D operates with ammonia 
pre-cooling and a workffig pressure of 35-40 
atm. ; E is a large plant in which a pressme as 
low as 20 atm. can be used. F denotes plants 
working by compressing 16-30% of the air to 
200 atm. and the rest to about 5 atm., with 
ammonia pre-cooling, and these are most suit- 
able for large-scale operation. C denotes 
Claude plants (having about the same efficiency 
as F), and H a Heylandt plant producing liquid 
oxygen with expansion (1'31 kg. of liquid oxygen 
=1 cu.m, of gas). The table also applies 
approximately to nitrogen production if the gas 
volumes are multiplied by four. For 1 cu.m, of 
nitrogen in F apparatus giving 600-2,000 cu.m, 
per hour, the energy requirement is 0-2-0-28 h.p.- 
hr. on the compressor shaft. For nitrogen, 
practically only two-column rectifiers are used 
except for small installations of less than 60 
cu.m, per hour capacity, and the two-column 
apparatus is of the two main types, (i) D or E 


with 60 atm. maximum pressure and 20-30 atm. 
working pressure, and (ii) F with high- and low- 
presstne air; type (i) for 600-2,000 cu.m, per 
hour of nitrogen and 0-28 h.p.-hr. per cu.m., 
and type (ii) for larger instaUations and 0-2- 
0-28 h.p.-hr. per cu.m. It is important in con- 
nection with nitrogen fixation industries to bear 
in mind that in making pure nitrogen an en- 
riched air with only 60-70% of oxygen may very 
economically be obtained as a by-product, and 
this can find very useful application in modem 
processes. 

(c) Nitrogen from Chemical 
Compounds. 

Nitrogen free from inert gases and (when pre- 
pared by a suitable process) in a high state of 
purity, may be obtained from its compoimds. 
Many processes for this preparation involve the 
removal of hydrogen from ammonia by an 
oxidation process : 

1. By passing chlorine into excess (otherwise 
explosive nitrogen trichloride may be formed) 
of concentrated ammonia (Fourcroy, 1789) : 

3Cl2-l-8NH3=N2-)-6NH^CI. 
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Ammonia is removed by passing the gas (which 
always contains a little oxygen: Anderson, 
Chem, News, 1862, 5, 246) through sulphuric 
acid. 

2. By the action of alkali hypochlorite, OCI , 
or bleaching powder solution on excess of 
aqueous ammonia (Marchand, 1844; Kolb, 
Ann. Chim. Phys. 1867, [iv], 12, 266) : 

30C1'+2NH3=3H„0+3CI'+N2. 

(With bleaching powder explosion may result, 
though this is unusual.) 

3. By the action of bromine water or alkali 
hypobromite solution on ammonia, the reactions 
being similar to those in (1) and (2). By using 
bromine, and drying with phosphorus pentoxido 
in an all-glass apparatus, pure nitrogen may bo 
obtained (Waran, Phil. Mag. 1921, [vi], 42, 246). 

4. Instead of oxidising the ammonia, the pure 
gas may be decomposed by passing over nickel 
powder at 1,000° in a quartz tube, the residual 
ammonia frozen out in liquid air and tho nitrogen 
separated from tho hydrogen by freezing out 
solid nitrogen by cooling with evaporating liquid 
air, tho hydrogen retained in the solid being 
removed by exhaustion (Hartcck, Bcr. 1930, 
63 [B], 427). 

6. By heating a solution of ammonium nitrite, 
or of sodium nitrite and ammonium chloride 
(Corenwinder, Ann. Chim. Phj's. 1849, [iii], 26, 
296): 

NH4N02=N2-f2H20, 

The reaction seems to involve free nitrous acid, 
since it is inhibited by ammonia (Arndt, Z. 
physikal. Chem. 1901, 39, 64 ; 1903, 45, 571). 
The gas may contain a little nitric oxide; if 
this is absorbed by ferrous sulphate solution it 
is evolved again on shaking, whilst with per- 
manganate solution oxygon is liberated in 
varying amounts. Tho best procedure (Gibbs, 
Ber. 1877, 10, 1387 ; Knorre, Chem. Ind. 1902, 
25, 531) is to warm a solution of 1 part of 
sodium nitrite, 1-2 parts of ammonium sulphate, 
and 1 part of potassium dichromato, and wash 
the gas with a solution of 6 vol. of saturated 
potassium dichromato solution and 1 vol. of 
concentrated sulphuric acid. 

6. By heating ammonium dichromate, or a 
mixture of ammonium chloride and potassium 
dichromate : 

(NH4)2Cr20,=Cr203-f4H20-f-N2. 

The reaction is violent and tho nitrogen is not 
quile pure. 

7. By heating glycerol (2 parts) and N H.NOg 
(1 part) (Mai, Ber. 1901, 34, 3806). Tho reaction 
begins at 190°, but once initiated proceeds 
at 160-170° without further heating until tho 
temperature has fallen to 160°. A few drops 
of sulphuric acid cause the reaction to proceed 
more regidarly and at a lower temperature. 
Carbon dioxide is present in small quantity. 
The yield of nitrogen is nearly theoretical, 

_8. By heating a mixture of dry ammonium 
mtrate and ammonium chloride and absorbing 
from the gas by passing through 

4NH4NO 3+2NH4CI=Cl2-i-12H20-l-6N2. 


9. By passing a mixture of (a) nitric oxide 
or (5) nitrous oxide with ammonia over heated 
copper gauze or platinised asbestos. If nitrous 
oxide is used precautions must bo taken to pre- 
vent explosions. Tho nitrogen is puriiled by 
passing through dilute sulphuric acid, over 
fused potassium hydroxide, through concen- 
trated sulphuric acid, and finally over red-hot 
copper gauze (Baxter and Hickey, Amcr. Chem. 
J. 1905, 33, 300). 

10. Tho action of zinc on fused ammonium 
nitrate. 

11. Tho thermal decomposition of sodium 
azide, NaNj, or barium azide, Ba(N3)2, in an 
evacuated apparatus. This gives very pure 
nitrogen, but there is danger of c.xplosion (Ticdc, 
Bcr. 1910, 49, 1742; Justi, Ann. Physik, 1931, 
10, 983). 

12. Heating nitrososulphuric acid with am- 
monium sulphate at 130° (Pclouzo, Ann. Chim. 
Phys. 1841, [iii], 2, 47) : 

2S0,(0H)-0-N0-t- (NH4)„S04 

=2N2-f3H2S04-{-2H20. 

Compressed nitrogen is sold in grc}’ cylinders ; 
it contains a little oxygen, which ma3’ bo re- 
moved b3’' passing tho gas 8I0WI3’ over a long 
length of clean copper turnings heated to bright 
redness, or through alkaline p3Togallol solution. 

PnYsiCAi, Pnorr-RTO^ or Nrmoar.N. 

Nitrogen is a colourless, odourlc.^s, tastole.ss, 
neutral gas, spnringl3' soluble in water and a non- 
supportcr of combustion. Tho normal tvifrncy 
of nitrogen is 3 and tho molecule N. contains a 
triple bond of three shared electron pairs N=N 
or :N:;:N: (Pauling, J. Amer. Chem. Soc. 19,32, 
54, 3570; Petrikaln, Z. physikml. Chem. 1929, B, 
3, 360). TIio maximum covaloncy of nitrogen 
is 4, tho compounds formorK' considered to 
contain 5-vnlont nitrogen (aniraoninm salts, 
diazonium salts, nitro-compounds, and nitrates, 
etc.) having citlior one clcctrovalent bond, c.g., 
[N HJ+CI", when the four valencies are arranged 
tctrahcdral!3’ (Mills and Warren, J.C.S. 1925, 
127, 2607), or else one co-ordinate bond, c.y., in 
nitric acid, 

H— O— N;f 

in resonance with 

H— O— Nf 

tho two N — O bonds being statistically identical 
(Pauling and Brockway, J. Amor. Chem. Soc. 
1937, 69, 13). Tho tetrahedral arrangement for 
3- as well n.s 4-vnlont nitrogen is confirmed by 
tho infra-red absoiqjtion spectrum of ammonia 
(Robertson and Fox, Proc. Ro3\ Soc. 1928, A, 
120, 161) and also follows from wavo-moclmnical 
calculations (Pauling, Physical Rev. 1931, [ii], 
37, 1185 ; J. Amor. Chem. Soc. 1931, 53, 1379)! 
Tho radivs of tho nitrogen atom is 0*71 \. 
(Goldschmidt, Skr. Alcad. Oslo, 1926, No, 1, 
paper 2, p. 27 ; Vegard and Borgo, ibid. 192o! 
No, 2, paper 10) ; that of tho molecule N, on 
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the assumption of an elastic sphere is ahout 
1-5 A. (Chapman, Phil. Trans. 1912, A, 211, 433). 
The moment of inertia of N 2 is 13-85 Xl0~^® 
g.-cm.2 (Rasetti, Nuovo Cim. 1929, 6, 366; 
Phj'sical Rev. 1929, [ii], 34, 367); the inter- 
nuclear distance is 1-10 A. (Vegard, Z. Physik, 

1929, 58, 497). 

Although the nitrogen molecule should exist 
in ortho- and paru-states (v. Hydeogen, Vol. VI, 
321d), these have not been detected (Harteck 
and Schmidt, Naturwiss. 1930, 18, 282, 

contradicting Justi, ibid., p. 227). The heat 
of dissociation of the molecule into normal 
atoms (Ng=2N) is 169-3 kg.-cal. per g.-mol. 
and is much smaller than was formerly supposed 
(Herzberg and Sponer, Z. physikal. Chem. 1934, 
B, 26, 1 ; Van der Ziel, Physica, 1937, 4, 373 ; 
for later arguments for a higher value, 212-3 
kg.-cal. per g.-moL, see Hagstrum and Tate, 
Physical Rev. 1941, [ii], 59, 354; Gaydon, 
Nature, 1944, 153, 407 ; Gaydon and Penney, 
Proc. Roy. Soc. 1946, A, 183, 374). The 
stable isotopes of nitrogen are of masses 14 and 
15 (Naud4, Physical Rev. 1929, [ii], 34, 1498; 

1930, [ii], 35, 130; 36, 333; Herzberg, Z. 
physikal. Chem. 1930, B, 9, 43) with the relative 
abundance ^^N:i®N=346:l (Murphy and Urey, 
Physical Rev. 1932, [ii], 41, 141). Unstable 
radioactive isotopes, and are formed 
artificially, e.g., by bombarding carbon with 
deuterons: ^6C-l-iH=^|N-f-ou (JoUot and Curie, 
Nature, 1934, 133, 202 ,- Henderson, Livingstone, 
and Lawrence, Physical Rev. 1934, [ii], 45, 428 ; 
Seaborg, Chem. Reviews, 1940, 27, 199). 

The isotope was detected by mass spectro- 
graph and optical absorption spectrum methods 
(Naud6, 1.C.). By using the exchange reaction 
between ammonium sulphate and ammonia 
gas, Urey, Fox, Huffman, and Thode (J. Amer. 
Chem. Soc. 1937, 59, 1407 ; cf. Schoenheimer, 
Rittenberg, Fox, Keston, and Ratner, ibid., 
p. 1768) have concentrated the heavier isotope. 
A solution of ammonium sulphate was pumped 
to the top of a fractionating column under low 
pressure, ammonia was liberated from the salt 
at the foot of the column by addition of caustic 
soda, and the ammonia gas stripped by a packed 
column. This ammonia was fed back to the 
base of the column and escaped at the top. As a 
result of a 13-day run nitrogen containing 2-54% 
of was obtained, an increase of concentra- 
tion of 6-5-fold. 

From a critical survey of recent measurements 
Moles (Z. anorg. Chem. 1927, 167, 46) calculated 
the normal density of nitrogen gas (wt. of 1 1, 
at S.T.P. at sea-level and latitude 45°) as 
l-25046±0-00005 g. per 1. (which is distinctly 
smaller than the best earlier values, giving 
1-2507 g. per 1. in good agreement), and with 
the compressibility coefficient A=0-000424 in 
l+A=(pt))o/{pv)i this gives from the limiting 
density the atomic weight N= 14-0082, in agree- 
ment with the chemical value (Honigschmid, 
Zintl, and Thilo, ibid. 1927, 163, 65 ; Baxter 
and Greene, J. Amer. Chem. Soc. 1931, 53, 
604). The density at S.T.P. is 0-05% greater 
than the limiting density (ideal gas) ; the 
density of atmospheric nitrogen containing inert 
gases is 0-5% higher than that of pure nitrogen 


(Rayleigh and Ramsay, Phil. Trans. 1895, 186, 
187). Densities of pure nitrogen gas at 0°o. at 
higher pressures (taking 1-2507 g. per 1. at 
S.T.P.) are (Bartlett, J. Amer. Chem. Soc. 1927, 
49, 687, 1965) : 

p atm. . . 1 60 100 200 SOO 

pg. perUtre. 1-2507 63-513 127-03 240-70 329-71 

p atm. . . 400 600 800 1,000 

pg. per litre. 397-39 491-98 555-21 604-37 

The compressibility of nitrogen (giving the 
deviations from Boyle’s law) has been deter- 
mined up to high pressures (Amagat, Ann. 
Chim. 1893, [vi], 29, 68 ; Onnes and van Urk, 
Comm. Leiden, 1924, 169d!,- Millar and Sullivan, 
Techn. Papers U.S. Bm-. Mines, 1928, No. 424 ; 
Bartlett, Cupples, and Tremeame, J. Amer. 
Chem. Soc. 1928, 50, 1275 ; Smith and Taylor, 
ibid. 1923, 45, 2107; 1926, 48, 3122; Heuse 
and Otto, Ann. Physik, 1929, 2, 1012; Keyes, 
Smith, and Joubert, J. Math. Phys. Mass. 
Inst. Tech. 1922, 1, 191 ; Kvalnes and Gaddy, 
J. Amer. Chem. Soc. 1931, 53, 395 ; Benedict, 
ibid. 1937, 59, 2224, 2233 ; Deming and Shupe, 
ibid. 1930, 52, 1382 ; Physical Rev. 1931, [ii], 
37, 638 ; 1934, [ii], 45, 109 ; Maron and Tiirn- 
bull, Ind. Eng. Chem. 1941, 33, 69, 246, 408 ; 
J. Amer. Chem. Soc. 1942, 64, 44), and com- 
pressibilities of binary and ternary mixtures of 
nitrogen, hydrogen, and methane by Kritschew- 
sky and Levchenko (Acta Physicochim. U.R.S.S. 
1941, 14, 271). The product pa, as with aU gases, 
increases at high pressures; if the value at 
S.T.P. is taken as 1, Bartlett gives the following 
values for nitrogen at 20°o. : 


60 

100 

200 

400 

1-0667 

1-0745 

1-1320 

1-3467 

500 

600 

800 

1,000 

1-4761 

1-6098 

1-8817 

2-1481 


Some values at very high pressures found by 


Bridgman (Proc. Amer. Acad. 1924, 59, 171) are, 
at 68°o. (pi;=l at 0°o. and 1 kg. per sq. cm.) : 

p kg. per sq. cm, 
pv 

4,000 

6-82 

6,000 

7-95 

8,000 

9-94 

p kg. per sq. cm. . 
pv 

10,000 

11-91 

13,000 

14-70 

15,000 

16-50 


The thermodynamic properties of oxygen- 
nitrogen mixtures are given by Efritschewsky 
and Tonotscheschnikow (Z. physikal. Chem. 
1936, 176, 338). 

The coefficient of expansion a and oi pressure 
and their dependence on temperature and 
pressure, have been measured for nitrogen gas 
over a wide range (Chappuis, etc., Trav. M4m. 
Bmr. intemat. 1902, 12; 1907, IS; Jaquerod 
and Perrot, Compt. rend. 1904, 138, 1032 ; 
Burgess, J. Chim. phys. 1913, 11, 629 ; Henning, 
Otto, and Holbom, Z. Physik, 1921, 5, 264, 285 ; 
1922, 10, 367; 1924, 23, 77; 30, 320; Ann. 
Physik, 1929, 2, 1012 ; Verschoyle, Proc. Roy. 
Soc. 1926, A, 111, 652) ; the coefficient of ex- 
pansion of the liquid is ubout 0-0065 (Erdmann, 
Ber. 1906, 39, 1207 ; Bakker, Z. physikal. Chem. 
1914, 86, 160 ; Thatte, Phil. Mag. 1929, [vii], 7, 
887). 

The coefficient of expansion increases with 
increase of pressure to a maximum and then 
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decreases ; the mean values in the range 0-100°o. 
are : 


V atm. . 
(a-l)xl05 


1 50 200 500 1,000 

368 400 433 315 200 


The inversion temperature for the Joulo- 
Thomson effect for nitrogen varies from 243° for 
169 kg. per sq. cm. to 163° for 30 kg. per sq. 
cm. for expansion to 1 atm. pressure (Olszewski, 
BuU. Acad. Polonaise, 1906, 792; Phil. Mag. 
1907, [vi], 13, 722 ; Porter, ibid,. 1910, [vi], 19, 
888 ). . 

The viscosity -q of nitrogen gas is 1-728X 10"* 
dyne-sec. per sq. cm. at 16‘l°o. and 2'461x 10~* 
at 200°; the Sutherland constant 0 is 102-7 
(Trautz and Baumann, Ann. Physilr, 1929, 2, 
133 ; cf. Markowski, ibid. 1904, 14, 742 at 
higher temperatures, Trautz and Zink, ibid. 
1930, 7, 427; at higher pressures, Jlichcls 
and Gibsen, Proc. Roy. Soc. 1931, A, 134, 288). 
The viscosity of the liquid at the boiling-point is 
about 16xl0~^. 

The dielectric constant of nitrogen gas at S.T.P. 
is 1-0005824 (Michels, Jaspers, and Sanders, 
Physica, 1934, 1, 627 ; Zahn, Physical Rev. 
1924, [ii], 24, 400 ; effect of temperature and pres- 
sure, Uhlig, Kirlcwood, and Keyes, J. Chom. 
Physics, 1933, 1, 165); that of liquid nitrogen 
is 1-68 (Wachsmuth and klesstorff, Vorh. phys. 
Ges. 1922, 3, 7), and that of the solid 1-516 
(McLennan, Jacobsen, and Wilhelm, Trans. 
Roy. Soc. Canada, 1930, 24, nx, 40). Tlie dipole 
moment of the gas is zero, and the specific 
magnetic susceptibility is x-10®=— 0-430 at room 
temperature (Havens, Physical Rev. 1933, [ii], 
43, 992). 

The refractive index of the gas for A=6,400 A. is 
14-299-7x10“® at S.T.P. (Cuthbertson and 
Cuthbertson, Proc. Roy. Soc. 1910, A, 83, 149 ; 
Phil. Mag. 1913, [vi], 25, 692 ; cf. Ramsay and 
Travers, Z. physikal. Chem. 1898, 25, 100; 
Jones and Partington, Pliil. Mag. 1915, [vi], 29, 
28). The refractive index of the liquid at —190° 
for the D-line is 1-2053 (Livcing and Dewar, 
ibid. 1893, [v], 36, 328). On the dispersion of 
nitrogen, see Gerald, Ann. Physik, 1921, 65, 82; 
Korff and Breit, Rev. Mod. Physics, 1932, 4, 471). 

The thermal conductivity of the gas at S.T.P. 
is fc=5-5x 10“® g.-cal. per cm. per soc. per degree 
(Ibbs and Hirst, Proc. Roy. Soc. 1929, A, 123, 
134) and the thermal coefficient of the con- 
ductivity is (fci-I'o)/^o<=0-0029 (Dickins, ibid. 
1934, A, 143, 617). 

The specific heats of the gas at constant 
volume Cj) and at constant pressure Cp and the 
ratio cpjcv are discussed by Partington and 
Shilling (“ The Specific Heats of Gases,” Bonn 
Bros., 1924, p. 204 ; Phil. Mag. 1928, [vii], 6, 
926; Trans. Faraday Soc. 1926, 22, 277; 
Partington and Howe, Proc. Roy. Soc. 1924, A, 
105, 226 ; Dixon and Greenwood, ibid., p. 199). 
The values in g.-cal per g.-mol per degree are ; 


l°c. 0 100 200 

Cp . 6-92 6-94 6'97 

Cp . 4-92 4-95 4-99 


400 COO 800 1,000 

7-05 7-13 7-20 7-30 

5-06 5-14 5-22 6'32 


Numerous formulse have been proposed to 
represent the effect of temperature on the 
specific heats, e.g., C;,=0-2491-h9-6xl0-®< c.-cal. 
per g. ; and from 300-3,000°K. (F) (Kelley," U.S. 


Bur. Mines Bull. 1934, No. 371 ; J.R. Parting- 
ton, “ Chemical Thermodynamics,” Constable, 
1940, p. 215): G;,=6-50-l-l-00x lO-^T. The 
specLQo heats of the solid and liquid at low tem- 
peratures (there is a transition in the sohd at 
36-6 °k.) (Clusius, Z. physikal. Chom. 1929, B, 3, 
41 ; Giauquo and Clayton, J. Amor. Chom. Soc. 
1933, 55, 4876; Wiobo and Brevoort, ibid. 
1930, 62, 622 ; older values in Alt, Ann. Physik, 
1904, 13, 1010) are : 


2” abs. . . 10 20 
Cp solid . . 1-2 4-0 


30 50 70 

8-0 10 0 1-35 fllq.) 


From these and other values the entropy and 
free energy of the gas have been calculated for 
various temperatures (Giauquo and Clayton, 

I. C.). 

The critical coTislants of nitrogen are (Pickering. 

J. Physical Clicm. 1924, 28, 97 ; Sci. Papers U.S. 
Bur. Stand. 1926, 21, 597); tc=-147-ro., 
2V=33-6 atm., critical density 0-311 g. per ml. 
(for earlier values, sec Wroblo\vski, Compt. rend. 
1885, 100, 979; Dewar, Proc. Roy. Soc. 1904, 
73, 261 ; Crommelin, Proc. K. Akad. Wetcnsch. 
Amsterdam, 1915, 17, 959). 

The boiling-point is — lfl.7-8°c. (Giauquo and 
Clayton, J. Amer. Chom. Soc. 1933, 55, 4875 ; 
for earlier values, see Dewar, Proc. Roy. Soc. 
1902, A, 69, 360 (—195-0°); Gninniach, 
Sitzungsber. Prouss. Akad. Wiss. Berlin, 1906, 
679 (-195-9°); Alt, Ann. Physik, 1906, 19, 739 
(-195-55°); Henning and ilcuse, Z. Phvsik, 
1924, 23, 105). 

The vapour pressures in atm. of liquid nitrogen 
at various absolute temperatures T, and also 
the boiling-points under various pressures in 
atm., are accurately produced by .the formula 
logj)=~304-494/7’-h3-93352 (Dodge and Dn\ns, 
J. Amer. Chcra. Soc. 1927, 49, 610 ; for older 
values, see Olszewski, Compt. rend. 1881, 99, 
133; Baly, Phil. Mag. 1900, [v], 49, 61 7; Fischer 
and Alt, Sitzungsber. K. Akad. Munchen, 1902, 
113). Vapour pressures of nitrogen isotopes are 
discussed by Kishenbaum and tJrcy (J. Chom. 
Physics, 1942, 10, 706, 710). The latent heat of 
evaporation, If, at tho boiling-point is 47-68 g.-cal. 
per g. (Giauquo and Clayton, J. Amor. Cliom. 
1933, 55, 4876 ; cf. Dewar, Proc. Roy. Soc. 1905, 
76, 325 ; Alt, l.c.). Some values of tho vapour 
pressures and latent heats at various tempera- 
tures {cf. Wiobo and Brevoort, l.c.) are : 


t°o -213 

p Ur. per sq. cm. . O-OO* 
le g.-cal. per g. . 52 

t°0 -173 

V l:g. per sq. cm. . 7-7 

le g.-cal. per g. . 89 


-203 

-193 

-183 

0-4 

1-37 

3-0 

50 

47 

43 

-103 

-153 


14 

25 


33 

22 



• Solid. 


Tho compressibility of liquid nitrogen (—198°, 
to 240 atm.) is 260x10“'' atm.-^ (Simon and 
Kipport, Z. physikal. Chom. 1927, 135, 113). 

Tho surface tension, y, of tho liquid at tho boil- 
ing-point is 8-7 dynes per cm. (Vorschaffolt, 
1926, quoted in Landolt-Bomstcin, “ Physi- 
kalisch-chemischo Tabollon,” Berlin, 1931, 
Ergzb. II, i, p. 166; Grunmach, Ann. Physik, 
1907, 22, 107) ; tho dopondonco of y on abso- 
lute temperature is given by y=yo(l— T’/T’p)” 
whore 7’c=crirical temperature (abs.) and n is 



610 


NITROGEN. 


There has heen considerable disonssion about 
the nature of active nitrogen, and although the 
problem has been greatly clarified in recent 
years there are stfil some obscure features (for 
summary, see S. K. Mitra, “ Active Nitrogen, 
A New Theory,” Calcutta, 1946). It was con- 
sidered probable that the activity is not as- 
sociated with any ionised form of nitrogen, since 
it is rmaffected by the removal of ions firom the 
gas which has been subjected to the discharge, 
but Mitra (lx.) has proposed the theory that 
active nitrogen consists of NJ ions. Rayleigh 
suggested that active nitrogen contains un- 
charged nitrogen atoms, and this has been 
largely substantiated. The suggestion by Trautz 
(Z. Elektrochem. 1919, 25, 297) that it is tri- 
atomio nitrogen, Ng, probably not a cyclic 
molecule because of the nitride formation and 
the absence of azide formation (azides being 
then thought to have a cyclic structure), is no 
longer entertained, since Rayleigh was unable 
to condense any form of active nitrogen by 
strong cooling. The spectroscopic evidence, on 
the other hand, indicates that the a-bands or 
Eirst Positive bands are due to the uncharged 
nitrogen molecule and Dhar (Z. anorg. Chem. 
1924, 141, 1; 1926, 159, 103; J. Physical 
Chem. 1924, 28, 948) suggested that nitrogen 
molecules are excited by the discharge and 
afterwards give up their energy with the emission 
of the glow. Du&eux (Nature, 1926, 117, 302) 
considered that the excitation is produced, by 
ionised atoms, the Second Positive band group 
(which predominates in the discharge during the 
activation of the nitrogen) being due to the atom. 

The spectroscopic evidence points to the 
emission of the glow by the diatomic molecule 
Ng in some pecuSar state, and Birge (ibid. 1924, 
114, 642 ; Physical Rev. 1924, [ii], 23, 294) and 
Saha and Sur (Phil. Mag, 1924, 48, 421 ; review 
by Saha and Mathur, Proc. Nat. Acad. Sci. 
India, 1936, 6, 120) considered that this is the 
metastable excited neutral molecule Nj. 

Willey and Rideal (J.C.S. 1926, 1804) found 
the value 42,600 g.-cal. for the heat of formation 
of active nitrogen by allowing it to react with 
nitric oxide. WiUey (ibid. 1927, 2831 ; Nature, 
1927, 119, 924) at first supposed that the glow 
and chemieal activity are independent, and that 
different stages in activity are possible. Rayleigh 
also thought the glow coMd be destroyed without 
destroying the chemical activity. It was thus 
considered possible that the average energy of 
chemically active nitrogen might be appreciably 
smaller than that of the glowing molecules, and 
that the glowing nitrogen is oMy a fraction of 
the total chemically active nitrogen and is in 
a considerably more excited state than the 
average. This was supposed to clear up a dis- 
crepancy thought to exist between the observed 
heat of formation (see above) and the heat of 
dissociation of the nitrogen molecule into 
atoms. The more recent considerable reduction 
in the latter value has modified this argument, 
and in later work Willey (J.C.S. 1930, 339) con- 
cluded that the glow and chemical phenomena 
are not completely independent. 

When Herzberg and Sponer (Z. physikal. 
Chem. 1934, B, 26, 1) showed that the heat of 
dissociation N2=2N is 169-3 kg.-cal. per g,-mol,. 


much smaller than was previously assumed (but 
see above, p. 506a), it was possible for Carlo 
(Z. Physik, 1934, 89, 523) to present a con- 
sistent scheme for the mechanism of glow pro- 
duction. In this, metastable Ng molecules with 
6-14 v. (instead of 8-1 v., as previously assumed) 
are supposed to be excited by collision with 
metastable N atoms with energies of 3-56 v. 
(~P state) and 2-37 v. (^D state), and the result- 
ing Ng molecule, with energy 9-70 or 8-51 y., then 
emits radiation. The chemical activity is sup- 
posed to be due to the atomic forms. 

The foreign gases necessary for the production 
of the glow act catalytically, since they play 
no part in the actual light emission. Rayleigh 
showed that the decay of the glow is influenced 
by the walls of the vessel, and Bonhoeffer and 
Kaminsky (Z. physikal. Chem. 1927, 127, 385) 
foimd that the effects of different gases markedly 
depend on the walls. Lewis (J. Amer. Chem. 
Soc. 1929, 51, 654, 665) showed that baking the 
surface causes the afterglow to disappear, but 
that the glow can be made to reappear on the 
addition of sufficient water vapour to cover the 
surface. Willey (J.C.S. 1928, 1620; 1930, 

336, 1146; cf. Sponer, Z. Physik, 1925, 34, 
622 ; Herzberg, ibid. 1928, 46, 878) examined 
the effect of other foreign gases and of the walls 
on the decay of the glow, and Rayleigh (Proc. 
Roy. Soc. 1935, A, 151, 567) by coating the 
walls with phosphoric acid was able to prolong 
the glow period very considerably. Afl these 
results show that the glow occurs in the gas, 
that it is due to a change which can occur on 
very clean walls without glow, and that the 
function of the traces of foreign gases necessary 
for the production of the glow is probably to 
“ poison ” the catalysing walls by covering 
them with an adsorbed film and so forcing the 
change into the gas phase, where it occurs, 
probably as a result of termolecular collisions 
between excited atoms and molecules, with the 
emission of the glow. 

Later investigations by Rayleigh have re- 
opened some puzzling questions as to the 
nature of active nitrogen. He showed {ibid. 
1942, A, 180, 123) that the effect of oxygen is 
to produce some modification of the walls of a 
glass vessel which is favourable to the production 
of active nitrogen. Strong preliminary heating 
of the walls, or even heating in nitrogen at 
atmospheric pressure, brings about inhibition 
of the after-glow, whilst heating in oxygen at 
1 mm. pressure restores its formation. He con- 
cluded {ibid. 1942, A, 180, 140) that ionisation 
of the Ng molecule, with the energy 16-61 v., 
is closely associated with the formation of active 
nitrogen (c/. Mitra, l.c.). The ionisation and glow 
mechanisms are probably different, but the 
energy (about 9-6 v. : see above) attributed to 
active nitrogen on spectroscopic grounds is 
regarded with suspicion; too much stress has 
perhaps been laid on the spectroscopic aspect, 
since the ionisation may involve as many atoms 
as are concerned in the light emission. Rayleigh 
{ibid. 1940, A, 176, 1) found that if a volume of 
glowing nitrogen is doubled by diffusion into 
ordinary nitrogen, the glow intensity is reduced 
4-3-fold, or about 4-fold, as would be expected 
if the reaction were bimolecrdar as regards active 
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nitrogen (see above). On compression ■with, a | 
solid piston, the brightness varied inversely os ^ 
the cube of the volume, and over the range | 
examined it varied as where T is the 

absolute temperature, whilst in most ordinary 
chemical reactions the effect is proportional to 
about T+ioo. The most striking results are 
those {ibid. 1940, A, 176, 16) in which pieces of 
gold, silver, copper, or platinum wore made 
red-hot, and even melted, when exposed to 
active nitrogen formed in a low-pressure dis- 
charge, without any chemical effect on the metal. 
The energy collected and liberated by the metal 
is surprisingly large and cannot bo reconciled 
with existing theories of active nitrogen ; only 
with difficulty, in fact, with the assiunption of 
complete dissociation of nitrogen molecules. 
The energy radiated in the after-glow amounts 
to only about one thousand of that collected by 
the metals, so that the liuninosity is of quite 
subordinate importance from the point of view 
of the energy of the active nitrogen. A largo 
dissipation of energy must occiu- in some non- 
luminous effect, the nature of which is obscure, 
and it is micertain at what period in the decay 
time it is mainly released. Kaplan (Physical 
Rev. 1940, [ii], 57, 662; cf. Kamiyama and 
Sugiura, Sci. Pap. Inst. Phys. Ghem. Res. Tok3'o, 
1939, 36, Abstr., 52 ; 1940, 37, 479) found that 
the character of the glow changed with time, 
the line 3,467 a having a greater relative intensity' 
as compared with the Second Positive band 
system (p. 508c) later in the life of the glow. 

The problem of active nitrogen is still far from 
a satisfactory solution, but most of the experi- 
mental work so far available points to the 
nitrogen atom, whether in normal or excited 
states, as the probable carrier of the chemical 
activity. 

The strong green or blue-green fluorescence 
excited by active nitrogen with many salts 
(Lewis, Natine, 1923, 111, 699) maj’- bo duo to 
chemical reaction with active nitrogen or to tho 
presence of free electrons, but is probablj' a 
chemiluminescence phenomenon in which tho 
decomposition of tho activating substance 
furnishes the energy for luminescence (Bon- 
hoeffer and Kaminslw, Z. physikal. Chom. 1927, 
127, 385). 

In the explosion of mixtures of carbon mon- 
oxide, oxygen, and nitrogen some kind of 
activation of the nitrogen is supposed to occur 
(Bone, Newitt, and Townend, J.C.S. 1923, 123, 
2008; Proc. Roy. Soc. 1923, 103, 205; 1924, 
105, ^ 406) but the effect was not adequately 
studied. According to Lowry (J.C.S. 1912, 
101, 1152 ; Trains. Faraday Soc. 1913, 9, 189) 
when air is subjected first to a silent discharge 
(which wiU form ozone) and then to a spark 
discharge (which will form nitric oxide), a 
peculiar form of active nitrogen is formed. The 
results, however, are probably due to reactions 
of ozone and nitrogen oxides (Willey and Foord. 
J.C.S. 1932, 153). 

HAUDES of NiTEOaEK. 

Nitrogen Fluoride, obtained by elec- 
trolysing fused anhydrous ammonium hydrogen 
Fischer, and Luft, Z. anorg. Chem. 
1928, 172, 417), is a colourless gas at ordinary 


temperatures, and analysis and density measure- 
ments give tho formula N Fj. It is condensed by 
liquid air to a colourless mobile liquid, b.p,— 119°, 
freezing somewhat above — 21G'6° (Ruff and 
Clusius, Z. anorg. Chem. 1930, 190, 267). It is 
insoluble in water and unattached by hydrogen, 
but when sparks are passed through a mixtmo 
of tho gas vdth water vapour, hydrogen fluoride 
and oxides of nitrogen are formed. With hydro- 
gen imder similar conditions, tho reaction is very 
violent, nitrogen and hydrogen fluoride being 
formed. There is no reaction with mercury, 
manganese dioxide, potassium hydroxide solu- 
tion, or glass at tho ordinarj’ temperature. The 
toxic properties of NFs aro duo to its inhibiting 
tho oxidation of hmmoglobin in tho blood. 

' Buff and co-workers {ibid. 1931, 198, 32) claim 
to have isolated several intermediate compounds 
in tho preparation of NFj, including NHjF, 
NHF-, and a yellow compound thought to bo 
NF-, 'all gases at ordinary temperature and 
pressure. 

Under all conditions, nitrogen trifluorido and 
other nitrogen fluorides are produced in addition 
to nitrogen by tho action of fluorine on ammonia 
(Ruff and Hanko, ibid. 1931, 197, 273, 395). 

Nitrogen trifluorido inay bo analysed by 
(a) tho reaction with heated hj’driodic acid : 
NF3-f7HI = NHJ-f3HF.4-3l5, tho iodino 
being titrated, (6) the reaction with sodium : 
2 N Fg-f 6 N a = N ,-(- 6 N a F (Ruff e/ oL, . 1 93 1 , 
197,273; 1931,198, 32). 

Nitrogen Chlorides. — ^By tho action of 
chlorine on ammonia under suitable conditions, 
three substitution products are formed (with 
ammonia in excess, onl}' nitrogen is obtained, 
p. oOltf) : 

NHg-fCL^NH.CH-HCI 

NH.CI-fClj=NHClj.-fHCI 

NHCL-pCL=NCl3-hHCl. 

Monochloroamine, NHgCl, is formed in 
solution by tho action of ammonia on chlorine 
water, and is used in sterilising water supplies, 
acting more powerfully than chlorine. It is 
also lormcd from sodium hypochlorite solution 
and a slight excess of ammonia (Playfair, Mom. 
and Proc. C.S. 1845, 8, 350 ; F. Raschig. Bor- 
1907, 40,. 4680; " Schwefol- und Stickstoff- 
studicn,” Vorlag Chomio, 1924, p. 60) : 

NaOCl-|-NH3=NH„CI-i-NaOH. 

By distilling tho solution in vacuum, drying tho 
vapour with anhydrous potassium carbonate, 
and condensing it in liquid air, colourless crystals 
of pure NHjCI aro obtained, molting at —60° 
and decomposing explosively at —60° into nitro- 
gen, chlorine, and ammonium chlorido (Marck- 
wald and Willo, Bor. 1923, 56 [B], 1319). 

Dichloroamlne, NHCL, is less stable than 
monochloroamine and is known only in solution ; 
it is formed by acidifying a solution of NH-Cl 
or by tho action of chlorine on excess of am- 
monium sulphate solution buffered to pH 4*5--5'0 
(Chapin, J. Amor. Chem. Soc. 1929, 51, 2112). 

Trichloroamine or Nitrogen Trichloride, 
NCI3, was accidently obtained by Bulong (who 
sxistained serious injury by an explosion) in 1811 
by tho action of chlorine on a solution of am- 
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monium chloride (Sohweigger’s J. 1813, 8, 302; 
Ampfere, Ann . Chiin. Phys. 1885, [vi], 4?, 12 ; 
Victor Meyer, Ber. 1888, 21, 26) : 

NH4CI+3Cl2=NCl3+4HCI. 

Balard (Arm. China. Phys. 1834, [ii], 57, 269) 
obtained it by the action of hypochloroua acid 
on ammonium chloride (ammonium sulphate is 
preferable), and Hentschel (Ber. 1897, 30, 1434, 
1792) by the action of sodium hypochlorite on 
ammonium chloride : 

7NaOCl+2NH4Cl 

= NCl3+NaCl+NaN03+4H20. 

Nitrogen chloride is also formed by the action of 
excess of chlorine on ammonia, a reaction 
formerly thought to involve the intermediate 
formation of ammonium hypochlorite ; since it 
occurs between anhydrous ammonia and 
chlorine this cannot be true, and probably a 
simple substitution reaction occurs : 

NH3+3Cl2=NCl3+3HCl, 

followed by NH3-1-HC1=NH4C1 (Noyes and 
Lyon, J. Amer. Chem. Soc. 1901, 23, 460; 
Noyes and Haw, ibid. 1920, 42, 2167 ; Bray 
and Dowell, ibid. 1917, 39, 905). 

' Nitrogen trichloride is also formed at the 
anode in the electrolysis of concentrated am- 
monium chloride solution (Kolbe, J. pr. Chem. 
1847, [i], 41, 137 ; Hofer, Chem.-Ztg. 1896, 20, 
478). 

By adding a calcium hypochlorite solution 
acidified with hydrochloric acid to ammonium 
chloride solution, and shaking with benzene, 
the NCI3 formed is dissolved in the benzene 
(Hentschel, Ber. 1897, 30, 1434, 1792, 2642). 
According to Rai (Chem. News, 1918, 117, 253) 
it can he prepared by the action of bleaching 
powder on a saturated solution of ammonium 
chloride at about 0°, without the use of hydro- 
chloric acid or a solvent such as benzene or 
carbon tetrachloride. 

By covering 150 ml. of carbon tetrachloride 
with a concentrated aqueous solution of am- 
monium chloride, passing in chlorine gas with 
vigorous shaking, and then washing with water, 
a bright yellow solution of nitrogen trichloride 
is obtained (Chapman and Vodden, J.C.S. 1909, 
95, 138). 

Nitrogen trichloride is a yellowish, volatile, 
very pungent-smeUing oil, the vapour of which 
strongly attacks the eyes and mucous mem- 
brane; p 1-653, b.p. 71°. It detonates at 93°, 
or in contact with organic matter, phosphorus, 
arsenic, ozone, or alkalis. Metals, strong acids, 
resins and sugar do not cause its explosion, which 
is, however, brought about by exposure to strong 
light (Porret, Wilson, and Kirk, Ann. Phys . Chem. 
1814, [i], 47, 66). It is strongly endothermic, 
the heat of formation being —38,477 g.-cal. 
(DeviUe and HautefeuiUe, Compt. rend. 1869, 
69, 152 ; DeviUe and Troost, ibid., p. 204). It 
reacts slowly with dilute ammonium chloride 
solution and more rapidly with a concentrated 
solution: NCl3-l-NH4CI=N2-f-4HCI, and is 
decomposed by ammonia and ammonium sul- 
phide solutions. Dry hydrogen chloride con- 
verts it quantitatively into ammonium chloride 
(Noyes). 


Nitrogen trichloride dissolves in benzene, 
ether, chloroform, carbon tetrachloride, and 
carbon disulphide. The benzene solution has 
been used for chlorinating organic substances 
(Hentschel, Ber. 1897, 30, 2642). 

The formula NCI3 was assigned to nitrogen 
chloride by Dulong (Schweigger’s J. 1813, 8, 
302), Bineau (Ann. Ghim. Phys. 1845, [iii], 15, 
82), and DeviUe and HautefevdUe (Compt. rend. 
1869, 69, 152). Davy (PhU. Trans. 1813, 103, 
I, 242) found the chlorine to be in excess of that 
required for this formula and suggested NCI4. 
Porret, Wilson, and Kirk (i.c.), and Gladstone 
(J.C.S. 1854, 7, 61) concluded that hydrogen was 
present (the latter giving the formula as 
NjHCls)* but the methods of analysis were not 
accurate. Gattermann (Ber. 1888, 21, 761; 
c/. Hentschel, ibid. 1897, 30, 1792) determined 
the chlorine directly by decomposing a weighed 
quantity of the carefuUy purified and dried sub- 
stance with concentrated ammonia, thus forming 
ammonium chloride, in which the chlorine was 
estimated as silver chloride, the result closely 
agreeing with the formula NCI 3. This was con- 
firmed by Chapman and- Vodden (J.C.S. 1909, 
95, 138), who determined the ratio of nitrogen 
to chlorine, and also proved the absence of 
hydrogen. Hentschel (i.c.) found that with ex- 
cess of chlorine acting on ammonium chloride 
the proportion of chlorine in the product can go 
above NCI4, but this is probably due to dis- 
solved free chlorine. 

The hydrolysis of nitrogen trichloride (SeU- 
vanov, Ber. 1894, 27, 1012) : 

NCl3-)-3H20 ^ NH3-I-3HOCI 
HOCl-f HCM Cla-t-HgO 
NH3-f HCI = NH4C1 

explains the easy reduction to ammonia, and 
the greater solubUity in hydrochloric acid than 
in sulphuric acid or in water (since hydrochloric 
acid decomposes hypochlorous acid). Chap- 
man nfid Vodden (J.c.), by shaking a solution of 
nitrogen chloride in carbon tetrachloride with 
moderately concentrated hydrochloric acid, 
remo-ving any nitrogen trichloride from the 
aqueous solution, and distilling it -with alkali, 
obtained ammonia in quantity. 

Nitrogen trichloride is quantitatively reduced 
to amiflonia by sodium sulphite solution (Dowell 
and Bfay, J, Amer. Chem, Soc. 1917, 39, 896). 
By the interaction of nitrogen trichloride and 
nitric oxide in a mixed chloroform-carbon tetra- 
chloride solvent three reactions occur (Noyes, 
ibid. 1928, 50, 2902) : 

(а) 2NCl3=N2-i-3Cl2 at0°. 

(б) N0Cl-l-NCl3=N20-bCl2 at -20°. 

(c) NCl3-)-2NO=N2O-)-NOCI-)-Cl2at-80°. 

Reaction (6) is a subsidiary reaction which occurs 
slowly at —80° and is accompanied by the decom- 
position of 26% of the nitrogen trichloride into 
nitrous oxide and chlorine, and by reaction (a). 
At —160° the reaction is : 

(d) NC)3-h3N0=2N0Cl-bN20-}-Clg, 

probably proceeding in foim stages. Attempts to 
carry out the reaction at —185° and —191° were 
not successful (Noyes, ibid. 1930, 52, 4298). 
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Nitrogen trichloride is ft powerful inhibitor of 
the photochemical union of hydrogen and 
chlorine (Burgess and Chapman, J.C.S. 1906, 
89, 1399). The photochemical decomposition of 
nitrogen trichloride is retarded by the addition 
of helium, argon, nitrogen, and oxygen, which 
have specific effects. Mixtures of chlorine and 
small quantities of nitrogen give pressure in- 
crements corresponding with the net reaction 
2NCl3=N2+3Cl2 (Griffiths and Norrish, 
Nature, 1931, 127, 14; Proc. Roy. Soc. 1931, 
130, 691 ; c/. Bowen, J.C.S. 1923, 123, 1203). 

Nitrogen Bromides. — ^Tho compounds mono- 
bromoamine, NH2Br (Moldenhauer and Burger, 
Ber. 1929, 62 [B], 1616) and dibromoamine, 
N H Br2 (Coleman, et al., J. Amer. Chom. Soc. 
1934, 56, 965), are formed by the action of 
bromine on ammonia, and a red, volatile, 
explosive oil formed by the action of potassium 
bromide on nitrogen chloride under water, 
although not analysed, was supposed to be 
nitrogen tribromide (NBrj?) (Millon, Ann. 
Chim. Phys. 1838, [ii], 69, 76). 

Nitrogen Iodide was first prepared by 
Courtois {ibid. 1813, [i], 88, 304) by digesting 
powdered iodine with aqueous ammonia. It is 
also formed as a black precipitate on mixing 
ammonia and alcoholic iodine solution (Sorullas, 
ibid. 1829, [ii], 42, 200 ; Bunsen, Annalon, 1862, 
84, 1); 5NH3+3l2=Nl3,NH3-l-3NH4l, or by 
adding ammonia to a solution of iodine in 
aqua regia or of iodine chloride in potassium 
iodide solution (Schonboin, J. pr. Chom. 1801, 
[i], 84, 385), or by mixing solutions of am- 
monium iodide and bleaching powder (Glad- 
stone, J.C.S. 1865, 7, 61). Nitrogen iodido is 
usually prepared by genllg triturating iodine 
with concentrated ammonia in a glass mortar, 
filtering off the black powder and tearing up the 
moist filter paper and compound, the swiaH 
portions being allowed to dry on pieces of card- 
board at the ordinary temperature. Crystalline 
nitrogen iodide is best prepared by running a 
solution of iodine chloride (1 Cl) in hydrochloric 
acid into ammonia solution. 

Pure nitrogen iodide forms copper-coloured 
crystals, light-red by transmitted light, p 3'6, 
very readily exploded by shock (oven the touch 
of a feather is often sufficient), warming, or 
exposure to strong light, especially ultra-violet 
light ; the decomposition reaction is (Eggert, Z. 
Elektrochem. 1921, 27, 647): 8Nl3,NH3= 
5N2-f9!2-h6NH4l. It slowly decomposes under 
water when exposed to light (Guyard, Compt. 
rend. 1883, 97, 626). 

Bunsen’s formula for nitrogen iodido 
N l3,NH3, was confirmed by Chattaway (J.C.S. 
1896, 69, 1672; Amer. Chom. J. 1900, 23, 
363 ; 1893, 24, 138, 342). At low tempera- 
tures the compounds N l3,2NH3, N l3,3NH3 and 
Nl3,12NH3 are formed by the action of am- 
monia (Hugot, Ann. Chim. Phys. 1900, [vii], 
;21, 6 ; Ruff, Ber. 1900, 33, 3026). 

_ The formula N l3,N Hg (possibly HgN N Ij) 
as confirmed by the reaction with zinc ethyl 
CSilberrad, J.C.S. 1905, 87, 66) : 


Nl3,NH3-p3Zn(C2H3)2 

=3Zn I CaHg-f N Hg-f N (C2H3)3 
2NH3-f Zn(CaH3)3=Zn{N H^o)s-}-2CsH^. 

VoL. vm.— 33 


Nitrogen iodide is hydrolysed as follows (Seli- 
vanov, Ber. 1894, 27, 1012) : 

Nl3,NH3-l-3H20^2NH40l-l-H0l, 

and hypoiodous acid is probably involved in its 
preparation from iodine and ammonia. It is an 
oxidising agent (Chattaway and Stevens, 
Amor. Chom. J. 1900, 23, 369) and is reduced, 
similarly to NCI3. by hydrogen sulphide, 
sulphur dioxide and sodium sulphite, and 
arsenious oxide : 


Nls,NH3-l-3Na2S03-f3H20 


=3NaS04-f2NH4l-l-2Hl; 


hydriodic acid liberates iodine, hydrochloric 
acid forms iodine chloride, hydrocynnio acid 
forms iodine cyanide, and alkalis a mixture of 
iodido and iodato. Each atom of iodine has 
the oxidising effect of an atom of oxygon, as in 
hj-poiodous acid. It reacts with organic iodides 
(Silberrad and Smart, J.C.S. 1906, 89, 172). 

According to F. Kaschig (“ Schwefol- und 
Sticlcstoffstudion,” Verlag Cheinio, 192-1, p. 34) 
NIj.NHg tends to pass into NI3 on washing. 
Nitrogen tri-iodide, NI3, is obtained ns .a black 
explosive powder by the action of ammonia 
gas on solid KIBro'nnd washing the product 
rapidly with water (Cromer and Eimcan, J.C.S. 
1930, 2750) : 

3KIBr2-p4NH3=Nl3-f3KBr-f3NH4Br. 


Nituoden SonraiDEs, Etc. 

Nitrogen Sulphide was first prepared by 
Gregory (J. Pharm. Chim. 1835, 21, 315 ; 1836, 
22, 301), but first analysed b}* Souboiran (Ann. 
Chim. Phj’s. 1838, [ii], 67, 71), who obtained 
tho correct empirical fonnuln NS, which was 
confirmed by Fordos and G6Us (Compt. rend. 
1860, 81, 702), who were tho first to obtain tho 
pure compomid. 

Nitrogen sulphide is i)ropared bj' passing a 
rapid current of dry ammonia gas into a 10-16% 
solution of sulphur chloride, S-Clj, in dry ben- 
zono (Francis and Davis, J.C.S. 1901, 85, 259) 
or dry other (Valkonburgh and Bailor, J. Amor. 
Chem.' Soc. 1925, 47, 2134) until red fumes 
appear, after which tho liquid is cooled and tho 
current of gas continued for a short time. Tho 
ammonium chloride fonned is filtered off, and on 
evaporation of tho filtrate orange-red mono- 
clinic crystals (Artini, J.C.S. 1906, 90, 533), 
p 2-2, m.p. 185®, of nitrogen sulphide aro 
obtained, which may bo rocrystallised from 
boiling bonzono, toluene, or carbon disulphide. 

It may bo sublimed imdor reduced pre.ssuro. It 
is explosive unless quite pure, when it is fairly 
stable (Francis and Daris, he. ; Schonck, 
Annalon, 1896, 290, 171). Tho molocular 
formula is N4S4 (Clover and Muthmann, Bor. 
1896, 29, 340 ; Schonck, l.c. ; Francis and Davis, 
he.). Tho heat of formation of N4S4 is —127,600 
g.-cal. (Bortholot and Vioillo, Compt. rond. 1881, 
92, 1307 ; Ann. Chim. Phys. 1882, [v], 27, 202), 

The reaction of formation has been given ns : 

16NH3-f6S2Cl2=N4S4-M2NH4CI-fS8, 

but Ruff and Goiscl (Bor. 1904, 87, 1573) give 
it ns ; o . 

l6NHs-f-12SCU=.3N^S^-t-48HCI-f-2N2. 
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Nitrogen aulphide is also formed by tbe action 
of sulphur on liquid ammonia in presence of silver 
iodide (to remove the hydrogen sulphide pro- 
duced), the reaction being reversible (Moissan, 
Compt. rend. 1901, 132, 610; Ruff and Geisel, 
Ber. 1905, 38, 2659) : 

10S-f4NH3^ NiSi-fGHaS. 

Nitrogen sulphide and lead iodide in liquid 
ammonia give oKve-green prisms of lead dithio- 
di-imide, Pb:N2S2,2NH3, and with mercury 
iodide bright yellow crystals of the mercury 
thio-di-imide, Hg:N2S,N H3, but in neither case 
is precipitation complete. 

Nitrogen sulphide hydrolyses to form tri- or 
(probably) penta-thionic acid, sulphru dioxide, 
and ammonia (Valkenburgh and Bailar, l.c.). 
It reacts with some metal chlorides ‘to form 
additive compounds (Wolbling, Z. anorg. Chem. 
1908, 57, 281), with amines (Schenck, Z.c.), fatty 
acids, and their anhydrides and halogen deriva- 
tives (Francis, J.C.S. 1905, 87, 1836), aromatic 
aldehydes (Davis, ibid. p. 1831) ; with hydro- 
fluoric acid it forms thionyl fluoride (in presence 
of moisture) (Buff and Thiel, Ber. 1905, 38, 549), 
and it reacts with dry hydrogen chloride: 
N4S4-M2HCI=4NH3-(-4S-f6Cla. On warm- 
ing in benzene solution with stannous chloride, 
nitrogen sulphide forms yellow lustrous leaflets 
of (NSH)4, m.p. 152°, which is not combustible 
or explosive and evolves ammonia on heating 
with potassium hydroxide (Wolbling, l.c. ; 
Meuwsen, Ber. 1929, 62 [B], 1959). 

A blue modification of N4S4 is obtained by 
sublimation over silver gauze ; it is much less 
volatile than the common form (Burt, J.C.S. 
1910, 97, 1171). By subliming N4S4 with sul- 
phur at 126° (without silver gauze), a trace of a 
dark red volatile liquid, with the odour of 
iodine and freezing to a pale yeUow solid at 
—80°, is formed : analysis by decomposition 
gave the formula NSj (Usher, ibid. 1925, 127, 
730). 

The structure of N4S4 has been the subject 
of much speculation (Schenck, l.c . ; Ruff and 
Geisel, l.c.; Amald et al., J.C.S. 1936, 1645); 
its crystal structure has been determined (Jaeger 
and Zanstra, Proc. Acad. Amsterdam, 1931, 34, 
782). 

On passing chlorine into a suspension of N4S4 
in chloroform a tetrachloride N4S4CI4 is 
formed, which separates on cooling in splendid 
yeUow crystals, which decompose on heating : 
N4S4Cl4=2S2Cl2-h2N2. The substance forms 
a black tarry mass on exposure to air (Demargay, 
Compt. rend. 1880, 91, 854 ; Andereocci, Atti B. 
Accad. Lincei, 1896, 5, 264; Z. anorg. Chem. 
1897, 14, 246 ; Muthmann and Seitter, Ber. 
1897, 30, 627). 

The compound (SN)3CI is said to be formed 
by reaction between the correct amounts of 
N4S4 and N4S4CI4 in chloroform (Demargay, 
l.c.). It is, however, probably thio-trithioazyl 
chloride, N3S4CI, obtained by the action of 
N4S4 on S2CI2 in chloroform solution, or by 
heating N4S4 with acetyl chloride (Muthmann 
and Seitter, l.c.). It is an intensely yellow 
crystalline powder, which explodes a few 
minutes after becoming dry. It readily absorbs 
ammonia. 


Thio-trithioazyl chloride is a salt of the radical 
N3S4; the bromide, NjSjBr (stable in air), 
iodide, N3S4I (very unstable), thiocyanate, 
N3S4CNS (stable in air), and niiraie, N3S.NO3, 
are Imown. The nitrate is obtained in smphur- 
yeUow prisms on evaporating a solution of the 
chloride in concentrated nitric acid in vacuiim. 
It is very explosive when dry, and the solution 
in water darkens after a few minutes, giving a 
black deposit. 

Hexasulphamide, SgNHj, is obtained from 
the mother-liquor resulting from the preparation 
of N4S4 from ammonia and S2CI2 in chloroform 
(Macbeth and Graham, Proc. Irish Acad. 1923, 
36, 31). 

Liquid nitrogen feniasulphide, NjSg, is formed 
by treating 30 g. of N4S4 and 600 ml. of pure 
carbon disulphide in an autoclave at 100° for 
2 hours, filtering, distilling off the carbon disul- 
phide, and evaporating at room temperature in 
vacuum: N4S4-(-2CS2=N3S5-fS-l-2CNS. 

The residue is triturated with dry ether, and 
the liquid separated from residual sulphur and 
cooled at —25° to separate the remainder of the 
sulphur. On evaporation of the ether over 
calcium chloride, NjSg is obtained as a deep 
red oil, which crystalhses from a weU-cooled 
solution in ether in black tablets, m.p. —10°. It 
is soluble in most organic solvents and is stable 
if not exposed to light, but it cannot be distilled 
(Muthmann and Clever, Z. anorg, Chem. 1897, 
13, 200). 

Nitrogen Selenide, N4Se4, is obtained by 
passing a rapid stream of dry ammonia gas into 
a cooled solution of selenium chloride in carbon 
disulphide (Valkenburgh and Bailar, J. Amer. 
Chem. Soo. 1925, 47, 2134). 

Oxides akd Oxyaoids oe Nitsogen. 

Nitrous Oxide, N2O, was first obtained by 
Priestley in 1772 (“ Experiments and Obser- 
vations on Air,” 1774, Vol. I, pp. 118, 216) by the 
action of iron or zinc filings, or potassium sul- 
phide or sulphite, on nitric oxide. He called it 
at first “ diminished nitrous air,” later dephlo- 
gisticated nitrous air. BerthoUet (Mem. Acad. 
Sci. Paris, 1785 (1788), 316) first obtained it by 
heating ammonium nitrate, and made a quanti- 
tative study of the reaction. The discovery is 
often credited to the Dutch chemists Deiman, 
Nieuwland, Bondt, Lauwerenburgh and van 
Troostwijk, who described it more fully in 1793 
(E. Cohen, “ Das Lachgas,” Leipzig, 1907). 
It was carefully investigated by H. Davy 
(“Researches, chiefly concerning Nitrous Oxide,” 
1800), who determined its composition and dfe- 
covered its stimulating and ansesthetic physio- 
logical properties. 

Several attempts have been made to synthesise 
nitrous oxide from its elements. Matignon 
(Compt. rend. 1912, 154, 203) calculated from 
Nemst’s theorem (J. R. Partington, “ Chemical 
Thermodynamics,” Constable, 1940, p. 148) 
that the direct union of nitrogen and oxygen to 
nitrous oxide should be realisable only at 3,000° 
under 3,000 atm. pressure. Warburg and 
Leithauser (Sitzungsber. Preuss. Akad. Wiss. 
Berlin, 1908, 148) report its formation, with 
ozone and N jOg, from air in a Siemens’ ozoniser, 
and with NOj in a spark discharge between 
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platinum electrodes, but not witb a high tension 
alternating arc, which gives only NOg. Pictet 
(P.P. 416594, 1910) and Soderman (P.P. 411785, 
1910) claim that it is formed in tho nitrogen- 
oxygen flame produced electrically, or by other 
means, under suitable conditions; the chief 
product detected spectroscopically or otherwise 
in a definite part of the flame is said to be N gO, 
and by rapid and efficient cooling at this point 
a yield of 26% of NgO is claimed. Chapman, 
Goodman, and Shepherd (J.C.S. 1926,^ 1404) 
showed that small amounts of nitrous oxide can 
be formed by passing an electric discharge 
through nitrogen at low pressmre contained in a 
tube of fused silica, into the walls of which 
oxygen had previously been driven by passing 
an electric discharge through that gas contained 
in the tube at low pressure. No combination 
between oxygen and nitrogen occurs imder tho 
influence of \dtra-violet light (Berthelot and 
Gaudechon, Compt. rend. 1910, 150, 1617). 

Nitrous oxide may be obtained in up to 90% 
yield by the oxidation of ammonia in special 
conditions on a catalyst of manganese dioxide 
or ferric oxide with bismuth oxide as promoter, 
with medium flow rates and a temperature of 
300° (LG. Parbenind. A.-G., B.P. 326476, 1928 ; 
Nagel, Z. Elektrochem. 1930, 36, 764 ; Andrus- 
sow, Angew. Chem. 1936, 48, 693). 

Nitrous oxide is one product of the action of 
certain metals on nitric acid (see p. 639a), 
especially zinc and dilute nitric acid or a mixture 
of equal volumes of nitric and sulphuric acids 
diluted with 8-10 vol. of water (Schiff, Annalon, 
1861, 118, 84) ; 

4Zn+10HNO3=4Zn(NO3)„+6H2O+N2O; 

or the reduction of moist nitric oxide by srdphur 
dioxide or sulphites : 

2N0+S02+H20 = H 2 S 04 +N 30 ; 

or of nitric acid by stannous chloride : 

2HN03+4SnCl2+8HCl 

=4SnCl4+6H20+N20 

The last method (Gay-Lussac, Ann. Chim. Phys. 
1848, [iii], 23, 229) has been proposed (Campari, 
Ann. Chim. Parm. 1888, 8, 263 ; Chem. Zentr. 
1888, 1669) as a method of preparation ; a 
mixture of 6 parts of staimous etJoride, 10 parts 
of hydrochloric acid (p 1-21), and 0-9 part of 
nitric acid (p 1-38) is heated to boiling. With 
other proportions explosion may result, and tho 
method is not recommended. 

One of the best methods of preparing pure 
nitrous oxide in the laboratory is by mixing 
solutions of sodium nitrite and hydroxylamino 
hydrochloride, warming gently if necessary, 
the gas being passed through ferrous sulphate 
solution and dried with phosphorus pentoxido 
(Victor Meyer, Annalen, 1876, 175, 141 ; Part- 
mgton and Shilling, Phil. Mag. 1923, rvil, 45 
416; 1927, [vii], 3, 273) : 

NH20H-fHN02=N20-f-2H20. 

Hyponitrous acid is formed as an intermediate 
product (p. 633a). This gas is &ee from 
mtrogen. Nitrous' oxide is also formed by the 
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reduction of nitrous acid with hydrazine 
(Prancke, Ber. 1905, 38, 4102). 

Tho usual method of preparation of nitrous 
oxide, and tho one used on tho technical scale, is 
the decomposition of ammonium nitrate by 
heat: NH 4 N 03 =N 20 -k 2 H 20 . Careful at- 
tention to detail is necessary. On the small 
scale, tho dry salt is slowly heated in a small 
retort. It melts, and decomposition begins 
below 200°, which temperature must not bo 
much exceeded, otherwise tho decomposition 
becomes violent, the gas becomes impure, and 
a dangerous explosion may result (Veloy, J.C.S. 
1883, 43, 370; Phil. Trans. 1889, 179, 257). 
Organic matter must bo absent and tho am- 
monium nitrate free from cldorido, otherwise 
carbon dioxide and clilorino, respectively, are 
formed (Souboiran, J. Pharm. Chim. 1827, 13, 
321). Tho gas is washed with water, ferrous 
sulphate solution (to remove NO), and sodium 
hydroxide solution (to remove chlorine and 
carbon dioxide). It may bo collected over 
warm water. A mixture of 2 parts of am- 
monium nitrate and 3 parts of drj’ sand may bo 
heated in a tube at 260-285° (LidoiT, J. Ru.ss. 
Phys. Chem. Sec. 1903, 35, 69; J.C.S. 1903, 
84, 361) and tho gas washed udth a suspension 
of ferrous sulphate in concentrated sulphuric 
acid. Heating a mixture of ammonium sul- 
phate (13-14 parts) and sodium nitrate (17 parts) 
or potassium nitrate (20 parts) at 240° is said 
to give a regular and quiet evolution of gas 
(Smith and Elmore, B.P. 9023, 1891 ; J.S.C.I. 
1892, 11, 633, 867; 1893, 12, 10). 

On tho largo scale not more than 16-18 kg. 
of ammonium nitrate arc heated at a time in a 
30-1. cast-iron or aluminium retort; tho gas is 
washed wdth water, ferrous suljfluito solution, 
and sodium hydroxide solution, then dried and 
h’quefied bj' compression. TIio liquid is sold 
in steel cylinders holding from 6 oz. to 50 lb., 
and 1 lb. of liquid gives 8'55 cu. ft. of gas at 
16°o. (Thilo, Chom.-Ztg. 1894, 18, 632; Basker- 
villo and Stevenson J. Ind. Eng. Chem. 1911, 
3, 679 (bibliogr.) ; H. C. Greenwood, " Indu-strial 
Gases,” Bnilli6ro, 1920, p. 280). Tho gas taken 
from such cylinders always contains nitrogen, 
and a tj'pical anal^’sis quoted by Baskorvillo 
and Stevenson (l.c. ; cf. Saunders, J.C.S. 1922, 
121, 098) is : NjO 90-99, H„0 0-15, CO„0-tr., 
NHg 0-000, Oj tr., N„ 0-10-3-91%. in the 
uTitor’s oxporienco the nitrogen content usually 
exceeds this, except in tho gas from a nearly 
empty cylinder. Eor nnn;sthotic purposes tho 
nitrous oxide must bo free from chlorine and 
other oxides of nitrogen, and should contain at 
least 96% of NgO. Tho gas is easily liquefied 
and was first obtained in liquid form by Faraday 
(Phil. Trans. 1823, 30, 189). 

Since nitric oxide is one of tho major pro- 
ducts of tho modern nitrogen industrj' (p. 6576), 
a possible large-scale method of preparation of 
nitrous oxide is by a method first described by 
Davy (l.c:) and Polouzo (Ann. Chim. Phys. 1836, 
[ii], 60, 161 ; Luxmooro, J.C.S. 1896, 67, 1019), 
in which nitric oxide is absorbed in a solution 
of an alkali sulphite, when a nitrososulphato is 
formed, and tho solution is acidified, when pure 
nitrous oxide is evolved : 

2N0-fKgS03=K„S03(N0)2=K„S04-|-N20. 
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A similar reaction oconrs -nitli an alkaline solu- 
tion of hyposulphite (dithionite) : 

Na 2 S 204 -h 2 Na 0 H-h 6 N 0 

= Na2S03(N0)2-l-Na2S04-l-N20-hH20 

(Gehlen, Ber. 1931, 64 [B], 1267; 1935, 65 [B], 
1130). 

Properties. — ^Nitrous oxide is a colourless gas 
with a faint pleasant sweetish odour and taste, 
heavier than air (p 1'53, air=l). It is respirable 
and produces ansesthesia, preceded in some cases 
when the gas is mixed with air or oxygen by 
pleasurable symptoms and laughter (hence its 
common name “ laughing gas ”). It is used as 
a minor anresthetic for dental purposes and a 
special apparattis is used for its administration. 
Prolonged inhalation causes death. 

The molecular structure of nitrous oxide is 
represented by N N=0, corresponding with 
the electronic formula :N::N::0:; the old 
cyclic formula 


and the formula N O N, are both incor- 
rect (Wierl, Ann. Physik, 1931, 8, 621 ; Soho- 
maker and Spuir, J. Amer. Chem. Soc. 1942, 
64, 1184; cf. Himter and Partington, J.O.S. 
1933, 309). The normal density is 1'98042 
±0-00005 g. per 1. (Batuecas, J. Chim. phys. 
1931, 28, 572) or 1-98034 (Moles, Anal. Fis. 
Quim. 1932, 30, 460). It is more compressible 
at moderate pressures than an ideal gas, the pv 
values decreasing with increase of pressure 
(Britton, Trans. Faraday Soc. 1929, 25, 620). 
The coefficient of expansion is 0-003729 (Coppock 
and Whytlaw-Gray, Proc. Roy. Soc. 1934, 143, 
487). The viscosity (Trautz and Kurz, Ann. 
Physik, 1931, [v], 9, 981) is : 

Pc 26-9 126-9 220-9 270-9 

jjXlO?. . . . 1,488 1,943 2.355 2,555 

and Sutherland’s constant 0=286 (Shilling, 
Phil. Mag. 1927, [vii], 3, 295). The dielectric 
constant of the gas at S.T.P. is 1-001129 (Roh- 
man, Ann. Physik, 1911, 34, 979) and at 
100° 1-0008024 (Czerhnsky, Z. Physik, 1934, 
88, 515) and the dipole moment 0-16 d. (Czer- 
linsky, Lc.). The specific magnetic susceptibility 
of the gas at 14° is y=— 0-43x10-® and those 
of the hquid and sohd are practically the same 
as this (Sone, Sci. Rep. Tohoku, 1922, 11, 139). 
The moment of inertia of the molecule is 66x 10-*® 
g.-cm.- (Plyler and Barker, Physical Rev. 1931, 
[ii], 38, 1827) and the distance between the 
nuclei of the end atoms 2-38 a. (Maxwell, 
Mosley, and Doming, J. Chem. Physics, 1934, 
2, 331 ; electron diffraction). The refractive 
index of the gas for A=546 mp. is 1-000510 
(Guthbertson and Cuthbertson, Phil. Trans. 
1914, 213, 23) and for 689 mp. it is 1-0005122 
(Jones and Partington, Phil. Mag. 1915, [vi], 
29, 28). The refiractive index of the liquid at 


—90° is relatively small (Liveing and Dewar, 
ibid. 1892, [v], 34, 205) : 


Ain/i 070-6 589-6 451-0 

n 1-3257 1-3305 1-3368 


The thermal conductivity of the gas at 0° is 
I-=3-64x 10-® g.-cal. per cm. per sec. per degree 
(Dickins, Proc. Roy. Soc. 1934,- 143, 617) or 
3-8 X 10“® (Ibbs and Hurst, ibid. 1929, 123, 134) ; 
the temperature eoefficient is (hj— I-o)/hQi=0-0047 
(Dickins, l.c.). 

The specific heats of the gas are (Shilling, 
Phil Mag. 1927, [vii], 3, 297) in g.-cal. per g.- 
mo’. : 

Op=8-659-b0-00677«-0-0000022{- 

0»=6-629-l-0-00694<-0-00000241{= 

and the ratio of specific heats 1-3046 at 14-5° and 
1-2753 at 100° (Partington and Shilling, ibid. 
1923, [vi], 45, 416 ; cf. Blue and Giauque, J. 
Amer. Chem. Soc. 1935, 57, 991 ; J. R. Parting- 
ton, “ Chemical Thermod 5 mamics,” Constable, 
1940, p. 207). The entropy per g.-mol. at 25°c. 
and 1 atm. is 56-96 units (Blue and Giauque, 
Z.c.) and the 1-14 units discrepancy between the 
thermod 3 mamic and spectroscopie values is 
probably due to disordered lattice orientation 
at very low temperatures. 

The critical constants are <^=36-60°, P(.=’Zi‘05 
atm. (Cardoso and Ami, J. Chim. phys. 1912, 
10, 504) and the critical density 0-469 g. per ml. 
(Quiim and Wemimont, J. Amer. Chem. Soc. 
1929, 51, 2002). The density of the liquid at 
the b.p. is 1-2257 (Grunmach, Ann. Physik, 
1904, 15, 401 ; Sitzungsber. Preuss. Akad. Wiss. 
Berto, 1904, 1198), The boiling-point is -88-7° 
(Burrell and Robertson, J. Amer. Chem. Soc. 
1915, 37, 2691) or -88-51° (Blue and Giauque, 
l.c.). 

The vapour pressures of the liquid are CViUard, 
Ann. Chim. Phys. 1897, [vii], 10, 387 ; Kuenen, 
Plul. Mag. 1895, [v], 40, 173) : 

t°C. . . 0 5 8 12 16 20 25-4 31-5 

patm. .30-75 34-8 37-4 41-2 45-3 49-4 57-45 65-4 

Blue and Giauque (Z.c.) find log pcm=— 893-56/7' 
-)-6-72168 (7’=absolute temperature). The latent 
heat of evaporation at the boiling-point is 3,958 
g.-cal. per g.-mol., or corrected to ideal gas state 
of the vapour, 3,972 g.-cal. per g.-mol. (Blue and 
Giauque, Z.c.). Mathias (Am. Chim. Phys. 1890, 
[vi], 21, 131) found 

fc. . . 0 5 10 15 20 

h . . 58-2 54-6 50-7 46-1 40-8 g.-cal. per g. 

which are expressed by Ze"=131-76(36-4— t) 
-0-928(36-4— Z)“. The surface tension of the 
liquid at the boiling-point is y=26-323 dynes 
per cm., which indicates that the liquid is 
associated (Grimmach, Ann. Physik, 1904, 
15, 401 ; Sitzungsber. Preuss. Akad. TViss. 
Berlin, 1904, 1198). The surface tensions 

between —60° and 30° are reproduced with an 
I average de-viation of 2-6% by van der Waals’s 
equation y=72-8(l— 7'/311-8)i'“ and the posi- 
tion in the Hildebrand internal pressure series 
indicates that liquid nitrous oxide should be a 
slightly better solvent than liquid carbon di- 
oxide (Quinn and Wemimont, J. Amer. Chem. 
Soc. 1930, 52, 2723). The specific heats of solid 
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nitrous 'oxide are (Clusius, Hiller, and Vaughen, 
Z. physikal. diem. 1930, B, 8 , 427) : 


T°E. . 15’17 
Cp . . 0-692 


22-62 

1-997 


47-22 73-64 

6-165 8-55 g.-cal.perg.-mol. 


. 114-65 178-5 183-7 

Cp. . 10-57 13-61 •18-51 g-cal. per. g.-mol. 

• Liquid; other values for solid, cf. Blue and 
Giauque, l.c. 

The Gj,-temperature curve is simUar to that for 
carbon dioxide and agrees -with a linear molecule. 

The densities of the liquid and. saturated 
vapour are (Cailletet and ilathias, Compt. rend.- 
1886, 102, 1202; ViUard, ibid. 1894, 118, 1096) : 


CC. . . 0 5 10 17-5 

D liq. . 0-9105 0-885 0-850 0-804 g. per ml. 

pvap. . 0-087 0-099 0-114 0-146 

rc. . . 26-5 32-9 34-9 36-3 

p liq. . 0-720 0-640 0-605 0-572 g. per ml. 

pvap. . 0-207 0-274 0-305 0-338 

The mdling-point of nitrous oxide is -90-83° 
(Blue and Giauque, l.c.). The crystal is cubic 
(Rehnken, Physical Rev. 1912, [ii], 35, 66) and 
in the lattice the distance N — O is T16 a. The 
vapour pressure of the solid from — 90-6° to 
-144-1° is given by logpmm=— 1,232-2/T 
+9-579 (Burrell and Robertson, J. Amcr. 
Chem.Soo. 1915,37, 2691) or logpmm=-l,286/T 
+ 10-13061— 0-0014038T (Blue and Giauque, 
l.c . ; cf. Black, Van Praagh, and Toplej*, Trans. 
Faraday Soc., 1930, 26, 196). Tlio latent heat 
of sublimation is 5,632 g.-cal. per g.-mol. (Bur- 
rell and Robertson, l.c.). 

The Ostvald {a') and Bunsen (a) solubility and 
absorption coefficients for Tvater are (’Gcffckcn, 
Z. physikal. Chem. 1904, 49, 257 ; -Kuenen, 
Physical Rev. 1922, [ii], 19, 617; ^Sch^vab and 
Beminger, Z. physikal. Chem. 1928, 138, 65) ; 


l"c. 

5 

10 

15 20 

25 

a . 

. 1-0481 

0-87781 

0-73771 0-62941 

0-54431 

a' . 

, 1-0671 

0-91011 

0-77841 0-07561 

0-5942' 

t°0. 

30 

40 

50 60 70 

80 

a » 

, — 

0-1813 0-1503 0-0873 0-0593 

0-0553 

a * . 

. 0-5302 

— 
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Henry’s law is obeyed at 25° (Findlay and 
Creighton, J.C.S. 1910, 97, 549; Findlay and 
Howell, ibid. 1914, 105, 291). The absorption 
coefiBcients in alcohol (Carius, Annalen, 1855, 
94, 129) are : 

t'c.. . . 0 15 25 

a .. . 4-178 3-268 2-813 

Solubilities in colloidal solutions (Findlay and 
Howell, l.c.), in many salt solutions (Geffckcn, 
l.c . ; Manchot, Jahratorfer, and Zepter, Z. 
anorg. Chem. 1924, 141, 45) and organic solvents 
(Cauquil, J. Chim. phys. 1927, 24, 63; Horiuti, 
Sci. Pap. Inst. Tokyo, 1931, 17, 125 ; Kunerth, 
Physical Rev. 1922, 19, 512) are available. 
At low temperatures a crystalline hydrate 
N 20 , 6 H 20 is. formed (ViUard, Ann. Chim. 
Phys. 1897, [vii], 11 , 289). The aqueous solu- 
tion of the gas is neutral, and hyponitrous acid 
(of which it is formaUy the anhydride) is not 
present. There is no satisfactory absorbent for 
nitrous oxide; absolute alcohol has been used, 
but the gas is best determined by explosion 
with hydrogen. 1 


Nitrous oxide is an endothermic compound, 
the heats of formation being Qp~ 20,030 g.-cal., 
and (2p=-19,740 g.-cal., and it is decomposed 
practically completely when exploded with 
detonating gas ( 2 H 2 + 02 ). It is much inoro 
easUy decomposed by heat than nitric oxide; 
at 500° about 1-6% is decomposed and at 900° 
decomposition is practically complete (Bcrthclot, 
Compt. rend. 1873, 77, 1448). Tlie pure gas 
rekindles a glowing chip and supports the com- 
bustion of carbon, sulphur, phosphonis, and 
iron wire when these are burning sufficiently 
vigorouslj^ to start the decomposition of the gas. 
Hunter (Z. physikal. Chem. 1905, 53, 441) 
found the decomposition to bo bimolecular : 
2 N„ 0 = 2 N 2 + 02 , but later experimenters find 
the 'reaction in 'various circumstances to bo 
mainly pscudo-unimolccular and complex (Hin- 
shclwood, Proc. Ro}'. Soc. 1924, 106, 292; 
Volmcr and Rummerow, Z. phj-sikal. Clicin. 
1930, B, 9, 141 ; Volmcr and Bogdan, ibid. 1933, 
B, 21, 257 ; lilelvillo, Proc. Rov. Soc. 1933, 142, 
624 ; J.C.S. 1934, 797 ; Hunter, Proc. Roy. Soc. 
1934, 144, 386). Appreciable amount.s of NO 
(up to 25% of that required by the equation 
2 N 20 = 2 N 0 +N 2 ) are formed by the dissocia- 
tion of N„0 at 1,300°. At 700° the decomposi- 
tion is sfower and chiefly according to the 
equation 2 N; 0 =: 2 N 2 + 0 ; (Brincr, Mciner, and 
Rothen, Helv. Chim. Acta, 1926, 9, 409; who 
connect the results with the lieats of reaction). 
Unlike NO, nitrous oxide is not decomposed b\' 
compression (B.incr and Wrocr.j-nski, Compt. 
rend. 1910, 150, 1324). When mixed wnth 
ox 3 ’gen and c.xposcd to ultrn-molct light it 
forms nitrogen and higher oxides (Bcrthclot 
and Gaudcchon, ibid. 1010, 150, 1571 ; Mac- 
donald, J.C.S. 1928, 1). It i.s readily reduced 
to nitrogen when mixed with excess of hj-drogen 
and passed through a red-hot tube or over 
heated platinum or palladium or reduced nickel, 
no ammonia being formed, and it oxidises a 
number of heated metals or lower oxides 
(Sabatier and Scndcrcns, Compt. rend. 1902, 
135, 278). Potassium and sodium burn to 
oxides when gently- heated in the gas (Gaj-- 
Lussac and Thcnard, “ Rcehcrches pln-sic*o- 
chimiques,” 1811, 1 , ICl), but at high tempera- 
tures form nitrates. Nitrous oxide is analj-scd 
by explosion with hydrogen (Hcmpcl and lloy- 
mann, Z. Elektrochom. 1906, 12, GOO). Hydro- 
gen bums in nitrous oxide with an enlarged 
flame and its ignition temperature is lower than 
in oxj-gon (Dixon and Higgins, iMnnch. Jlem. 
1926-27, 71, 15). The velocity of the explosion 
wave in H 2 +N 2 O in m. per sec. at various 
initial pressures (Dixon, Phil. Trans. 1893, 184, 
97) is: 600 mm., 2,094 ; 760 mm., 2,307 ; 1,000 
mm., 2,302. The vclocitj’ is higher in mixtures 
richer in hydrogen. The velocity of detonation 
in tho CO-{- NrjO mixture is 1,10G*5 m. per sec. 
(Bcrthclot and Vicille, Ann. Chim. Phj's. 1883, 
[y], 28, 289). Mixtures of N„0 and carbon 
msulphide vapour c.xplodo with a blue actinic 
flame, the maximum light emission being for 
^0 ratio CS 2 :N 20 = 1 ; 3-5 (Van Liempt and de 
'nond, Rec. trav. chim. 1933, 52, 862). lili.v- 
tures of N nO and N H 3 are explosive (Dixon, l.c.). 

Nitric Oxide, NO, was tho first oxide 
of nitrogen investigated by Priestley (1772) 
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(“ Experiments and Observations on Air,” 
1774, Vol. I, p. 108; Meldrum, J.C.S. 1933, 
902). It is formed by direct union of oxygen 
and nitrogen by several methods. It is pro- 
duced, together with ozone (the production of 
which it inhibits), by the action of the silent 
electric discharge (Manchot, Ber. 1908, M, 471), 
when air is passed slowly over a glowing Nernst 
filament (Fischer and Marx, ibid. 1906, 39, 
3631), in the electric arc and spark discharges 
in air, in various flames (of hydrogen, carbon 
monoxide, ethylene, etc.), and at white-hot 
solid surfaces (Haber and Coates, Z. physikal. 
Chem. 1909, 69, 337). Nitric oxide results from 
a cold direct-current discharge from an oxide 
cathode in a mixture of nitrogen and oxygen at 
6 mm. pressure, the velocity of formation being 
constant for nitrogen contents from 20 to 80% 
and zero outside these limits (Schwab and Loeb, 
ibid. 1924, 114, 23). 

In the combustion of hydrogen in air at 
ordinary pressures practically no nitric oxide is 
formed, but at 20 atm. pressure 0-3 mol. of NO 
is formed for 100 mol. of water. With an equi- 
moleoular mixture of nitrogen and oxygen the 
yield is stiE smaE at low pressures but is at least 
3 mol. of N O per 100 mol. of water at 15 atm. 
pressure, there being Ettle increase in the yield 
up to 50 atm. pressure (Wolokitin, Z. Elektro- 
chem. 1910, 16, 814). Nitric oxide is formed 
in appreciable amount in the combustion of 
hydrogen in oxygen eontaining a Ettle nitrogen 
(Kolbe, Annalen, 1861, 119, 176). 

A high temperature favours a rapid rate of 
formation and a high yield of nitric oxide from 
nitrogen and oxygen, but also favoms its dis- 
sociation, so that rapid cooEng is necessary 
(Nernst, Z, anorg. Chem. 1906, 49, 212 ; Haber, 
et al., Z. Elek'rochem, 1910, 16, 810; Fischer 
and Hene, Ber. 1912, 45, 3652 ; 1913, 46, 603 ; 
Koenig, ibid. 1913, 46, 132; v. Nitbogen, 
Atmospheric, Utilisation of, p. 644a). 

Nitric oxide is formed in smaE amount by 
sparking a mixture of nitrogen and steam, or 
passing it through an iridium tube at 2,000° 
(Tower, ibid. 1905, 38, 2945) : 

N2-b2Ha0^2N0-b2H2. 

Nitric oxide is produced by the action of a 
variety of reducing agents on higher oxides of 
nitrogen, and on nitrous and nitric acids : 

1. The action of nitric acid of p 1-2 (equal 
volumes of concentrated acid and water) in the 
cold on copper, conveniently in the form of 
turnings (MElon, Ann. Chim. Phys. 1842, [ui], 
6, 73, 95; 1843, [Ei], 7, 320; Stansbie, J.S.C.I. 
1913, 32, 311) : 

3Cu-b8HN0s=3Cu(N03)2-)-4Ha0-f2N0. 

The successive addition of smaE amounts of 
concentrated nitric acid to copper turnings 
covered with water has also been recommended. 
The gas 'SO prepared, espeoiaEy in the later 
stages of the reaction, contains nitrous oxide 
(Carius, Annalen, 1855, 94, 138). It may be 
purified by dissolving in cold ferrous sulphate 
solution and expelling again by warming 
(Carius, l.c . ; Oppenheimer, Ber. 1903, 36, 1744). 
Kaemmerer (ibid. 1885, 18, 3064) dropped con- 
centrated sulphuric acid on copper foE in 


saturated sodium nitrate solution. Rennie, 
Higgin, and Cooke (J.C.S. 1908, 93, 1162) find 
that Cu(N 05)2 strongly accelerates the re- 
action between Cu and HNO3; NaNOg 
accelerates it, and RbNOj and CsNOg may 
either accelerate or retard it (ibid. 1911, 99, 1035). 

2. Heating a solution of an alkaE nitrate and 
ferrous chloride in hydrochloric acid (Pelouze, 
quoted by Gay-Lussac, Ann. Chim. Phys. 1848, 
[ui], 23, 216) : 

6FeCl2-)-2NaN03-f8HCl 

=6FeCl3-t-2NaCI-l-4H20-f 2NO ; 

or heating a solution of nitric acid or an alkaE 
nitrate, ferrous sulphate, and dUute sulphuric 
acid: 

6FeS04-f2HN03-)-3H2S04 

=3Fe2(S04)3-l-2N0-t-4H20. 

This product is much purer than that obtained 
by process (1). 

3. The action of ferric chloride solution on 
sodium nitrite : 

FeCl3-h3NaN02=Fe(N02)3-f3NaCl 

2Fe(N02)3-k3H20 

=2Fe(0H)3-l-3N02-}-3N0. 

If the sodium nitrite is placed under carbon di- 
sulphide and a suspension of ferric chloride in 
carbon disulphide added, the NOg remains in 
solution and nitric oxide is evolved (Matuschek, 
Chem.-Ztg. 1905, 29, 31). 

4. Dropping a solution of sodium nitrite and 
potassium ferro cyanide into dEute acetic acid 
gives a very pure gas (Deventer, Ber. 1893, 26, 
589) : 

Fe(CN)6""-i-N02'-f-2H- 

= Fe(CN)e'"-f NO-t-HgO. 

6. Dropping 60% sulphuric acid into a con- 
centrated solution of equimolecular amounts of 
potassium iodide and sodium nitrite gives very 
pure nitric oxide (Winkler, ibid. 1901, 34, 1412 ; 
Johnston and Giauque, J. Amer. Chem. Soc. 
1929, 51, 3194) : 

2N02'-f2l'-f4H-=2N0-M3-f2H20. 

6. The action of ferrous chloride and hydro- 
chloric acid on sodium nitrite (Thiele, Annalen, 
1889, 253, 246) : 

NaN02-fFeCl2-}-2HCI 

= FeCl3-fNaCI-)-H20-fN0. 

7. Passing sulphur dioxide into warm nitric 
acid of p 1-15 (Weber, Ann. Phys. Chem. 1867, 
130, 277) : 

3S02-l-2HN03-f2H20=3H2S04-l-2N0. 

8. Agitating mercury with a solution of nitric 
acid or a nitrate in concentrated sulphuric acid 
(Crum, Annalen, 1847, 62, 233 ; Emich, Monatsh. 
1892, 13, 73) : 

2HN03-i-6Hg-h3H2S04 

=3HgaS04-i-4H20-h2N0 . 

This reaction occurs in Lunge’s nitrometer (Ber 
1878, 11, 434). 
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9. Dropping concentrated sulphuric acid on 
sodium nitrite covered with water (Noyes, 
J. Amer. Chem. Soc. 1926, 47, 2170) : 

SNaNOa+SHjSOi 

=3NaHS04+ HN03+H20+2N0. 

10. Electrolysis of a mixture of nitric and 
nitrous acids (Meister, Lucius, and Briining, 
G.P. 244362, 1912) at the ordinary temperature. 

The gas is purified by absorption in cold 
ferrous sulphate solution and expelling it again 
by gentle heating, when the first portion (only) 
of the gas is pure (see Carius, under (1) above), 
so that this process should not be used with pure 
gas prepared by method (4), (5), or (8). 

Moser (Z. anal. Chem. 1911, 50, 401) considore 
that methods (5) and (8) are the best, but (4) is 
very convenient and gives a pure gas (Partington 
and Shilling, Phil. Mag., 1923, [vi], 45, 416). 

Properties. — ^Nitric oxide is a colourless gas, 
sparingly soluble in water and (unlike nitrous 
oxide) liquefied only with difficulty. Its struc- 
ture is uncertain, since the molecule contains an 
odd electron (as is shown by the paramagnetism 
of the gas), but it is probably best represented ns 

a resonance hybrid between the forms :N::0: 

and :N::0: which may be’symboliscd as a mole- 
cule with a three-electron bond (Pauling, J. 

Amer. Cliem. Soc. 1931, 53, 3225) :N :: 0:, which 
stabilises the molecule so that it does not as- 
sociate to N 2^2’ except perhaps in the liquid 
state or when adsorbed on surfaces. This formula 
is in agreement with the small dipolo moment of 
the gas, which indicates that the molecule has a 
high degree of symmetry. 

The normal density is 1-3402 g. per 1. (Gray, 
J.C.S. 1905, 87, 1601 ; Guyo and Davila, Conipt. 
rend. 1905, 141, 826). The gas shows only a 
small divergence from Bo 3 do’s law at lower pres- 
smes (Jaquerod and Scheucr, ibid. 1905, 140, 
1384). The coefficient of expansion (mean 
between —135° and 0°) is 0-0037074 (Adwon- 
towski. Bull. Acad. Sci. Cracow, 1909, 742). 
The viscosity is (Trautz and Gabriel, Ann. 
Physik, 1931, 11, 606) : 

t°0. ... 20 50 100 150 200 250 
5yxl07 , . 1,882 2,032 2,272 2,492 2,704 2,885 

and the Sutherland constant G=167 (Vogel, 
ibid. 1914, 43, 1235). The dielectric constant 
is 1-00593 at 26° and the dipole moment 0-16 n. 
(Watson, Rao, and Ramaswamy, Proc. Roy. 
Soc. 1933-34, 143, 658). The gas is paramag- 
netic, the specific magnetic susceptibility being 
X=48-8xl0-'> at 20° (Son6, Sci. Rep. TOhoku, 
1922, 11, 139). The moment of inertia is not 
accurately known, the values given varying 
between 2-2x10““ and 24-8x10“^“ g.-cm.^; 
Snow, Rawlins, and Rideal (Proc. Roy. Soc. 
1929, 124, 463) found 16'4x 10“^® g.-cm.® 

The refractive index of the gas is 1-000297 for 
sodium light (Mascart, Compt. rend. 1874, 78, 
617), 1-0002939 for A=689 mp. (Cuthbertson and 
MetcaHe, Proc. Roy. Soc. 1908, 80, 406; cf. 
^nes and Partington, Phil. Mag. 1915, 29, 28). 
The thermal conductivity at 65° is fc=646xl0-'' 
g.-cal. per cm. per sec. per degree (Todd, Proc. 
Roy. Soc. 1910, 83, 19). 
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The specific heat of the gas is Gp=7-26 at 65 
and 7-26 at 16° (in g.-cal. per g.-mol.) (House, 
Ann. Physik, 1919, 59, 86) and tho ratio of 
specific heats Cy/ct)= 1-400 at 7-6°, giving Gt!=4-99 
and C';,=6-99 g.-cal. per g.-mol, (Partington and 
Shilling, Phil. Mag. 1923, [vi], 45,416; theoretical 
values in Johnston and Chapman, J, Amer. 
Chem. Soc. 1933, 55, 163; and Witmer, ibid. 
1934, 66, 2229). Tho entropy and free energy aro 
calculated bj' Witmer (l.c.; cf. Johnston and 
Chapman, l.c.). 

The critical constants arc L=— 93-5° and 
pc=71-2 atm. and tho critical density 0-520 g. 
per ml. (Olszewski, Compt. rend. 1885, lOO, 
940). Tlio density of tho liquid at tho boiling- 
point is unusually high, 1-269 (Adwentowski, 
Bull. Acad. Sci. Cracow, 1909, 742; cf. Choes- 
man, below) and, Avith tho vnpour-pressuro 
curve, is thought to indicate association to 
NjOo. The 6oi7t7i[7-poi7i< is -153-6° (Olszewski, 
l.c.) or 121-36° K. (Johnston and Giauque, J. 
Amor. Chem. Soc. 1929, 51, 3194 ; no value for 
tho absolute temperature of 0°o. is given) ; 
tho liquid is blue. T1)0 vapour pressures of tho 
liquid aro given by log pctn.=— IIO/T— 0-002364r 
-t-8-602128 (Johnston and Giauque, l.c.). Tho 
latent heat of evaporation at t!io boiling-point is 
3,292-6 g.-cal. per g.-mol. (Johnston and 
Giauque, l.c.) and tho surface tensioius, y, and 
densities of the liquid (Cliecsman, J.C.S, 1932, 
889) : 

Pc -1C3 -350 -153-0 

y dj-ncs per cm.. . . 27-79 24-12 22-11 

Density, p. per ml. . . 1-332 1-277 1-227 

Tho melting-point is -167-0° (Olszewski, l.c.) or 
tho triple point 109-49° k. (Johnston and 
Giauque, l.c.); tho solid is blue. Tho vapour 
pressure of tho solid at tho melting-point is 138 
mm. (Olszewski, l.c.) or is given by tho equation 
logpm — ~867/7’-1-0-00076T-}-9-05125 (Johnston 
and Giauque, l.c.). Tho density of tho solid at 
20--4° K. is 1-57 (Heuse, Z. physikal. Chem. 1930, 
147, 226) and at 0°K. is calculated ns 1-68 
(London, ibid. 1930, B, 11, 222). The latent heat 
of sublimation is 3,863 g.-cal. per g.-mol. (Gold- 
schmidt, Z. Ph 5 'sik, 1923, 20, 159). Tho 
specific heats of tho liquid and solid have been 
determined down to 16-5° k. (Johnston and 
Giauque, l.c.). 

Hic heat of formation of NO (which is en- 
dothermic) at room temperature is —21,676 g.- 
cal. ( J . Thomsen, '* Thorinochomischo Unter- 
suchnngon," Leipzig, 1882, Vol. 11, p. 198) 
or —21,600 g.-cnl. per g.-mol. (Bcrtholot, 
Compt. rend. 1880, 90, 782). 

Tho Bunsen absorption coefficient, a, in water 
(Winldor, Bor. 1901, 34, 1408; Z. physikal. 
Chem, 1892, 9, 171) is: 


"c. 

a 

°0. 

a 

0 

0-07381 

40 

0-03507 

5 

0-00401 

50 

0-03152 

10 

0-05709 

00 

0-02054 

16 

0-05147 

70 

0-02810 

20 

0-04700 

80 

0-02700 

25 

0-04323 

00 

0-02048 

30 

0-04001 

100 

0-02023 


Tho gas is more soluble (0-310 at 0°, 0-286 at 
10°, 0-2059 at 20°) in alcohol than in water 
(Carius, Annalen, 1886, 94, 138). It is only 
sparingly soluble in concentrated sulphuric acid 
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(Lunge, Ber. 1885, 18, 1391 ; Tower, Z. anorg. 
GLem. 1906, 50, 382). 

Nitric oxide is the most stable oxide of nitro- 
gen. At 700° only 0-5% is dissociated into nitro- 
gen and oxygen, and at 1,000° only 3—4%. The 
kinetics of the change 2 NO=N 2 d -02 (Muth- 
TTiBTin and Hofer, Ber. 1903, 36, 438 ; Nemst, 
Z. anorg. Chem. 1906, 49, 213 ; Jellinek, ibid. 
1906, 49, 229; Erode, Z. Elektrochem. 1905, 
11, 752; Briner and BoubnofF, Compt. rend. 
1913, 156, 228; v. Niteogbn, Atmospheric, 
llTmiSATioir OF, p. 558d) have been studied at 
various pressures (up to 700 atm.) and tempera- 
tures (—90° upwards). A secondary reaction 
is 4N0=2N20-i-02, and NOg is formed at 
lower temperatures by the action of the oxygen 
formed in the decomposition on the imchanged 
NO (Guye and Schneider, Helv. Chim. Acta, 
1918, 1, 33). 

At ordinary temperature nitric oxide com- 
bines with oxygen to form a red gas, nitrogen 
peroxide, NO 2 and NjO^, by a termolecular 
reaction: 2 N 0 -b 02 = 2 N 02 ; according to 
Emich (Monatsh. 1892, 13, 86), Chapman 
(J.C.S. 1937, 1991), and Stoddart (ibid. 1939, 5) 
even if the gases are dried -with phosphorus 
pentoxide, whilst Baker (J.C.S. 1894, 65, 611 ; 
1929, 1661) states that the very dry gases do hot 
react. According to Easchig (Z. angew. Chem. 
1904, 17, 1398, 1777) and Sanfourche (Compt. 
rend. 1919, 168, 307, 401) the first very rapid 
stage of the reaction, independent of temperature 
between —50° and 625°, is 4 NO-l- 02 = 2 N 203 , 
which is followed by a slower reversible reaction : 
2 N 203 -h 02 4 NO 2 . Easchig (Easchig and 

Prahl, Z. angew. Chem. 1929, 42, 263) afterwards 
abandoned this h3T3othesis (which still appears 
in the technical literature) and it is now generally 
recognised that the oxidation proceeds directly 
to NOj by a termolecular reaction, the first 
half of the reaction being much faster than the 
second, which produces an illusion of an oxida- 
tion in stages (Bodenstein, Z. Elektrochem. 1918, 
24, 183 ; Z. angew. Chem. 1918, 31, i, 146 ; of. 
Todd, PhU. Mag. 1918, 35, 281, 435; Briner 
and Fridori, Helv. Chim. Acta, 1918, 1, 181; 
Trautz, Z. Elektrochem. 1919, 25, 4 ; Wourtzel, 
Compt. rend. 1920, 170, 109, 229 ; Briner and 
Malet, J. Ch'm. phys. 1923, 20, 173; Briner, 
Pfeiffer, and Malet, ibid. 1924, 21, 26, 46, with 
bibliography ; Hasche, J. Amer. Chem. Soc. 
1926, 48, 2253; Komfeld and Klingler, Z. 
physikal. Chem. 1929, 4B, 37 ; Berthoud, 
J. Chim. phys. 1933, 30, 337 ; Smith, J. Amer. 
Chem. Soc. 1943, 65, 74). According to 
Wourtzel (l.c.) the velocity of oxidation is given 
by 

^Psoldt = ifcpNOPOj 

where < is in seconds and p is in mm. Hg, and 
the velocity coefficient at different temperatures 
is : 


rc. 

lOU- 


0 25-2 85-5 100 160 

10-63 8-73 5-69 4-8 3-35 


The negative temperature coefficient of k has 
been explained by supposing that nitric oxide 
reacts in the form (NO) 2 , the equilibrium 
(N 0 ) 2 ^ 2 N 0 being displaced to the right 
with rise of temperature. The oxidation re- 


action is catalysed by silica gel (Hasche and 
Patrick, J. Amer. Chem. Soc. 1926, 47, 1207; 
Saposhnikov, Okatov, and Susarov, J. Euss. 
Phys. Chem. Soc. 1929, 61, 1363 ; Szego and 
Guacci, Gazzetta, 1931, 61, 333 ; Verhoek and 
Daniels, J. Amer. Chem. Soc. 1931, 53, 1260, 
for the reaction N 0 - 1 -N 02 =N 203 ). 

Under high pressure in sealed tubes N O gas 
and liquid decompose, the change being first 
apparent at about 28 atm. and rapid at 700 atm., 
and drops of blue liquid N^Og separate: 
6 N 0 = 2 N 203 -f Ng. If hydrogen chloride is 
present nitrosyl chloride is formed : 

N 203 -t- 2 HCI= 2 N 0 Cl-}-H 20 

(Briner and Wroczynski, Compt. rend. 1909, 
149, 1372; Briner, Biedermann, and Eothen, 
Helv. Chim. Acta, 1926, 8 , 923; Briner, ibid. 
1942, 25, 1615). 

The same change occurs in presence of water 
or alkali (when nitrite is formed from the NjOg), 
so that the gas cannot be kept in a pure state 
over water (Gay-Lussac, Ann. Chim. Phys. 
1816, [ii], 1, 394 ; Eussell and Lapraik, J.C.S. 
1877, 32, 36 ; Cooke, Chem. News, 1888, 58, 
103, 156) although the dry or moist gas can be 
kept over mercury for any length of time 
(Emich, Monatsh. 1892, 13, 90; Zimmermann, 
ibid. 1905, 26, 1277 ; Moser, Z. anal. Chem. 
1911, 50, 401; Barnes, J.S.C.I. 1926, 45, 259 t; 
J.C.S. 1931, 2605). Nitric oxide is decomposed 
by finely divided nickel suspended in hot water 
with the production of nitrogen and nickel oxide 
(Felgate, Chem. News, 1913, 108, 178), and some 
metals reduced in hydrogen are readily oxidised 
at a comparatively low temperature with for- 
mation of nitrogen. 

According to Schonbein (whose statements are 
frequently inaccurate) nitric oxide is oxidised to 
nitrous and nitric acids by hydrogen peroxide, 
to nitrite by suspensions of PbOg, Pb 304 , 
IVlnOg, and AggO in water, to nitrate by 
potassium permanganate, and to nitric acid by 
iodine. Chlorine dioxide gives NOj, and hypo- 
chlorous acid forms nitric acid (Balard). In the 
dry state nitric oxide acts on many oxidising 
agents, forming nitrite and nitrate (Auden and 
Fowler, Chem. News, 1895, 72, 163). When 
nitric oxide is bubbled through liquid oxygen, or 
when air acts on solid NO at —185°, or when an 
electric discharge is passed through liquid air, a 
green solid is formed which has been variously 
described as NgOg (Helbig, Atti E. Accad. 
Lincei, 1903, 12, 166), NO 3 (F. Easchig, Chem.- 
Ztg. 1911, 35, 1096; “ Schwefel- rmd Stick- 
stoffstudien,” Verlag Chemie, 1924, p. 20), and 
N 3 O 4 (Hasche, J. Amer. Chem. Soc. 1925, 47, 
2143) . At a slightly higher temperature it forms 
blue NgOg. 

Nitric oxide and hydrogen chloride at —180° 
form a solid having an intense purple colour and 
melting at about —160° to a purple liquid. 
The vapour pressure is near that of nitric oxide 
so that the complex is very unstable and is 
probably, in view of its colour, of the type 
[NOH]+CI~ (Eodebush and Yntema, ibid. 
1923, 45, 332). 

Nitric oxide and sulphur trioxide react at 60° 
to form a substance identical with that formed 
from NOg and sulphur dioxide at 200°. This 
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-ivas thought to he 2 S 03 ,N 0 (Manchot, Komg, 
and Eeimlinger, Ber. 1926, 59 [B], 2672), but it 
is identical ndth the nitrosylsulphuric an- 
hydride, O (N0-0-S02)2, or nitrosyl disulphate, 
(N 0 ) 2 S 20 ,, correctly analysed by de la 
Provostaye in 1840 (Ann. Cliim. Phys. 1840, [ii], 
73, 362 ; Pictet and Karl, Bull. Soc. chim. 1908, 
riv], 3, 1114 ; Briner, Lrmge, and Van dor Wijk, 
Helv. Chim. Acta, 1928, 11, 1126; Manchot, 
Ber. 1929, 62 [B], 1261). 

Nitric oxide may be reduced in a vanety ot 
■ways, giving nitrogen, ammonia, and (ivith 
hydrogen sulphide, alkali sulphides, sulphurous 
acid, and phosphine) nitrous oxide. Alkaline 
pyrogaUol reduces it fairly rapidly to nitrous 
oxide, but about 20% is absorbed (Oppen- 
heimer, ibid. 1903, 36, 1744). Hydriodio acid 
forms ammonia, stannous chloride gives 
hydroxylamine and ammonia, and in alkaline 
solution also some hyponitrite. Chromous salts 
in neutral solution give deep-red solutions con- 
taining ammonia; in acid solutions hydroxyl- 
amine is formed, sometimes quantitatively 
(Chesneau, Compt. rend. 1899, 129, 100 ; Kold- 
schiitter, Ber. 1904, 38, 3053). A mixture of 
nitric oxide and h 3 ’drogen when passed over 
heated platinum sponge is violently reduced to 
ammonia (Kulilmann, Annalen, 1839, 29, 272), 
and when passed over heated nickel, ammonia 
and some nitrogen are formed (Sabatier and 
Senderens, Compt. rend. 1902, 135, 278 ; Ncogi 
and Adhicary, Z. anorg. Chem. 1910, 69, 209 ; 
Guye and Schneider, Holv. Chim. Acta, 1918, 1, 
33): 

2N0+2H2=N2+2H20 

2NO-f5H2=2NH3-t-*2H20. 

Reaction begins at 300° and is then very rapid, 
but it still proceeds at 120° when once bcgim. 
No NjO is formed. At 250-300°, 70% of the 
N O is converted into ammonia. When the gas 
mixture NO-pSHj is passed over heated finely 
divided tin, reduced iron or zinc dust, an almost 
quantitative yield of ammonia is obtained 
(Adhicary, Chem. News, 1915, 112, 163). In the 
cold and in presence of water and platinum 
black, some ammonia and hydroxylamine are 
slowly formed from a mixture of nitric oxide and 
hydrogen (Butterworth and Partington, Trans. 
Paraday Soc. 1930, 26, 144). 

Fluorine gives NOgF {q.v.); chlorine and 
bromine form the haUdes NOCI and’ NOBr 
(see “ Halides of Nitrous Acid,” p. 531a), but 
iodine does not react. 

Since nitric oxide is a stable gas — ^it does not 
decompose appreciably below 1,000° — it docs 
not support combustion readily and extin- 
guishes a burning taper, burning sulphur, and 
feebly burning phosphorus. E. Mitscherlich 
(“ Lehrbuch der Chemie,” Mittler, Berlin, 1831, 
Vol. I, p. 347) and Berthelot (Ann. Chim. 
Phys. 1869, [iv], 18, 76) say glowing charcoal 
bums in the gas. Brightly burning phosphorus 
bums brilliantly, a little NO 2 being formed. 
Heated potassium, ^ut not sodium, bums in 
the gas, liberating ^ritrogen (Gay-Lussac and 
Thenard, “ Rechijrciies physico-chimiques,” 
1811, 1, 161). ^ A mixtru’e of nitric oxide and 
carbon disulphide vapomr bums with a brilliant 
blue flame (Berzelius, “ Lehrbuch der Chemie,” 
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Dresden, 1826, Vol. I, Pt. ii, p. 485); in a 
long tube a detonation wave is set up (Dixon, 
PhU. Trans. 1903, 200, 315). Nitric oxide has 
an influence on the reactions in a methane- 
oxygon flame (Reis and Wnldbaucr, Z. physikal. 
Chem. 1913, 85, 02), and in small amounts it 
reacts in many cases with free radicals and 
breaks reaction chains in which they play a 
part (Stavelcy and Hinshelwood, Proc. Roy. 
Soc. 1930, A, iBi, 335; J.C.S. 1930, 812, 818). 

Nitric oxide and oxj’gcn (or air) react rapidly 
in presence of concentrated sulphuric acid to 
form nitrososidphuric acid S 02 ( 0 H)- 0 -N 0 , 
and no nitric acid is formed oven if the oxygen 
is in excess (Lunge, Ber. 1885, 18, 1384) : 

4N0-(-0„-1-4H„S04 

=4S02(0H)-0-N0-1-2H20. 

Wlion rapidly mixed with air or oxj'gen over 
allrali solution almost pure nitrite is formed 
(Gaj^-Lussac, Ann. Cliim. Phys. 1810, [ii], 1, 
394):4N0-b02-f4Na0H=4NaN02-b2H20. 

Nitric oxide reduces nitric acid above a certain 
concentration to NoOg or NO, (Saposhnikov, 
J. Russ. Phys. Chem. Soc. 1901, 33, 506), and it 
is absorbed by phosphoric acid (Reinsch, J. pr, 
Chem. 1843, [i], 28, 385), arsenic acid, and some 
organic acids, and by man}' halides, such na 
those of boron, silicon, copper, bismuth, and 
iron, forming, for example, 2FeCl3,NO (Bcs.son, 
(lompt. rend. 1889, 108, 1012; Thoma.s, Ann. 
Chim. Phys. 1898, [vii], 13, 145). 

Nitric o.xidc, ns Priestley found, is nbsorbed 
by cold ferrous sulphate solution to form a 
black liquid, wliich npparenth* contains nn 
unstable compound [Fe(N 0 )]S 04 witli the 
complex cation Fe(NO)” (Manchot and 
Zcchtonmaj'or, Annalen, 1906, 850, 368; 

Hiifnor, Z. physikal. Chem. 1907, 59, 416; 
Usher, ibid. 1908, 62, 622; Zimmermnnn, 
Monatsh. 1905, 26, 1277), and [Fe(N 0 )]HP 04 
separates in blackish-brown crystals on adding 
alcohol to a ferrous salt solution containing 
ammonium phosphate which is saturated with 
nitric oxide (Manchot and Huttnor, Annalen, 
1910, 372, 153; Manchot, Bor. 1914, 47, 1601, 
1614; Bcllucci, Gazzetta, 1914, 44, ii, 384). 
Nitric oxide is also absorbed by solutions of 
copper, manganese, and nickel salts (Hufner, 
I.C.; Usher, l.c.). A compoxmd of ferrous 
selcnate and nitric oxide, [Fe(N 0 )]Se 04 , 4 H„ 0 , 
separates in brovniish-blnck unstable crystals, 
which lose NO in air, on passing nitric oxide 
to saturation into a concentrated solu- 
tion of ferrous selonate containing a little 
selenic acid, cooling and adding a largo 
excess of absolute alcohol saturated with nitric 
oxide (Manchot and Linckh, Z. anorg. Chem, 
1924, 140, 37). Nitric oxide is nbsorbed by a 
solution of ferric sulphate in 90% sulphimic acid 
to form a deep rod liquid apparently containing 
Fe 2 (S 04 ) 3 ,N O, which can bo obtained in 
crystals mixed with ferric sulphate (Jlanchot, 
Annalen, 1910, 372, 179), and the violet solution 
formed by passing the gas into a solution of 
copper sulphate in concentrated sulphuric acid 
probably contains an imstablo compoimd 
CuS 04 ,N 0 (Manchot, ibid. 1911, 876, 308). 
These coloured compounds wore regarded by 
Raschig (Z. angew. Chem. 1904, 17, 1398 
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1777; 1905, 18, 1281, 1308; 1907, 20, 694; 
Ber. 1907, 40, 4582 ; J.S.C.I. 1911, 30, 166) as 
salts of an acid HgSNOj or 

SO3H 

0=N< 

\OH 


(e.g„ FeSNOj, winch is the same empirical 
formula as Manchot’s [Fe(N0)]S04) and by 
Sabatier (Compt. rend. 1896, 122, 1417, 1479, 
1537 ; 123, 255 ; cf. Lunge and Berl, Z. angew. 
Chem. 1906, 19, 807, 857, 881) as salts of an acid 
NO {80314)2, but Manchot’s formulation, e.g., 
[Fe(N0)]S04, as nitroso-compounds, is usually 
preferred. The black colour formed with ferrous 
sidphate solution is the basis of the so-called 
“ brown-ring test ” for nitrates, described by 
Desbassins de Richemont in 1835 and by 
Wackenroder (Annalen, 1836, 18, 152, 167), both 
of whom mention that the colour is bright-red in 
concentrated sulphuric acid. 

Nitric oxide is slowly absorbed by potassium 
permanganate or dichromate solution (EUing- 
ham, J.C.S. 1932, 1565), but the best absorbent 
is a slightly alkaline solution of sodium sulphite, 
when a compoimd Na2S03(N0)2 is formed. 
This probably has the structure 


2Na- 


\(NO) 


n 


2J 


(Weitz and Achterberg, Ber. 1936, 66 [B], 1718, 
1728). . 

The complex RoxissitCs salts {v. Vol. Vil, 60c) 
and the nitroprussides (v. Vol. m, 477a) are 
also nitroso-compounds, and complex metallic 
ammines containing NO are also known. 

Dinitrogen Trioxide or Nitrous An- 
hydride, N2O3. — The formation of red fumes 
by the reduction of nitric acid by heat and by 
the action of metals was well known to the 
alchemists. Priestley observed their formation 
from nitric oxide and air. He called the product 
“ nitrous vapour ” and made a large number 
of excellent experiments with it, so that his 
“ Experiments and Observations on Air,” 
especially the revised edition (3 vol., 1790) 
may still be consulted with advantage {cf. 
Meldrum, J.C.S. 1933, 902). The existence of 
the oxides NjOg (“ acide pemitreux ”) and NOj 
(“ acide nitreux ”) was first recognised by Gay- 
Lussac (Ann. Chim. Phys. 1816, [ii], 1, 394) 
and by Dnlong {ibid. 1816, [ii], 2, 317) who 
showed that the final product of the combination 
of N O and oxygen, and of the action of heat on 
lead nitrate, is not NgOg (“ acide nitreux ” of 
Dulong) but NOg (“acide hypazotique ” of 
Dulong). E. Raschig (“ Schwefel- und Stick- 
stoffstndien,” Verlag Chemie, 1924, p. 20) for 
long supposed that NgOg, NO3, and NgO, are 
the initial products of the action of oxygen on 
nitric oxide, but he later abandoned these erro- 
neous views (Raschig andPrahl, Z. angew. Chem. 
1929, 42, 611). The researches of Bodenstein 
(Z. Elektrochem. 1918, 24, 183 ; Z. angew. 
Chem. 1918, 31, 145; Z. phjdkal. Chem. 1922, 
100, 68 ; 1936, 175, 294) show quite clearly that 
the only product of the reaction at ordinary 
temperatures is NOg, The green substance 


supposed by Raschig to be N Og can be exactly 
imitated in colour by dipping a test-tube con- 
taining liquid air into liquid nitrogen trioxide 
and then into liquid nitrogen tetroxide, when 
superposed layers of blue and yellow are formed 
(Jluller, Z. anorg. Chem. 1912, 76, 324; 1914, 
86, 230). 

When N O and gaseous N Og are mixed there 
is no change in volume (Ramsay and Cundall, 
J.C.S. 1885, 47, 187, 672 ; 1890, 57, 590 ; Chem. 
News, 1894, 70, 187 ; Lunge and Porschnew, 
Z. anorg. Chem. 1894, 7, 209), hence it was 
argued that no combination occurred, and that 
NgOg is completely dissociated in the gaseous 
state. Dixon and Peterkin (J.C.S. 1899, 75, 
613; Wourtzel, Compt. rend. 1920, 170, 109; 
Purcell and Cheesman, J.C.S. 1932, 826) showed, 
however, that if due allowance is made for the 
displacement of the equilibrium N2O4 ^ 2NOg 
to the right when the volume is increased by 
mixing with NO, according to Gibbs’s formula 
(p. 525c), the results indicate that at 27° the gas 
contains about 3% by volume of NgOg in 
equilibrium with N2O4, NOg, and NO. 

When the red gas is cooled below 0° it con- 
denses to a deep blue liquid which probably 
consists mainly of NgOg molecules, but on 
evaporation this again dissociates almost com- 
pletely into NO, NOg, and N2O4. When the 
blue liquid is dried by prolonged exposure to 
phosphorus pentoxide it becomes green (Gaines, 
Chem. News, 1883, 48, 97) and the vapour 
density (H=l) of the gas formed from this very 
dry liquid was 38T-62-2 {Ng03=38) according 
to the period of drying (4^33 days), but the 
density did not increase regularly with the 
period of drying, the results for 4 and for 22 
days, for example, being the same. The mole- 
cular weights in solution in benzene (on which 
N2O3 is without action) were, however, found 
to be 83-95 (N20g=76). The conclusion drawn 
from these experiments is that very dry nitrogen 
trioxide can exist in the gaseous state as 
N40g {cf. P4OB, ASgOg), but in presence of a 
trace of moisture this breaks up almost com- 
pletely into NO.'NOo, and NgOg (H. B. and 
M. Baker, J.C.S. 1900, 77, 647 ; 1907, 91, 1862 ; 
B. M. Jones, ibid. 1914, 105, 2301). Other 
experimenters (D. L. and M. Chapman, ibid. 
1937, 1991) failed to confirm the higher vapour 
densities of dry nitrogen trioxide. Stoddart 
(J.C.S. -1945, 448) found that phosphorus 
pentoxide forms a compound P205(N0)2 in 
contact with liquid NgOg, and as the latter then 
contains an excess of NgOg its green colour, 
and the higher vapour density, are due to the 
presence of this NgOg. 

In what follows the gaseous product of the 
preparations must be understood to be mainly 
a mixture of nitric oxide and nitrogen peroxide, 
containing perhaps 1 or 2% of NgOg, but the 
blue liquid produced is probably mainly NgOg. 

Preparation. — 1. By the reduction of nitric 
acid of suitable concentration by heating with 
arsenious oxide or starch : 

2 HN 03 -fAs 203 -h 2 H 20 = 2 H 3 As 04 -f NgOg 
18HN03-F2CgH4oOg 

=6C2H204-l-13H20-f9Ng03. 
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Acid of p 1-20 gives NO, acid of p 1’36 gives 
NaO„ and acid of p 1-60 gives practically only 
NO2 (Lrmge, Ber. 1878, 11, 1229, 164:1; 1886, 
18, 1376; Lunge and Porschnow, Z. anorg. 
Chem. 1894, 7, 209; Ramsay and Cundall, 
J.C.S. 1885, 47, 187 ; 1890, 57, 590, recommend 
acid of initial p 1‘6 as most suitable). The acid 
and arsenious oxide are carefully heated on a 
■water bath in a large retort, or a flask ■with a 
splash-trap ; the reaction may become ■violent. 
The gas is dried by calcium chloride and liquefied 
in a glass worm cooled in ice and salt. If 
N2O4 is in excess a bluish-green liquid con- 
denses, which on evaporating in a current of 
nitric oxide and rehquefying gives at —10° an 
indigo-blue liquid, winch is sealed up in a tube. 
Its ready dissociation into NO (b.p. —165°) 
and N2O4 (b.p. 22°) makes it difficult to remove 
the last trace of N2O4. 

The reaction between ASoOj and HNO3 is 
catalysed by small traces (<10“® g,-moI. per 1.) 
of mercruic ions, but retarded by larger amounts, 
and ■with 7-7xl0~® g.-mol. per 1. it does not 
occur (Klemenc and Poliak, Z. anorg. Chcra. 
1921, 115, 131). 

2. By passing an electric arc discharge 
through hquid air, when the NjOj remains 
suspended in the liquid air in the form of a 
flocculent green solid, resembling precipitated 
chromic hydroxide. On evaporation of the 
excess of liquid air it is left as a slightly blue 
amorphous powder, which melts at —111° and 
assumes a deep blue colour, which persists after 
resolidification in liquid air (Helbig, Atti R. 
Accad. Lincei, 1903, [v], 12, 106 ; Fischer and 
Braehmer, Ber. 1906, 39, 940). In the region 
of the arc NO is formed, which in the boiling 
liquid air combines with oxygen to form NjOg. 
This reaction in favourable conditions may be 
quantitative, since N2O4 is solid at temperatures 
below the dissociation temperature of NoO^ and 
the latter is oxidised to N2O4 only above —100° 
(Scarpa, Gazzetta, 1907, 37, ii, 185). 

3. By reduction of liquid nitrogen peroxide 
with gaseous nitric oxide (PeUgot, Ann. Chim. 
Phys. 1841, [iii], 2, 58 ; Lunge and Porschnew, 
I.C.). On saturation and subsequent cooling 
dark blue crystals of N 2O3 separate, m.p. — 103°, 
no other compound being formed. The eutectic 
mixture (N2O4 63-6 and NO 36'4%), melts at 
—112° (Wittorf, J. Russ. Phys. Chem. Soc. 1904, 
36, 857 ; Z. anorg. Chem. 1904, 41, 85 ; Baumo 
and Robert, Compt. rend. 1919, 169, 968). 

4. By the action of 6-6ir. nitric acid on copper ; 
■with more concentrated acid the gas contains 
an excess of NOj (Priestley, quoted by Mel- 
drum, J.C.S. 1933, 902; Bagster, ibid. 1921, 
119, 82). 

6. By the action of water on “ chamber 
crystals ” (nitrososulphuric acid) : 

2S02(0H)-0-N0d-H20 

^2S02(0H)2-bN0-t-N02. 

6 . By the action of water on liquid nitrogen 
peroxide (p. 526d) : 

2N204d-H20^2HN03-fN203. 

Properties.— Nitrogen trioxide at ordinaiy 
temperatures is a brownish-red gas with a 
density corresponding with almost complete 


dissociation into NO and NO,; allowing for 
some polymerisation of NO2 to N2O4, the 
density shows that a little N2O3 is also present 
in the gas (Ramsay and Cundall, ibid. 1890, 
57, 690 ; Lunge and Porschnew, l.c . ; Dixon 
and Poterkin, J.C.S. 1899, 75, 613 ; Wourtzel, 
Compt. rend. 1920, 170, 109). The dbsorplion 
spectra of gaseous N2^.'i NOo uro idcnticnl 
(Moser, Ann. Pliys. Chem. 1877, 10, 139). 
The blue liquid has no definite boiling-point, 
but at —21° the composition i.s^ very close to 
N2O3 (Francosconi and Sciacca, Gazzetta, 1904, 
34^ i, 447) ; from the vapour pressure curves 
between —80° and 36° the boiling-point of pure 
NjOg would appear to bo — 27°/700 mm. 
(Baumo and Robert, l.c.). After prolonged 
drjdng over phosphorus pontoxido the tompora- 
turo of the hquid can bo raised to 43° vrithout 
any appearance of ebullition (H. B. and !M. 
Baker, J.C.S. 1912, 101, 2339). The density of 
the liquid at 0° is 1*4490 (Goiithor, Annalcn, 
1888, 245, 90; the specimen began to boil at 
3*5°). 

Pure nitrogen trioxido exists only in the solid 
state at very low temperatures or in the liquid 
state under pressure of nitric oxide, and it 
dissociates above —100°: it cannot bo distilled 
in vacuum because of dissociation, but it might 
be possible to distil it under pressure in nitric 
oxide (Baumo and Robert, l.c.). 

The specific magnetic susceptibility of the liquid 
is x'=— 0’21xl0~® and of the solid y=— 0 03 
xl0-« (Son«5, Sci. Rep. TOhoku, 1922, 11, 139) ; 
the fact that it is diamagnetic suggests that, in 
spite of its intense colour, the substance consists 
of molecules NO*0*NO or O^N-NO. 

As usually prepared, liquid'nilrogen trioxido 
mixes ■Nrith water to form a bluo-grccn liquid 
which above 0° evolves nitric oxide, and on 
dilution forms nitrous acid ; according to Baker 
(l.c.), it is practicallj* insoluble in water, in which 
it sinks, forming NO and NjOj, the latter dis- 
solving in the water. "With concentrated sul- 
phuric acid nitrososulphuric acid (sec p. 5325) is 
formed. 

Oxj'gcn docs not react with nitrogen trioxido 
below -110°. Above -100° N„03 is o.xidised 
by oxj'gen to N204 and below -150° N2O4 is 
reduced by NC) to N2O3 (Francosconi and 
Sciacca, ?.c.). NjOg oxidises metals, forming 
NO at low temperatures and nitrogen at 
higher temperatures. The gas is absorbed by 
alkalis and more rapidly than NO„, a nitrite 
being formed, so that tho equilibrium' 

NOh-NOo^ N2O3 

must bo existent to some extent in tho gas mix- 
ture, tho N2O3 being quickly renewed ns it is 
absorbed : 

N203-b2Na0H=2NaN02-l-H20 

(Ite Blanc, Z. Eloktrochom. 1906, 12, 644). 
Liquid nitrogen trioxido is instantly absorbed 
by sodium hydroxide at -22°, whilst liquid 
”2^4 reacts only slowly (Foerstor and Blicb, 
Z. angow. Chem. 1910, 23, 2017). Dry nitrogen 
tnoxido is quantitatively absorbed by dry potas- ^ 
^m hydroxide (lOingor, ibid. 1914, 27, 7). 
From a mixture of NO and NOj only NO„ 
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is absorbed by potassium iodide 
(Easchig and Prahl, ibid. 1929, 42, 253) : 

2(N02+N0)+2KI=2KN02+l2+2N0. 

Nitrogen Dioxide, NO2, and Dinitrogen 

Tetroxide, N2O4 (“ nitrogen peroxide ” is the 
name commonly used for the gaseous equilibrium 
mixture: N204^2N02; Graham, “Ele- 
ments of Chemistry,” 1860, Vol. I, p. 344). 
This oxide can exist in the form NOj only 
within narrow temperature limits : at low 
temperatures the polymer N2O4 is the stable 
form, and at higher temperatures (above 140°) 
NO2 dissociates into NO and oxygen. 

Preparation. — 1. By oxidation of nitric oxide 
by oxygen: 2N0-|-02=2N02. Dry gaseous 
NO and Oj in the volume ratio 2:1, weU mixed 
by passing through a tube filled with glass 
or porcelain fragments, condense at — 20° to 
a colourless crystalline mass of N2O4 (Dulong, 
Ann. Chim. Bhys. 1816, [ii], 2, 317 ; Peligot, 
ibid. 1841, [iii], 2, 58). Similarly, the gas_ re- 
sulting from the action of concentrated nitric 
acid on arsenious oxide (p. 522<i) is converted by 
excess of oxygen into N2O4. 

Mandle and Euss (Z. angew. Chem. 1908, 21, 
48G) state that the rate and extent of union of 
N O and O2 is afFected by the character of the 
oxygen ; for example, electrolytic oxygen is 
more active after passing over heated palladium, 
and ozonisation retards the action. Holwech 
(ibid., 2131) found that combination is prac- 
tically complete, and the velocity of reaction 
the same, with oxygen from different sources. 

According to Francesconi and Sciacca (Gaz- 
zetta, 1904, 34, i, 447), at liquid air tempera- 
ture nitric oxide and oxygen form nitrogen 
tetroxide even if both are in the gaseous state, 
provided the temperature is below —110°. 

2. By passing nitric acid vapour through a 
heated tube : 

4HN03^4N02-f-2H20-b02. 

3. By the action of concentrated nitric acid 
on copper or bismuth : 

Cu-)-4HN03=Cu(N03)2-i-2N02-f2H20. 

The gas was discovered in this way in 1777 by 
Priestley (“ Experiments and Observations on 
Different Kinds of Air,” Birmingham, 1790, 
Vol. m, p. 116), who also obtained it by 
method (4). He called it “ nitrous acid vapour ” 
and made many interesting experiments with it. 

4. By heating dry lead nitrate in a hard glass 

tube and passing the gas (which may be &ied 
by passing over calcium chloride) through a 
glass worm-tube cooled in a mixture of ice and 
salt to condense the nitrogen dioxide to liquid 
(Priestley, 1777 ; c/. Meldrum, J.C.S. 1933, 

905 ; D^ong, l.c.) : 

2 Pb(N 03)2=2 Pb0-(-4N02-f02. 

Copper nitrate (which cannot be dried Tvithout 
decomposition) decomposes similarly on heating. 
Alkali nitrates evolve NOj when electrolysed 
in the fused state (Bogorodsld, J. Euss. Phys. 
Chem. Soo. 1905, 37, 703). 

6. By the action of fuming sulphuric acid on 
a homogeneous mixture of alkali nitrite and 


nitrate made by fusing the salts together. 
sufBcient NaHS04 from a previous preparation 
is added to fix any free sulphur trioxide present 
(Winand, G.P. 193696, 1907) : 

NaN 02 +NaN 03 -bH 2 S 20 , 

=2NaHS04-f2N02 

S03-l-2NaHS04=Na2S207-)-H2S04. 

6. By warming nitrososulphuric acid (cham- 
ber crystals) with dry potassium nitrate (Girard 
and Pabst, Bull. Soc. chim. 1878, [ii], 30, 631 ; 
Park and Partington, J.C.S. 1924, 125, 72) : 

N0HS04-1-KN03=N204+KHS04. 

Sulphur dioxide is passed slmoly into 100 c.c. 
of fuming nitric acid in a stoppered retort, well 
cooled in a good freezing mixture of ice and salt, 
until a pasty mass of chamber crystals forms. 
240 g. of dry powdered KNO3 are added, the 
mixture stirred with a glass rod, and the retort 
gently heated on a water bath, the nitrogen 
peroxide being condensed in a worm-tube cooled 
in ice and salt. 

7. By adding excess of phosphorus pentoxide 
to the blue liquid NgOg and then fuming nitric 
acid drop by drop till the liquid, kept well cooled 
in a freezing mixtrue, becomes yellow. The 
mixture is then distilled (Eamsay and Cundall, 
J.C.S. 1890, 57, 690; 1891, 59, 1076): 

2HN03+P205=N203+2HP03 

N203-bN203=2N204. 

Properties . — ^Nitrogen peroxide at the ordinary 
temperature can exist as a dark orange-red 
corrosive gas with a peculiar unpleasant suffo- 
cating odour, and it is dangerously poisonous. 
At higher temperatures the colour of the gas 
first darkens, owing to dissociation of N2O4 into 
NOj, then at higher temperatures it becomes 
paler and finally coloiuless, owing to dissocia- 
tion of NOg into NO and oxygen. On cooling, 
the gas condenses to a dark orange-red liquid, 
boiling-point 21-97° (Thorpe and Eodger, Phil. 
Trans. 1895, 185, 451), 21-2° (Scheffer and 
Treub, Proc. K. Akad. Wetensch. Amsterdam, 
1911, 14, 636 ; Z. physikal. Chem. 1913, 81, 
308) or 21-9° (Bousfield, J.C.S. 1919, 115, 46). 
The boiling-point is said to be raised by in- 
tensive di^^g (H. B. and M. Baker, ibid. 1912, 
101, 2339). After drying by repeated distil- 
lation over phosphorus pentoxide for a period 
of 4r-6 months the vapour pressure of nitrogen 
peroxide was greater than the normal value by 
as much as 25 mm. After a sudden change in 
temperature, the corresponding change in 
vapoiu- pressure of the dry substance was 
established slowly, several hours being required 
to attain a steady value (Smits, Z. physikal. 
Chem. 1927, 129, 33 ; Smits, de Liefde, Swart, 
and Claassen, J.C.S. 1926, 2657). Stoddart 
(ibid. 1945, 448) found, however, that phos- 
phorus pentoxide reacts with nitrogen peroxide 
to form a compound P205(N0)2, and the 
apparent increase of vapour pressure on drying 
is due to the oxygen evolved. The dried liquid 
has the normal vapour pressure. The colom- of 
the liquid and its change with temperature are 
not affected by drying for several years over 
phosphorus pentoxide (Partington, unpublished), 
so that this does not seem to have any effect on 
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the equilibrium : N2O4 ^ 2NO2 in the liquid 
state. 

At 10° the Uquid is pale yellow : it solidifies in 
a good fi’eezing mixture (it supercools strongly) 
to a nearly colourless solid, mellivg-point — 10-1° 
(Ramsay, ibid. 1890, 57, 590; Z. pbysikal. 
Chem. 1890, 5, 221), -10-95° (Bruni and Berti, 
Atti R. Accad. Lincei, 1900, 9, i, 321), —10-8° 
(Scbefier and Treub, l.c.), or —10-5° (Egerton, 
J.C.S. 1914, 105, 647). Tbo critical temperature 
is 158-2° (Scbe&r and Treub, l.c.) or 158-4° 
(Bennewitz and Windiscb, Z. pbysikal. Cbcm. 
1933, A, 166, 416), tbe critical pressure 100±2 
atm. (Sebeffer and Treub, Z.c.), tbo crili<Ml 
density 0-570 g. per ml. (Bonneufitz and Win- 
discb, l.c.). 

In tbe sobd state at low temperatures tliis 
oxide probably consists entirelj' of colourless 
N2O4, and tbo bquid, except near tbo boiling- 
point, is also largely N2O4. 

Tbo vapour pressures of tbo liquid and sobd 
bave been investigated by Guyo (J. Cbim. pbys. 
1910, 8, 473), Sebeffer and Treub (/.c.), and 
Egerton (Z.c .) ; tbe latter gives : 


Tempera- 
ture, °o. 

PreBSuro in 
mm. 

Tempera- 
ture, “ 0 . 

Pressure In 
mm. 

-SO 

39-24 

-70 

0-161 

-40 

9-77 

-80 

0-030 

-50 

2-44 

-90 

00093 

-60 

0-005 

-100 

0-0023 


Tborpe (J.C.S. 1880, 37, 224) found 1-4903 at 
0°, and Bousfield (ibid. 1919, 115, 45) found -. 

i°C. . 0-08 7 11 16 18 20 

p . . 1-4925 1-4770 1-4082 1-4591 1-4521 1-44 <5 

and represented tbe specific volume (ml. per g.) 
by tbo equation : 

i;=0-67027-fO-0010076Z-{-0-000003Z= 

wbibt according to Tborpo (Z.c.) 1 vol. at 0° 
becomes at 

t“c. . . 5 10 15 20 

1-00789 1-01673 1-02370 1-03190 vol. 

Pascal and Gamier (Bull. Soc. cbim. 1919, [iv], 
25, 309) find that tbo density of tbo liquid, 
between 0° and tbo boiUng-point, at tbo tempera- 
ture t can bo represented by 1-490-0-00215?. 

Tbo vapour density of tbo gas ns determined 
by various experimenters is reviewed b}- 
Sebreber (Z. pbysikal. Chem. 1897. 24, 051) who 
gives the following percentage dissociations of 
N2O4 into NO2 at 760 mm. pressure : 

27° 00° 103“ 160“ 109“ 

16-08 68-88 89-44 PS-45 99-8 J 

(above 140° some dissociation of NO, into NO 
and O, occurs). 

The vapour densities are also represented by 
an equation duo to J. Willard Gibbs (“ Scientific 
Papers,” 1906, Vol. I, p. 378; J. R. Partington, 
“Chemical Thermodynamics,” Constable, 19-10, 
p. 99) : 


and the formula : logp=— l,326-0/I’-l-3-3641og7’ 
-0-8950 (p in mm. Hg, r=absoluto tempera- 
ture), is valid up to 120°. 

Scbefier and Treub give for tbo solid and 
Uquid (m.p. -10-8°) : 


Tempera- 
ture, °o. 

Pressure in 
min. 

Tempera- 
ture, “c. 

Pressure in 
mm. 

-36-0 

18 

7-7 

393 

-23-0 

63 

16-0 

505 

-10-8 

140 

21-45 

770 

-6-9 

180 

27-4 

1,007 

-0-0 

260 

390 

1,008 



43-2 

1 

1,932 


Mittasch, Kuss, and Schleutcr (Z. anorg. Chem. 
1927, 159, 1) agree -^vith Scbefier and Treub to 
40° and between 40° and 60° tbo maximum 
deviation is .1-5% (see Pales and Shapiro, 
J. Amer. Chem. Soc. 1938, 60, 794). 

Tbe Uquid has been used ns a solvent for 
molecular weight determinations : tbo 7 nole- 
cidar elevation of boiling-point is 13-7° and tbo 
molecular depression of freezing-point is 41°, both 
for 100 g. of solvent (Ramsay, Z. pbysikal. 
Chem. 1890, 5, 221 ; Bruni and Berti, Gazzetta, 

1900, 30, U, 151 ; IVankland and Parmer, J.C.S. 

1901, 79, 1356). 

Tbe Uquid is not polymerised further than 
N2O4, andin acetic acid tbemaximum molecular 
weight corresponds with N2O4 (Ramsay, ibid. 
1888, 53, 621 ; Ramsay and Shields, ibid. 1893, 
12, 433). Tbo density of the Uquid (Gouthor, 
Annalen, 1888, 245, 96) is : 


log 


1'589(Z>-1-5S9) 

(3-178-I»)- 


3,118-6 

273-f/°0. 


+ log Pmm- 12-151 


whore iJ=vnpour density (nir>=l). Tbo per- 
centage dissociation at tbe boiling-])oint (21-9°) 
calculated from this equation is 15-7. 

At 04° and 1 atm. pressure one half of tbo 
Nj 04 is dissociated and at 150° dissociation into 
Nb» is complete. Above 140° decompo.sitiou of 
NO, into NO and oxygon takes plnco: 
2N6„ ^ 2N0-f02, this ebango being prac- 
tically complete at 020°. At 184°, 5%, and at 
494°, 50-5%, of tbo NOj is dissociated (Richard- 
son, J.C.S. 1887, 51, 397 ; Bodenstein and 
Kntayanm.Z. Elcktrochcm. 1909, 15, 2-14). The 
dissociation N„04;?^2N02 in solution in 
chloroform has also been inv'estignted (Cundall, 
J.C.S. 1891, 59, 1070; Ostwald, ibid. 1892, 61, 
242; for solutions in carbon Ictracblorido, see 
Coon, J. Amor. Cbom. Soc. 1937, 59, 1910). 
NO, is dissociated bj' an oleotric glow discharge 
(Zennock and Strassor, Pbysikal. Z. 1911, 12, 
1201 ). 

Tbo specific heat of gaseous nitrogen pcro.xido 
(Bortbolot and Ogier, Ann. Cbim. Pbys. 1883, 
[v], 30, 382) is anomalous, since it includes tbo 
boat of dissociation of N„04 (Swart, Z. pbysUcal. 
Chem. 1891, 7, 120). Tins may bo subtracted 
to give tbo true specific beat (jMcCollum, J. 
Amor. Cbom. Soc. 1927, 49, 28) ns follows : 


t°C. . . . 

Cp obs. g.-cnl. 

33-73 

00-9 97-51 

120 

150 

100 

per g. mol. 

120 

178 93 

49-2 

20-3 

24-2 

Cp true g.-cnl. 





per g.-mol. 

11-4 

14-7 17-6 

19-0 

19-4 

10-5 


t°c. 
P . 


• -6 - 2 - 0 
. 1-5035 1-5020 1-4935 


6 10 15 

1-4880 1-4770 1-4740 


The heat of formation of gaseous nitrogen 
peroxide (which is endothermic) is •JN,-!-©^ 
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= N 0,-8,126 g.-cal. ; N 0+^0^= N O2+ 13,460 
g.-cal. ; N2+202=N204-2,650 g.-cal. ; 2NO2 
-fOg=N204-l-40,600 g.-cal. (J. Thomsen, 
“ Thermochemistiy,” trans. hy K. A. Burke, 
Longmans, 1908, p. 252) ; the heat of dissocia- 
tion is N204=2N02-13,600 g.-cal. (Thomsen) 
or —13,960 g.-cal. (Verhoek and Daniels, 
J. A Trier. Chem. Soo. 1931, 53, 1186). The heat 
of formation of liquid N2O4 is — 4,000 g.-cal. 
and the latent heat of evaporation is 4,330 g.-cal. 
per g.-mol. (Berthelot, Ann. Chim. Phys. 1875, 
[v], 6, 145). The latent heat of fusion is 33-7 g.- 
cal. per g. (from the Leezing-point depression) 
and the specific heal of the liquid from the 
melting-point to 33° is 0'477 g.-cal. per g. 
(Ramsay, Z. ph5rsikal. Chem. 1890, 5, 221 ; 
J.C.S. 1890, 57, 690). The thermal conductivity 
of the gas is anomaloiis owing to dissociation 
and varies with temperature and pressure 
(Feliciani, Physikal Z. 1905, 6, 20) ; it reaches 
a high maximum value at 65°. The refractive 
index of the vapour at 36° is 1-000503 (Dulong, 
q. in Z. physikal. Chem. 1901, 36, 332) 01 
1-000509 for NOg and 1-001123 for N2O4 
for A=664 mp. (C. and M. Cuthbertson, Proc. 
Roy. Soc. 1913, 89, 361). The gas shows a 
strong orange or yellowish-green fluorescence 
(Norrish, J.C.S. 1929, 1604). The absorption 
spectrum has often been investigated (e.g., by 
HautefeuiUe and Chappuis, Compt. rend. 1881, 
92, 80 ; 1882, 94, 946 ; Herzberg, Z. physikal. 
Chem. 1930, B, 10, 189). 

The surface tension of the liquid is 26-66 
d3Ties per cm. at 19-8° (Ramsay and Shields, 
J.C.S. 1893, 63, 1099) and the viscosity 
4-720xlO~^ dyne-seo./cm.2 at 9-16°, and 4-401 
dyne-sec./cm.^ at 15-36° (Thorpe and Rodger, 
Phil. Trans. 1895, 185, 397 ; Batchinski, Z. 
physikal. Chem. 1913, 84, 658). Nitrogen 
peroxide gas does not conduct electricity and the 
liquid conducts only slightly. The dielectric 
constant of the vapour varies with temperature 
and pressure (Badeker, ibid. 1901, 36, 305; 
Zahn, Physikal. Z. 1933, 34, 461) ; the results 
indicate that both NOj and N2O4 have small 
dipole moments, but it is not certain which is 
greater (Williams, J. Amer. Chem. Soc. 1934, 
56, 1427 ; Schutz, Z. Physik, 1938, 109, 517). 
The specific magnetic susceptibility of the liquid 
(N2O4) at-16° is x=-0-26xl0-6 (Sone, Sci. 
Rep. Tohoku, 1922, 11, 139) ; NOg has an odd 
electron and is paramagnetic, and Havens 
(Physical Rev. 1932, [ii], 41, 337) finds the 
specific susceptibility 0-375 that of oxygen; 
Sone (l.c.) found ;(=-l-4-5x 10"® at 20°. 

There is some doubt as to the shape of the 
N O2 molecule ; Bailey and Cassie (Nature, 1933, 
131, 239) and Maxwell, Mosley, and Deming 
(J. Chem. Phys. 1934, 2, 331) conclude that it is 
linear and symmetrical, but Penney and Suther- 
land (Nature, 1935, 136, 146) that it is bent, 
the angle being 1 10-120°, or 140°. The electronic 
structure is probably a resonance hybrid with 
a three-electron bond (p.519a) :'0:N::0: and 
OuNr O: (Pauling, J. Amer. Chem. Soc. 1931, 
53, 3225; Noyes, Z. Elektrochem. 1931, 37, 
569), and the odd electron is probably responsible 
for the ready formation of compounds with 
metallic chlorides (Besson, Compt. rend. 1889, 


108, 1012; Eeihlen and Hake, Annalen, 1927, 
452, 47). 

The structure of N2O4 has been represented as 


O 

O 




o 

o 


0=N^O — O — N=0, and 


0 = 


N— O— 


O 

O 


(Divers, J.C.S. 1885, 47, 630; 1904, 85, 110; 
Wieland, Ber. 1921, 54 [B], 1776 ,- Battegay and 
Kem, Bull. Soo. chim. 1927, [iv], 41, 1336; 
Heniicks, Z. Physik, 1931, 70, 699), but the 
first formula, with a bond between the two 
nitrogen atoms, is probably correct (Giauque 
and Kemp, J. Chem. Phys. 1938, 6, 40) ; Longuet- 
Higgins (Nature, 1944, 153, 408, 459) proposed 
a formula -with an oxygen bridge : 

/*^\+ 

O— ^n=o 

Nitrogen dioxide gas supports the combustion 
of burning carbon, sulphur, and phosphorus ; 
carbon monoxide bums to carbon dioxide, and 
hydrogen sulphide to sulphur, with simultaneous 
formation of nitric oxide. A mixture of the gas 
■with hydrogen forms ammonia when passed 
over heated platinum (KuMmann, Aimalen, 
1839, 29, 272), the reaction being -violent and 
sometimes explosive, or when passed over 
reduced nickel or copper (Sabatier and Senderens, 
Compt. rend. 1902, 135, 278). Potassium bums 
in the gas or in contact with the slightly moist 
liquid with a red flame ; sodium reacts at the 
ordinary temperature -without ignition; many 
metals and lower oxides are oxidised by the gas 
at 600° : sodium, potassium, mercury, and lead 
form nitrates -with production of NO (Sabatier 
and Sendems, Ann. Chim, Phys. 1896, [-vii], 7, 
348). Additive compounds are formed -with 
many metallic salts, etc., e.g., FeCi3,N02, 
SnCL.NOg, etc. (Weber, Ann. Phys. Chem. 
1863, [ii], 118, 471; 1864, [ii], 123, 347; 
Besson, Compt. rend. 1889, 108, 1012 ; Bull. 
Soc. chim. 1889, [iii], 1, 771 ; Reihlen and Hake, 
Annalen, 1927, 452, 47 ; Thomas, Ann. Chim. 
Phys. 1898, [-vii], 13, 145), and -with unsaturated 
organic compoimds. 

With water, N2O4 behaves as a mixed an- 
hydride, forming nitrous and nitric acids ; 

N 204 -fHa 0 =HN 02 -l-HN 03 . 

With a small quantity of cold water (or better, 
■with ice) the reaction : 

2N204-bH20=N20s-l-2HN0s 

occurs, two liquid layers being formed. The 
lower, deep-blue, layer is rich in N 2O3. Further 
dilution converts the N2O3 into nitrous acid, 
which on rise of temperature decomposes -with 
evolution of nitric oxide : 

3HN02=HN03-b2N0-l-H20 

(Fritsche, J. pr. Chem. 1840, [i], 19, 179 ; 1841, 
[i], 22, 14; Sohonbein, Ann. Physik, 1^8, 73, 
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326 ; Oddo, Gazzetta, 1916, 45, i, 413 ; Lo^Try 
and Lemon, J.O.S. 1936, 1, 6; Lonry, Lloyd, 

and Lloyd, ibid., p. 10). x- • j 

Aqueous fonn a mixture of nitntc and 

nitrate / 

N204+20H'=N0/+N03'+H20 


the gas being more slowly absorbed than an 
equimolecular mixtnre of NO and NOj, which 
forms only nitrite (Foerster and Koch, Z. angew. 
Chem. 1908, 21, 2161). Barium oxide, BaO, 
reacts with incandescence at 200° to form a 
mixtnre of nitrite and nitrate (Dulong, Ann. 
Chim. Phys. 1816, [ii], 2, 317). Calcium oxide 
reacts up to 400° to form calcium nitrate and 
nitrite, nitric oxide, and nitrogen. The free 
nitrogen arises from the oxidation of calcium 
nitrite to nitrate, which may occur in the follow- 
ing ways : 

(i) Ca(N02)2+2N02=Ca(N03)2+2N0 

(ii) 2Ca(N02)2+2N02=2Ca(N03)2+N2 

(Partington and Williams, J.C.S. 1924, 125, 947). 
Nitrogen peroxide reacts with finely divided 
copper to form cuprous oxide : 

N02+2 Cu=Cu 20+N0, 

which then adsorbs an excess of N O,. Ctiprous 
oxide in the cold takes up about 30% by weight 
of nitrogen peroxide gas irithout change in 
appearance, evolution of heat or other sign of 
chemical change. The product of the action of 
nitrogen peroxide on copper or cuprous oxide 
dissociates completelj^ on heating, without 
reduction of the nitrogen peroxide; it reacts 
violently with water yielding nitric oxide and 
a solution of cupric nitrate with a little nitrite. 
At 65-70°, an inert solvent such ns carbon 
tetrachloride removes the whole of the nitrogen 
peroxide, leaving a residue of cuprous oxide. 
The peroxide is adsorbed by and not chemically 
combined with the cuprous oxide (Park and 
Partington, ibid. 1924, 125, 72, 663 ; IClomeno 
and Schroth, Ber. 1926, 58 [B], 168), and the so- 
called “ nitro-copper,” CujNOj, said to bo 
formed (Sabatier and Senderens, Compt. rend. 
1892, 115, 236 ; 1893, 116, 760), is merely the 
adsorption eomplex. 

In the liquid state nitrogen peroxide and sul- 
phur dioxide react to form nitrosyl disulphatc, 
S2N2O9 (see p. 532d) : 


3N204-J-4S02=2S2N20o-}-2NO. 

Liquid ammonia reacts explosively with solid 
N2O4 at — 80°, but a current of gaseous am- 
monia led over the solid at —20° reacts less 
vigorously, the products being NO, nitrogen, 
ammonium nitrate, and water, with a trace of 
ammonium nitrite (Besson and Rossot, ibid. 
WOO, 142, 633). Dry oxygen does not oxidise 
N2O4, but ozone converts it into nitrogen 
pentoxide (Helbig, Atti R. Accad. Lincei, 1902, 
^ 12, i, 211 ; Z. Elektrochem. 

1906, 12, 650; Foerster and Koch, Z. angew. 
C!hem. 1908, 21, 2216) : ^ 


N204+03= N203-f03. 

In presence of water, oxygen and oxidising 
agents convert NjO^into nitric acid (see p. 572a). 


Nitrogen peroxide dissolves in dilute and 
concentrated nitric acid ; with concentrated 
acid a yellow “ fuming nitric acid ” is formed 
(Lrmge, Bor. 1879, 12, 1058; Bousfiold, J.C.S. 
1919, 115, 45). The density of the nitnc 
acid is markedly increased (Lunge and March- 
lewsky, Z. angew. Chem. 1892, 5, 10), reaching 
a maximum when the solution contains 42‘5% 
by weight of the peroxide, corresponding with 
the composition N20 b,N 204,H20, this solution 
being stable at — 48-6°, above which temperature 
it dissociates (Pascal and Gamier, Bull. Soc. 
chim. 1919, [iv], 25, 309). 

Liquid N2O4 forms dangerously explosive 
solutions in liquid hydrocarbons (e. Ex- 
plosives, Vol. IV, 645c/). 

Pure nitrogen peroxide docs not react with 
cold aromatic hydrocarbons. With benzene at 
80° the main products are I;3:6-lrinitrobonzcno 
and picric acid. Nitrobenzene is indifferent 
at 80°. Phenol dissolved in a cold mixture of 
benzene and light petroleum is readily nitrated 
to o- and p-nitrophcnol. o-Crcsol gives 0- and 
p-nitro-o-crcsol ; «i-crcsol yields o- and p-nitro- 
m-crcsol, whilst the p- compound give o-nitro- 
p-cresol and o-dinitro-p-crcsol. 1:3:4 m-Xylenol 
is converted into the corresponding 6-nilro- 
compound. a-Naphthol gives a mixture of 2- 
nitro-a-naphthol and 2;4-dinitro-a-nnphthol. 
Acetanilide in ethereal solution is transfomied 
into bonzenediazoninm nitrate. Diphenylnmino 
in othorcal solution yields diphenylnitro.samine; 
in benzene solution it gives p-nitrodiidionyl- 
nitrosamino. A consideration of these reactions 
leads to the formula 02N'N02 as the most 
probable constitution of nitrogen peroxide, which 
is also in accord with its other reactions and with 
the more convincing direct structure determina- 
tion (p. 526c) ; its decomposition by alkah’ is 
then analogous to that of other symmetrically- 
paired atoms or radicals, c.g., c^-anogen to 
cyanide and cyanate, chlorine to chloride and 
hypoclilorito (Wioland, Ber. 1921, 64 [BJ, 1776). 

NOo may bo determined in presence of excess 
of NO by absorption in potassium iodido solu- 
tion (p. 523d) or by shaldng the gas with con- 
centrated sulphuric acid, which absorbs cqui- 
molccular amounts of each gas : 

N0-fN02-l-2S02(0H)2 

‘'=2S02(0H)-0-N0-}-H20. 

The “N2O3” content of the acid is then 
determined in a Lunge nitrometer, an allowance 
being made for the solubility of NO in the acid. 
The excess of N O in the residual gas is absorbed 
by acid potassium bromato solution, and the 
nitric acid formed is determined in the nitro- 
meter (lOemonc and Muha, Z. anorg. Chem. 
1924, 134, 1208). 

Nitrogen peroxide is absorbed by concentrated 
sulphuric acid to form a mi.xturo . of nitrososul- 
phuric and nitric acids, the roaction being 
reversible (Lunge, Bor. 1879, 12, 1058) : 

N204-fS02(0H)2^ 

S02(0H)-0-N0-1-HN03. 

The j'so-dinitrogon totroxide supposed by 
Easchig (Chem.-Ztg. 1907, 31, 359; Z. anorg. 
Chem. 1913, 84, 116) to bo formed as one of the 
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first products in the reaction between ni^c 
oxide and air has no existence, the product being 
nitrogen peroxide. 

Nitrogen Pentoxide or Nitric An- 
hydride, NgOg, was discovered by Deville in 
1849. It is prepared as follows : 

1. By oxidising cooled liquid nitrogen per- 
oxide with ozonised oxygen (Helbig, Atti R. 
Accad. Lincei, 1903, [v], 12, i, 211 ; Z. Elektro- 
chem. 1906, 12, 650; Eoerster and Koch, Z. 
angew. Chem. 1908, 21, 2216) : 

N 304-1-03= N gOj-p Oj. 

2. As first prepared by Deville (Ann. Chim. 
Phys. 1850, [ii], 28, 241 ; Rice and Getz, J. 
Physical Chem. 1927, 31, 1572) by passing dry 
chlorine over silver nitrate at 50-60°, the 
N3O3 in the gaseous product being condensed 
in a tube cooled in a freezing mixture : 

4AgN03-f2Cl2=2N206-l-4AgCl-}-02. 

3. Most conveniently, as first prepared by 
Weber (J. pr. Chem. 1872, [ii], 6, 342 ; Berthelot, 
Bull. Soc. chim. 1874, [ii], 21, 63 ; Ann. Chim. 
Phys. 1875, [v], 6. 202; Meyer, Ber. 1889, 22, 
23 ; Gibson, Proc. Roy. Soc. Edin. 1908, 28, 
705), by dehydrating pure concentrated nitric 
acid with phosphorus pentoxide, with constant 
cooling, and then distilling the nitrogen pent- 
oxide formed. The sjTUpy liquid formed from 
the nitric acid and phosphorus pentoxide is 
poured into a dry retort and distilled into a 
receiver surrounded by a freezing mixture. The 
orange-red distillate separates into two layers, 
the upper of which is cooled in ice. The crystals 
formed are drained, again melted and crystal- 
ised, and drained from the mother-liquor. 

The operation is facilitated by performing the 
distillation in a current of ozonised oxygen, 
which prevents decomposition into oxygen and 
lower oxides of nitrogen. To remove the last 
trace of moisture the gas is passed through a 
long tube containing phosphorus pentoxide and 
the nitrogen pentoxide is then almost completely 
condensed by cooling at —80° (Russ and 
Pokomy, Monatsh. 1913, 34, 1051 ; Daniels and 
Bright, J. Amer. Chem. Soc. 1920, 42, 1131). 
The possibility of explosion should be provided 
for. 

Pure nitrogen pentoxide forms glistening 
white rhombic crystals, density 1-99 at 16° 
(Son6, Sci. Rep. Tohoku, 1922, 11, 139). Ac- 
cording to Berthelot the melting-point is 29-6‘’, 
but Russ and Pokomy (?.c.) say that when pure it 
has no true melting-point, liquefaction being due 
to traces of impurities, but it sublimes at about 
34°. The liquid boils with decomposition into 
N2O4 and oxygen at about 45°, after previously 
darkening in colour. The crystals (slightly im 
pure) become yellow some time before melting ; 
at the melting-point they are orange, turning 
dark brown as the temperatxue rises. The 
vapour pressure of the pure solid is given by the 
formula (Daniels and Bright, Z.c.) : 

log p=l,244/T-f 34-1 log 2'-86-929 

(p mm. Hg, !r=absolute temperature). The 
calculated molar heat of fusion is 8,280 g.-cal. 
per g.-mol., and the calculated molar heat of 
evaporation 4,840 g.-cal. per g.-mol. The heats 


of sublimation calculated for various absolute 
temperatures (Daniels and Bright, l.c.) are : 

T°K 263 273 283 293 

6.-caI. per g.-mol. . 12,360 12,760 13,360 14,140 

The heat of formation of solid NgOg is 11,900 
g.-cal. per g.-mol., hence that of gaseous NgOj 
is —1,200 g.-cal. per g.-mol. (Berthelot, Ann. 
Chim. Phys. 1875, [v], 6, 171 ; Compt. rend. 
1880, 90, 783). The heat of reaction, 

N203-hH20=2HN03, 

is 2,300 g.-cal. evolved, and with excess of water, 
N205-pAq.=2HN03,Aq., is 16,680 g.-cal. 
(Berthelot, l.c,). The specific magnetic suscepti- 
bility of the solid at 16° is 0-33x 10~® (Son6, 

Sci. Rep. T6hoku, 1922, 11, 139). 

According to Deville the crystals can be kept 
without decomposition in diffuse daylight below 
8°, but in sunlight at 25° the solid melts and 
undergoes explosive decomposition into nitrogen 
peroxide and oxygen. A trace of ozone retards 
the thermal decomposition, but the rate of 
thermal decomposition is not affected by the 
presence of chlorine, bromine (which retards the 
photochemical decomposition), carbon monoxide 
or hydrogen, whilst carbon disulphide increases 
the rate of decomposition (Daniels, Wulf, and 
Karrer, J. Amer. Chem. Soc. 1922, 44, 2402; 
Busse and Daniels, ibid. 1927, 49, 1267). Re- 
ducing the pressure of the vapour does not retard 
the decomposition, but below a critical pressure 
of about 0-26 mm. the reaction velocity begins to 
increase, attaining finally, at the lowest pressure, 
five -times the normal value (Hirst and Rideal, 
Proc. Roy. Soc. 1925, 109, 626). The decom- 
position at all temperatures investigated is a 
unimolecular homogeneous reaction, hence it 
may occur as N205=N203-}-02, followed by a 
rapid reaction Ng03-i-N205=2N204 (Daniels 
and Johnston, J. Amer. Chem. Soc. 1921, 48, 
53 ; Hirst, J.C.S. 1926, 127, 657 ; White and 
Tolman, J. Amer. Chem. Soc. 1925, 47, 1240; 
Hunt and Daniels, ibid., p. 1602 ; Rice and Getz, 
J. Physical Chem. 1927, 31, 1672). In illumi- 
nated NOg an equilibrium 2NO2 ^ 2N0-b02 
is set up, and in the photochemical decom- 
position of NgOg the NOg may first form NO 
which then reacts with NgOg to form 3 NOg 
(Norrish, J.C.S. 1927, 761). The velocity co- 
efficient of the decomposition of NgOg in carbon 
tetrachloride solution is the same as in the gas 
(Lueck, J. Amer. Chem. Soc. 1922, 44, 767). 

NgOg dissolves with a hissing noise in w’ater 
to form nitric acid. It forms a solid crystaUine 
compound N20g,2HN0g on cooling a solution 
of NgOg in concentrated nitric acid. Phos- 
phorus and potassium bum in the liquid pent- 
oxide if slightly warmed; charcoal does not 
decompose it even on boiling, but bums bril- 
liantly if previously ignited. NgOg dissolves in 
freshly distilled and fused sulphur trioxide, 
giving an almost quantitative yield of 
Ng0g,4S03, “-P- 124-126°, b.p. 218-220°, a.lso 
formed as a crystalline precipitate on mixing 
solutions of the two oxides in carbon tetra- 
chloride (Pictet and Karl, Compt. rend. 1907, 
145, 238). 

Nitrogen Hexoxide. — HautefeuiUe and 

Chappm's (ibid. 1881, 91, 762 ; 1881, 92, 80, 134 ; 
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1882, 94, 946, 1111, 1306), and Berthelofc (Bull. 
Soc. cHm. 1881, [ii], 35, 227 ; Ann. Chip. Phys. 
1881, [v], 22, 432), by the action of a silent dis- 
charge on a mixture of oxygen and nitrogen, 
obtained a gas mth a characteristic absorption 
spectrum, and on cooling to 23° a small 
quantity of a very volatile crystalline powder 
separated, supposed to he NgOg. The same 
spectrum was observed by Warburg and Leit- 
hauser (Sltzimgsber. Preuss. Akad. Wiss. 
Berlin, 1907, 229) with a mixture of ozone and 
NgOg vapour at 0-18°. 

Schumacher and Sprengor (Z. physihal. Chem. 
1928, 136, 77 ; 1929, B, 2, 267 ; Z. angew. Chom. 
1929, 42, 697) and Lowry and Lemon (Nature, 

1936, 135, 433 ; J.C.S. 1935, 692) supposed that 
NOg is formed from NgOg vapour and ozone, 
and Schwarz and Achenbach (Ber. 1935, 68 [B], 
343) claimed to have obtained it as a white soh'd, 
stable only below —142°, by the action of an 
electric discharge on a mixture of NO« and 
oxygen at low pressure in a special apparatus, 
but Hemenc and Neumann (Z. anorg. Chem. 

1937, 232, 217) were imable to repeat the experi- 
ment, although they inferred from the absorp- 
tion spectrum that N Og may bo formed in the 
evaporation of a liquid mixture of NgO^ and 
ozone. 

Nitrous Acid, HNO,. — ^Nitrous anhydride 
(NgOg) dissolves in excess of ice-cold water to 
form a dilute solution of nitrous acid. This is 
unstable (Knox and Reid, J.S.C.I. 1919, 38, 
105 t) although its salts and esters are com- 
paratively stable. A solution of nitrous acid is 
formed on acidification of a dHuto solution of a 
nitrite, and (free from metallic salt) by pre- 
cipitating a solution of silver nitrite with dilute 
hydrochloric acid, or a solution of barium nitrite 
with dilute sulphuric acid. The solution con- 
tains some NjOg (which colours it blue) and 
readily evolves nitric oxide : 

3HN02=HN03-i-2N0-l-H20. 


Nitrites are found to some extent in nature 
and are said to occur in the sap of some plants 
or to be formed when plant extracts are exposed 
to air (Maz6, Compt. rend. 1912, 155, 781 ; 
Bach, Biochem. Z. 1913, 52, 418 ; Klein, Bicd. 
Zentr. 1916, 44, 162). The presence of nitrites 
in the atmosphere is established (Schonboin, 
Chem. News, 1862, 6, 241 ; Warington, J.C.S. 
1881, 39, 229; Hayhurst and Bring, il/id. 1910, 
97, 868 ; Rao and Dhar, Z. anorg. Chom. 
1931, 199, 422 ; Vorliinder and Gohdos, Bor. 
1931, 64 [B], 1776 ; Wulf, J. Opt. Soc. Amor. 
1935, 25, 231). They have boon supposed to 
be formed from nitrates in solution by the action 
of sunlight (Moore, Proc. Roy. Soc. 1918, B,90, 
168; J.C.S. 1921, 119, 1666) and in photo- 
chemical assunilation (Baudisch and Mayer, Z. 
physiol. Chem. 1914, 89, 176). 

Most nitrites are soluble in water and many 
in alcohol, but silver (3 ‘2 g. per 1.), bismuthyl, 
and basic lead nitrites are only sparingly soluble 
m water. 

Alkali and alkaline earth hydroxides and car- 
bonates absorb NOg and NgOg (t.c., mostly 
NO+NOg; see p. 6236) ; with NOg a mixture 
ot mtrite and nitrate is formed : 

^eO^-f-2NaOH=NaNO,-f NaNO.-f- H,0. 
V0L.VIII.-34 3 2, 


whilst with NgOg, if NO is present in slight 
excess, practically pure nitrite is formed (Gay- 
Lussac, Ann. Chim. Phys. 1816, [ii], 1, 394; 
Divers, J.C.S. 1899, 75, 85) : 

N0-hN02+2Na0H=2NaN02-l-H20. 

Oxides of nitrogen as produced, e.q., by the 
action of an electric discharge on air or by the 
oxidation of ammonia, may bo kept at 300° until 
absorbed by alkali, when practically only nitrite 
is formed (Badischo Anilin- u. Soda-Eabrik, G.P. 
188188, 1906). 

Solid ammonium nitrite is formed by evapor- 
ating a concentrated solution of ammonium 
chloride and sodium nitrite in vacuum and sub- 
litning in vacuum (Raj', J.C.S. 1909, 95, 345; 
Ncogi and Adhicarj', ibid. 1911, 99, 116), or bj' 
passing the red gas (NO-hNO,) from nitric acid 
and arsenious oxide (p. 522rf) over lumps of 
solid ammonium carbonate in a cooled tube, 
dissoli'ing in alcohol, and precipitating with 
ether (Sorensen, Z. anorg. Chem. 1894, 7, 33). 

Many nitrates are reduced to nitrites on 
fusion until lead, copper, carbon (Fischer, Ann. 
Phj-sik, 1849, 74, 116), sulphites (Ftard, Bull. 
See. chim. 1877, [ii], 27, 434), and sulphur or 
barium sulphide (Roj’, Compt. rend. 1889, 108, 
1261), and in solution by reduction with sodium, 
potassium, calcium, and other metals (Schon- 
boin, J. pr. Chom. 1868, [i], 105, 198) or bj' 
electrolytic reduction (MUllor and Weber, Z. 
Eloktrochem. 1903, 9, 955, 978; MQUer and 
Spitzor, ibid. 1905, 11, 609 ; Bor. 1905, 38, 1190), 
silver being the best cathode material, when 
reduction to nitrite is almost complete before 
further reduction to ammonia occurs ; with a 
copper anode the j’iold is then almost quanti- 
tative. 

Nitrites are said to bo formed bj' oxidising 
ammonia with hj’drogcn peroxide (Weith and 
Weber, Bcr. 1874, 7, 1745; Hoppe -Soj’lcr, ibid. 
1883, 16, 1917), but this is probably incorrect 
(Traubo, ibid. 1882, 15, 2432 ; Hodgkinson and 
Bellairs, Proc. C.S. 1895, 11, 9). 

In the oxidation of copper in ammonia solu- 
tion in contact with air (p. 499n) some ammonia 
is oxidised to nitrite (SchGnbein, J. pr. Chom. 
1857, [i], 70, 129; 1858, [i], 76, 73; Peligot, 
Compt. rend. 1868, 47, 1034; Berthclot, Ann. 
Chim. Phys. 1864, [iv], 1, 381). Ammonia is 
oxidised to nitrite and finally to nitrate bj' 
electrolytic oxidation of a solution containing 
sodium hydroxide and copper hydroxide with 
an anodic current density of 0'02-^-00 amp. per 
sq. cm., almost all the anode oxygon being used 
up (Traubo and Biltz, Bor. 1904, 37, 3130 ; 1900, 
39, 166). 

The only practical method for the preparation 
of qjure alkali and alicalino-earth nitrites is by 
double decomposition of the cliloridcs with 
silver nitrite (Oswald, Ann. Chim. 1914, [ix], 1, 
32). Nitrites may' bo prepared by the action of 
sodium or potassium nitrite on the metallic 
acetates in presence of ammonium acetate, w’ith 
ammonia, alcohol or acetone as solvent (Dvival, 
Compt. rend. 1926, 182, 1160). Sodium nitrite 
is formed on heating the nitrate with some 
oxides, the host results being obtained with 
barium oxide or manganese dioxide (Taccluni, 
Giorn. Chim. Ind.' Appl. 1924, 6, 276). Triple 



630 


JSTITROGEN. 


nitrites of cobalt, nickel or copper -with an alkali 
metal and mercury or a metal of tbe cerium or 
yttrium group are described (Cuttica et al., 
Gazzetta, 1922, 52, ii, 270, 279 ; 1923, 53, i, 185, 
374). 

Properties. — Nitrous acid is a fairly strong 
acid, its dissociation constant being K 
=[H-][NO2']/[HNO2]=3-2x 10-^ at 0° and 
4'9x 10“^ at 18° (Eeinders and Vies, Bee. trav. 
chim. 1926, 44, 1 ; Klemenc and Hayek, 
Monatsb. 1929, 53-54, 407. Bay, Dey, and 
Gbosb, J.O.S. 1917, 111, 413, found 6-5x10-4, 
Schumann, Ber. 1900, 33, 627, found 4-5x10-4, 
and Blanchard, Z. physikal. Chem. 1902, 41, 
681, found 4x 10-4). jg^ however, slowly dis- 
placed from solutions of its salts by carbonic 
acid (Moore, J. Amer. Chem. Soc. 1904, 26, 
959). 

The equivalent conductivity at 0°c. and dilutions 
of V 1. per g.-mol. is (Bay, Dey, and Ghosh, 
l.c. ; cf. Schumann, l.c. ; Ley and Kissel, Ber. 
1899, 32, 1357) : 

V . . . 32 64 128 256 1,024 m 

Aohm-i . 33-5 45-8 62-0 82-5 138 271 

The mobility of the nitrite ion NOj' in dilute 
solution is (Klemenc and Hayek, l.c. ; cf. Pick, 
Dissert., Breslau, 1906 ; Vogel, Z. anorg. Chem. 
1903, 35, 385) ; 

0° 44-0, 12-5° 58-9, 30° 77. 

The heat of neutralisation of nitrous acid with 
baryta is 10,600 g.-cal. and with ammonia 
9,100 g.-cal. (Berthelot, Ann. Chim. Phys. 1876, 
[v], 6, 145). The heat of formation (J. Thomsen, 
“ Thermochemisohe Untersuchimgen,” Leipzig, 
1882, Vol. n, p. 199) is ; 

H-f N-fOa-f Aq.= HN02,Aq.-b30,770 g.-cal. 

The decomposition of nitrous acid in solution : 

3HN02=HN03-p2N0-f HaO 

occurs slowly in the cold when the liquid is 
quiescent ; it is accelerated in contact with 
rough surfaces (sand, fragments of glass, etc.) 
and on shaking. The kinetics of the decom- 
position have been investigated by Bay, Dey, 
and Ghosh (l.c.) who foimd the following uni- 
molecular velocity coefficients k in approxi- 
mately 0-1% solution : 

0° 21° 40° 

000014 0-00022 0-00057 

Actually, k increases -with the initial concen- 
tration of HNOj, and there is a critical con- 
centration above which decomposition is very 
rapid and below which it is very slow. This is, 
apparently, due to the secondary reactions : 

(a) NgOg-f HjO in solution and 

(b) NjOg ^ NO-f NOg in the gas phase (Taylor, 
Wignall, and Gowlev, J.G.S. 1927, 1923). 

The reaction 3 H N O 2 ^ H N O g-i- 2 N O -h H 2 O 
is reversible and the equilibrium constant 
K=[HN 02 ]^/[H-][N 03 '] has been determined 
(Saposhnikov, J. Buss. Phys.-Ghem. Soc. 1901, 
33, 506 ; Le-wis and Edgar, J. Amer. Ghem. Soc. 
1911, 33, 292 ; Abel and Harasty, Z. anorg. 
Ghem. 1924, 139, 1 ; Abel and Schmid, Z. 
physikal. Ghem. 1928, 132, 65 ; Abel et al., ibid. 


1930, 148, 337 ; Z. Elektrochem. 1930, 36, 692 ; 
Klemenc and Hayek, Z. anorg. Ghem. 1930, 186, 
181). Le-wis and Edgar found ^"=0-0267 at 
25° and one atmosphere pressure of NO, but it 
varies with the nitric acid concentration. 
Klemenc and Hayek calculate for infinite 
dilution : 

t°a. ... 0 12-5 15 25 30 35 
UK. ... 5-0 13-3 14-45 I 9-3 39-6 51 

Eor finite concentrations the activities must be 
used instead of concentrations. 

The acid is more stable in a compressed atmo- 
sphere of nitric oxide, and this has been applied 
in diazotisation reactions (Briner and Jonas, 
Helv. Chim. Acta, 1920, 3, 366). 

Nitrous acid is oxidised to nitric acid by the 
usual oxidising agents ; its oxidation by hydro- 
gen peroxide and subsequent precipitation of 
this -with “ nitron ” acetate is used as a method 
of determination (Busch, Ber. 1906, 39, 1401; 
V. also this Vol., p. 589a), and nitrites are 
precipitated by 2-.4-diamino-6-hydroxypyrimi- 
dine sulphate (Hahn, ibid. 1917, 50, 706). 

Nitrous acid or a nitrite may function as an 
oxidising agent, being reduced to NO, HjNgOg, 
NgO, NHg-OH, nitrogen, or ammonia by 
stannous chloride, hydrogen sulphide, and 
sodium amalgam (Divers, J.G.S. 1899, 75, 87), 
by iodides : 

2N02'-i-21'-f4H-=2N0-|-lg-f2H20, 

and by electrolytic reduction (Tanatar, Ber. 
1896, 29, 1039). 

With hydrazine the following reaction is said 
to occur quantitatively and -without evolution 
of nitrogen (Francke, ibid. 1905, 38, 4102; 
cf. Girard and Saporta, BuU. Soc. chim. 1904, 
[iii], 31, 905) : 

N2H4-fHN02=N20+NH3-l-H20. 

The molecular weight of nitrous acid in 
aqueous solution, found by the cryoscopic 
method, agrees with the formula HNOg 
(Saposhnikov, J. Buss. Phys. Ghem. Soc. 1909, 
41, 1704). In most of its reactions the acid 
behaves as if it had the nitroso-constitution 
0=N — O — H ; the facts that many nitrites 
readily evolve NOg on heating, and give nitro- 
paraffins -with alkyl iodides suggest the formula 
of a nitro-form 


(Divers, J.G.S. 1885, 47, 226; Kieseritzky, Z. 
physikal. Chem. 1899, 28, 421 ; Baudisch, Ber. 
1916, 49, 1176), but as more or less alkyl nitrite 
is formed in the second reaction it gives no 
definite clue to the constitution of nitrous acid. 
The reduction of nitrites to hyponitrites (p. 533a) 
supports the structure 0=N — O — H, and there 
is some e-vidence that mercurous nitrite in solu- 
tion is derived from this (Ley and Kissel, Ber. 
1899, 32, 1367). Silver nitrite, on the other 
hand, is often regarded as derived from the 
nitro-form of the acid. 

The nitrite ion has an angular form (Ziegler, 
Physical Bev. 1931, [ii], 38, 1040), similar to that 
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of the chlorite ion (Levi and Scherillo, Z. Krisfc. 
1931, 76, 431). 

/N\ /CK 

o o o o 


TT AT.m VS, ETC., OF NlTBOtTS AOID. 

Nitrosyl Fluoride, NOF, is prepared by 
the action of nitrosyl chloride on silver fluoride ; 
NOCl+AgF=NOF+AgCl. A small flask 
containing nitrosyl chloride at —6° is attached 
to one end of a long platinum tube containing 
the silver fluoride and kept at 200-260°, and the 
nitrosyl chloride slowly distilled. The product 
is condensed in a small platinum flask cooled in 
liquid air and on fractionation gives NOF as a 
colourless gas, b.p. — 69-9°, m.p. — 132*6°. In 
the cold, boron, silicon, red phosphorus, and 
arsenic take fire in the gas, sodium bums on 
heating, and antimony is at once acted on, the 
fluoride and nitric oxide being formed. Copper, 
aluminium, lead, and bismuth are slowly 
attacked, and tin reacts only on heating; 
iodine, sulphur, and carbon do not react even 
on heating. Moisture gives brown fumes, 
hydrofluoric and nitrous acid vapours being 
formed. Analysis and vapour density (1*701, 
air=l) agree with the formifla NOF. The com- 
pound closely resembles nilryl fluoride, NOjF 
(q.v., p. 540c), in physical and chemical properties, 
but Offers from it in its behaviour towards 
iodine and water. NOF gives additive com- 
pounds with AsFj and SbFj (Ruff ef ah, Z. 
anorg. Chem. 1905, 47, 190; 1908, 58, 326; 
1932, 208, 293). 

Nitrosyl Chloride, NOCl, is obtained: 

1. By the direct union of nitric oxide and 
chlorine: 2NO-i-Cl2=2NOCl (Gay-Lussac, 
Ann. Chim. Phys. 1848, [iii], 23, 203). Tho 
mixture of 2 vol. of N O and 1 vol. of chlorine is 
passed over dry finely granulated animal charcoal 
at 40-50° under slight pressure (Francesconi and 
Bresciani, Atti R. Accad. Lincei, 1903, [v], 12, 
ii, 76). The charcoal is not necessary and docs 
not improve the yield (Brincr and Pylkov, J. 
Chim. phys. 1912, 10, 640). 

The formation of NOCl at low temperatures 
has been studied by BoubnofF and Guyo {ibid. 
1911, 9, 290). After removing excess of NO at 
—160° to —160° an excess of chlorine (3-4%) 
above that required by tho formrda NOCl 
always remains, but is expelled at —80°. Ac- 
cording to Trautz (Z. Elektrochom. 1914, 20, 
325; J.C.S. 1914, 106, ii, 457) the equation 
2NO-f Cl2=2NOCl does not satisfactorily 
explain the reaction at all temperatures in- 
vestigated. Between -72° and 40° tho product 
is practically NOCl. At higher temperatures it 
is mixed with a gas richer in nitric oxide, per- 
haps (N0)2CI or (N0)3C1, and possibly with a 
gas richer in chlorine, perhaps NOCL (c/. 
Coates and Finney, J.C.S. 1914, 105, 2444; 
Wourtzel, J. Chim. phys. 1913, 11, 214). 

2. By heating aqua regia, a mixture of con- 
centrated hydrochloric and nitric acids : 


HNOg-fSHCI NOCI-f CI2-I-2H20. 

Nitrosyl chloride was first so obtained by Baudri- 
mont (Am. Chim. Phys. 1846, [iii], 17, 24; cf. 
Tilden, J.C.S. 1874, 27, 630 ; Goldschmidt, 


Annalen, 1880, 205, 372) by liquefying it from 
tho gas by cooling with ice and salt, but its com- 
position was first determined by Gay-Lussac 
(he.). The reaction is reversible (Brincr, Compt. 
rend. 1910, 162, 387). 

- 3. By heating potassium nitrite with phos- 
phorus pentachloride : 

KNOa-bPCIfi^KCl-bPOCla-fNOCI. 

4. By heating nitrososulphinio acid (chamber 
crystals) with sodium chloride (Tilden, he.-, 
Girard and Pabst, Bull. Soc. chim. 1878, [ii], 
30, 631) : 

N0*HS04-FNaCI = N0CI-hNaHS04. 

6. By tho action of hydrogen chloride on 
N2O4 (Muller, Annalen, 1862, 122, 1) and on 
NoOg (Brinor and Wroczynsld, Compt. rend. 
1909, 149, 1372). 

6. By tho action of NO on FeCIa heated to 
the sublimation point (Thomas, ibid. 1896, 120, 
447). 

7. Nitrosyl chloride, together with chlorine 
and some hydrogen chloride, is formed when 
sodium chloride is evaporated with concentrated 
nitric acid : 

3NaCI-f4HN03 

=3NaN0a-l-N0Cl-l-Cl2-F2H20 

(Gay-Lussac, he.), and it is obtained ns a bj*- 
product in tho production of sodium nitrate by 
this process (see p. 680c). 

Nitrosyl chloride in an orange-yellow gas 
which condenses in a freezing mixture to a ru%- 
red mobile liqmd, b.p. — 6*0°/761 mm., giving 
lemon-yellow crystals, m.p. —01° to —60° 
(Francesconi and Bresciani, Lc.) or —01*5° 
(Trautz and Gorwig, Z. anorg. Chera. 1924, 134, 
409). Tho critical tempemturo is 103-161° 
(Francesconi and Bresciani, he.) or 167°, and tho 
critical pressure 92*4 atm. (Brinor and Pylkoff, 
J. Chim. phys. 1912, 10, 640). Tho vapour 
density (2*29-2*32, nir>=l, at 10°) is in agree- 
ment -with tho formula NOCl (Tilden, Lc.). 
p of liquid 1*4105 at —12°; 1*4250 at —15°; 
1*4330 at —18° (Gouthor, Annalen, 1888, 245, 
90 ; Brinor and Pj’lkoff, Lc.). Tho latent heat 
of evaporation is 6,500 g.-cal. per g.-inol. (Brinor 
and Pylkoff, Lc.). Tho gas is fairly stable 
towards heat, tho dissociation : 

2NOCl;F^2NO-fCl2, 

being first measurable at 700° (Suclborough and 
Miller, J.C.S. 1891, 59, 73, 270; Trautz c( ah, 
Z. anorg. Chem. 1916, 93, 177; 1910, 97, 241) 
and tho percentage dissociations aro : 

784 ° 816 ° 008 ° 035 ° 

6-54 10'04 30*10 41*85 

It has a characteristic absorption spectrum 
(Ma^anini, Z. physilcal. Chem. 1889, 4, 427). 

With water, nitrosyl cMorido hydrolyses to 
hydrochloric and nitrous acids, and it reacts 
with metals and metallic oxides to form tho 
nitrite and chloride (Sudborough, J.C.S. 1891, 
59, 056). It forms compounds with many 
metallic chlorides, some of which decompose on 
heating with evolution of nitric oxide : 

CuCl,NOCI=CuCl„-bNO, 
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whilst others are stable and can be sublimed, 
e.g., AuClo.NOCI (Sudborongh, l.c. ; Gall and 
Mengdehl, Ber. 1927, 60 [B], 86; Eheinbold 
and Wasserfnhr, ibid., p. 732), and with 
saturated organic compounds it forms additive 
compounds. With amines it evolves nitrogen 
and forms chlorides : 

RNH2+NOCURCI+N2+H2O 

(Solonina, J. Russ. Phys. Chem. Soc. 1898, 30, 
431, 449, 606; for action on mercaptans, see 
Tasker and Jones, J.C.S. 1909, 95, 1910). Sul- 
phur trioxide forms nitrosyl sidphonic chloride, 

NO-SOaCI. 

Nitrosyl chloride has been used in bleaching 
flour (B.P. 27218, 1908). It may be kept in 
vessels of magnesium alloys (Badisohe A ml in- u. 
Soda-Eabrik, G.P. 372575, 1921). 

Nitrosyl Bromide, NOBr, is obtained as a 
dark brown liquid, m.p. —40°, density 2‘637 at 
20°, (i) by the direct combination of NO and 
bromine at —7° to —15° (Landolt, Annalen, 
1860, 116, 177) ; (ii) by the action of sodium 
bromide on nitrososulphiuic acid (Girard and 
Pabst, Bull. Soc. chim. 1878, [iij, 30, 531 ; 
Trautz and Dalai, Z. anorg. Chem. 1920, 110, 
1). It boils at —2° with dissociation, thus 
differing ftom NOCl, which it resembles in its 
chemical properties. 

Landolt’s dibromide, NOBrj, and Muir’s 
tribromide, NOBrj, are mixtures of the mono- 
bromide with bromine (Frohlich, Annalen, 1884, 
'224, 270), but the melting-point diagram of 
bromine and nitric oxide (Trautz and Dalai, 
Lc.) shows a eutectic of bromine and nitrosyl 
tribromide, a maximum at —40° corresponding 
with NOBrj, and a second eutectic of NOBrj 
and NOBr at above —55°. Nitrosyl tribromide 
is a brownish-black, almost opaque liquid, which 
boils with decomposition at 32°, 2-637. The 

corresponding iodine compound is unknown. 

Nitrosyl Perchlorate, N0-CI04,H20, 
separates in colourless leaflets when “ No^s” 
(i.e. N O-b N O2) is passed into concentrated per- 
chloric acid (b.p. 140°). It forms addition com- 
pounds with imsaturated carbon compounds 
(Hofmann and Zedwitz, Ber. 1909, 42, 2031). 

Nitrosyl Fluoborate, NO-BF4, is formed 
in colourless crystals on passing “ NjOj ” into 
concentrated fluoboric acid, HBF4 (Wilke- 
Dorfurt and Balz, Z. anorg. Chem. 1927, 159, 
197). 

Nitrosyl Hydrogen Sulphate, NO HSO4, 
also called niirososulphuric acid, 

S0g(0H)-0-N0, 

niirosulphonic acid, NOj-SOjH, “ chamber 
crystals,” etc., was obtained by Clement and 
Desormes (Ann. Chim. Phys. 1806, [i], 59, 329 ; 
Davy, “ Elements of Chemical Philosophy,” 
1812; “ Works,” 1840, Vol. IV, p. 204) by the 
action of nitrous fumes, oxygen, and a regulated 
amount of water on sulphur dioxide : 

aSOg-b NO-f N Og-f 0„-}- H 2 O 

=2S02(OH)-ONO. 

It is more conveniently obtained by passing a 
mixture of NO and NOg into cooled concen- 


trated sulphinic acid (Weltzien, Annalen, 1860, 
115, 213). but the best method of preparation 
(Weber, J. pr. Chem. 1862, [i], 85, 423 ; Ann. 
Phys. Chem. 1864, 123, 333 ; Berl et al., Z. anorg. 
Chem. 1932, 209, 264) is to pass a slow stream of 
sulphur dioxide into well-cooled fuming nitric 
acid until a pasty mass is formed, and dry the 
crystals on a porous plate in a vacuum desic- 
cator over concentrated sulphuric acid : 

S02-bHN03=S0g(0H)-0-N0. 

It is also formed by passing nitrosyl chloride 
into concentrated sidphurio acid (Tilden, J.C.S. 
1874, 27, 630) : 

N0CI-bH2S04^ S02(0H)-0-N0-bHCI. 

Nitrosyl hydrogen sulphate forms white pris- 
matic crystals, melting with decomposition at 
73° and forming the anhydride (O (N 0-0-802)2 
or SgNgOg, which is obtained in other ways 
(t). infra). Nitrosyl hydrogen sulphate is 
violently decomposed by water : 

2S0„(0H)-0-N0-bH„0 ^ 

‘2H2S04-bN0-bN02; 

it dissolves in concentrated sulphuric acid and 
in acid not containing more than 36% of water, 
but in more dilute acids it is decomposed (c/, 
hliUigan and Gillette, J. Physical Chem. 1924, 
28, 744). A corresponding nitrosyl hydrogen 
selenate, N0-HSe04, is known (Hantzsob and 
Bergner, Z. anorg. Chem. 1930, 190, 321). There 
are no salts of nitrosyl hydrogen sulphate, and it 
is probably itself a salt [NO]'[HS04T, as is 
incBcated by the Raman spectrum (Angus and 
Leckie, Trans. Paraday Soc. 1936, 31, 958), the 
deep-blue product of its reduction by metals or 
sMphur dioxide, formerly regarded by Rasohig 
(J.S.C.1. 1911, 30, 166) as an acid HgSNOs, 
being [N0H]’[HS04y. This is the substance 
formulated by Sabatier (Compt. rend. 1896, 
122, 1417, 1479, 1637; 1896, 123, 256) as 
N0(S03H)2. 

Dinitrososulphuric Anhydride, or Nitro- 
syl Disulphate, SaNoOg, or 0(S04-0-N0)2, 
or {lA 0 ) 2 ^ 20 y, is formed as a white crystalline 
solid by passing dry nitric oxide into liquid 
sulphur trioxide and warming to the b.p. -. 
SSOg+ZNO^SoNgOg+SOg; and by the 
action of sulphur dioxide on nitrogen peroxide 
in a sealed tube -. ZSOg-bSNOo^SaNoOj-bNO 
(Weber, Ann. Phys. Chem. 1867, 130, 277 ; 
Hasenbaoh, J. pr. Chem. 1871, [ii], 4, 1 ; Eried- 
burg, Chem. News, 1883, 47, 62 ; Briner, 
Lunge, and Van der Wijk, Helv. Chim. Acta, 

1928, 11, 1125; Jlanchot and Schmid, Ber. 

1929, 62 [B], 1261 ; Jones, Price, and Webb, 
J.C.S. 1929, 312). The compound S02(0-N0)2 
could not be isolated. 

HypoNiiEDrs Acid, etc. 

Hyponitrous Acid, HjNjOo- — ^The exist- 
ence of this acid was surmised by Jlaumend 
(Compt. rend. 1870, 70, 147) ; its sodium salt 
was first obtained by Divers (Proc. Roy. Soc. 
1871, 19, 425) by reducing a solution of sodium 
nitrate with so^um amalgam. Divers (J.C.S. 
1899, 75, 95) has given a nearly complete list of 
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various metliods described for the production 
of hyponitrites, some of which give only traces 
or none at all. 

1. By the interaction of nitrous acid and 
hydroxylamine in solution : 

HO-NHj+OiN-OH = HO-NiN-OH+HnO.- 

A nitrite and a hydroxylamine salt in aqueous 
solution (Wishcenus, Ber. 1893, 26, 771 ; Paal, 
ihid., p. 1026), or free h3"droxylamine and N2O3 
in methyl alcohol solution (Kaufmann, q. by 
Hantzsch and Sauer, Annalen, 1898, 299, 67, 
98), may be used. 

Sodium nitrite solution is added to a solution 
of hydroxylamine sulphate and the liquid rapidly 
heated to 60°, when nitrous oxide is briskly 
evolved. Silver nitrate solution is then added, 
when a canary-yellow precipitate of silver 
hyponitrite, AggNaOj should bo formed ; unless 
the silver nitrate is added at the right moment 
a dirty yeUowish-white precipitate of silver 
nitrite is obtained. 

2. The most satisfactory method of preparing 
a hyponitrite is by the reduction of a concen- 
trated solution of sodiuih nitrite with sodium 
amalgam (25 g. of sodium in 140 c.c. of mercury), 
the flask being cooled with running water 
(Divers, J.C.S. 1899, 75, 95 ; modified by 
Partington and Shah, ibid. 1931, 2071 ; 1932, 
2589). The hyponitrite is most stable in 
presence of excess of alkali. After the reduction 
any hydroxylamine formed may be removed by 
adding mercuric oxide and, after neutralisation 
with nitric acid, silver nitrate solution is added t-o 
the liquid, when AgjNjOj is precipitated ; it is 
more convenient, however, to use excess of 
sodium amalgam, when the hydroxylamine is 
reduced to ammonia, which is eliminated by 
evaporation in a vacuum desiccator over con- 
centrated sulphuric acid, when ciystals of 
NajNjOg with 6 or SHjO separate. Those are 
crushed, triturated with absolute alcohol, 
washed with absolute alcohol and ether, and 
dried in a desiccator over concentrated sulphuric 
acid, when a stable white powder of nnhj’drous 
NajNgOg (p25 1.726) is obtained. Magnesium 
amalgam can also be used (Noogi and Nandi, 
ibid. 1928, 1449). 

3. By passing nitric oxide into a solution of 
sodium in liquid ammonia (Joannis, Compt. 
rend. 1894, 118, 715), but Zintl and Harder 
(Ber. 1933, 66 [B], 760) say the product is not 
a true hyponitrite. The action of nitric oxide 
on the sodium compound of pyridino (Weitz 
and VoUmer, ibid. 1924, 57 [B], 1015) has been 
recommended, but the product is contaminated 
by impurities* 

4. By oxidising hydroxjdaminc with metallic 

oxides(CuO, HgO, AggO) (Hantzsch andKauff- 
mann, Annalen, 1892, 292, 317), or sodium 
hypobromite (Kolotow, J. Russ. Phys. Cliom. 
Soc. 1900, 23, 3; Bull. Soc. chim. 1891, riiil, 
6, 924). ■' 

5. By the alkaline hydrolysis of hydroxyl- 
amine monosulphonic acid, HO-NH*SO,H 
(Divers and Haga, J.C.S. 1899, 75, 77) or fl- 
benzene sulphonyl hydroxylamine, 

HO-NH-SOgCoHs 
(Piloty, Ber. 1896, 29, 1559). 


6. By treating sodium hydroxylamine mono- 
sul|^ionate {v. HynnoxYLAJiiKE, Vol. VI, 
4036) with concentrated or fused alkali ; a 60% 
jdcld of AgjNjOj is said to bo obtained by 
precipitation (ICirschner, Z. anorg. Chom. 1892, 
16, 424; Hantzsch and Sauer, Annalen, 1898. 
299, 67 ; Wioland, ibid. 1903, 329, 225) : 

2 H 0 -NH-S 03 Na-f 4 Na 0 H 

= Na2N202-}-2Na2S03-f4H20. 

Divers reports a poor 3'ield by this method, and 
states that reduction of nitrites by aluminium 
amalgam, ferrous hydroxide, or fusion ^vith iron 
filings, is useless. 

Free h3q>onitrous acid is obtained by treating 
the silver salt with a solution of h3’drogon 
chloride in dry ether, and evaporating the filtrate 
in a desiccator. White crystalline leaflets arc 
obtained which almost at once decompose 
spontaneously with slight explosion, or otliorwisc 
by friction or contact with solid potassium 
hydroxide or acid vapours (Hantzsch and 
Kaufmann, l.c. ; Partington and Shah, I.c.). 
The crystals are too unstable to allow of anal3‘sis, 
but the molecular weight from the freezing- 
point of the aqueous solution corresponds with 
the formula H2N2O2. The ci^-stals arc rcndil3’ 
soluble in water ajid alcohol and are fnirl3' soluble 
in most organic solvents. The acid decomposes 
irreversibly; H2N202=N20-f H2O ; small 
amounts of nitric and nitrous acids arc also 
formed (Ray and Ganguli, J.C.S. 1907, 91, 1806). 
The heat of formation is 

2N-l-0-fAq.=H2N202,Aq.-57,400 g.-cal. 

(Bcrthclot, Ann. Chim. Phys. 1889, [vi], 18, 
571). 

Hyponitrous acid and its suits arc oxidised to 
nitric acid b3' bromine and b3' acid permanga- 
nate : 

6 N 8 M n O^-f 24 H • 

=10NO3'-f 8(VIn"-l-12H20 ; 
sodium amalgam docs not reduce them, but the 
free acid is reduced to hydrazine b3' NaHSOg 
(Brackcl, Ber. 1900, 33, 2115). The acid forms 
normal salts MjNjOo and some acid snlt.s 
the latter being vcr3’' unstable 
although Ba(HN202)2 and NH4HN202 have 
been obtained. The normal salts aie mostly 
obtained by precipitation (Divers, l.c. ; Ncogi 
and Nandi, l.c. ; Partington and Shah, l.c.). 
Esters are formed by tho action of the iodides on 
silver h3q)onitrito. Tho ethyl ester is a yellow 
oil (Zom, Bor. 1878, 11, 1630), tho benzyl ester 
a solid (Hantzsch and Kauffmann, l.c. ; for 
other esters, see Partington and Shah, l.c.). Tho 
molecular weights of tho esters in sohition corre- 
sponds ndth R2N2O2. On heating tho3' decom- 
pose with evolution of nitrogen and tho forma- 
tion of an alcohol and an aldehyde : 

(CH3-CH2)„N„0„ 

=CH3-CH2-0H-1-CH3-CH0-(-N2 
Tho salts decompose on heating : 

3Na2N202=2NaN02-i-2Na20-f2Na. 

3CaN202=2Ca0-f2N0-l-N2 

6CaN202=Ca(N03)2-k4Ca0-b4N2 
(Partington and Shah, J.C.S. 1932, 2589). 
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The formula of hyponitrons acid as the anit- 
fonn of diazodihydroside : 

N— OH 

II 

HO— N 


proposed by Hantzsch, is confirmed by the very 
small dipole moments of its esters (Hunter and 
Partington, ibid. 1933, 309). 

Nitrnmide, NHg-NOg, is isomeric with hypo- 
nitrons acid but is somewhat more stable, form- 
ing white crystals, m.p. 72° with decomposition : 
NH2'N02=N20-(-H„0. It is formed by the 
action of excess of cold concentrated sulphunc 
acid on potassium nitrocnrbamate (Thiele and 
Lachmaim, Ber. 1894, 27, 1909 ; Annalen, 1895, 
288, 267 ; Bronsted and Pedersen, Z. physikal. 
Chem. 1924, 108, 185; Marlies and La Mer, 
J. Amer. Chem. Soc. 1935, 57, 2008 ; Hunter and 
Partington, l.c .) : 

/OH 

CO< = C02-1-NH2-N02 

^NH-NOa 

or (in poor yield) by nitrjiting potassium imido- 
disulphonate in concentrated sulphuric acid 
and pouring on ice : 


NH(S03K)2-f3HN03 

=N(N02)(S03H)2-1-2KN03-1 -Hj 0 

N(N02)(S03H)2-f2H20 

' 3 12-r 2^nH2-N02+2H2S0,. 


Although Hantzsch suggested that nitramide is 
the syu-isomer of hyponitrous acid (Annalen, 
1896, 292, 340 •, 1897, 296, lll^ he later aban- 
doned this improbable theory (Ber. 1930, 63 [B], 
1270). Thiele and Lachmann (Annalen, 1897, 
296, 100) prefer the forniula NH2'N02, which 
is generally accepted, but admit the possibility 
that the substance is the imide of nitric acid. 


.O 

HN=NC 

^OH 


It forms a mercuric salt, HgN-NOj, and hence 
has some acidic function. 

Hyponitric Acid, H2N2O3 (usually called 
nitrohydroxylamic acid), is formed as the sodium 
salt by the action of ethyl nitrate on a solution 
of free hydroxylamine in methyl alcohol in 
presence of sodium methoside (Angeli, Gazzetta, 
1896, 26, ii, 17 ; “Sammlung chem.- rmd chem.- 
techn. Vortrage,” ed. by Ahrens and Herz, 
1908, 13 ; MaSchta, Coll. Czech. Chem. Comm. 
1938, 10, 32) ; 

NHa-OH-hCaHs-NOs 

= H0-NH-N02+C2Hs-0H. 

The sodium salt NajNgOs. which forms a 
hydrate with 1 H 2O, is fairly stable, but on 
aeidifieatien the free aeid frstently freeompeses 
with evolution of nitric oxide : 

H2N203=H50-1-2N0. 

The existence of HjNgOs as an intermediate 
stage in the oxidation of NH2OH by per- 
manganate was suggested by Thnm (Monatsh. 
1893, 14, 303). 


Hydronitrous Acid, HgNOo, is known as 
a deep yellow sodium salt, N 321402. exploding 
in contact with moist air, obtained by the 
action of sodium on sodium nitrite in liquid 
ammonia (Maxted, J.C.S. 1917, 111, 1016; 
Zintl andKohn, Ber. 1928, 61 [B], 189). 

Niteio Acm. 

Nitric acid, HNO3, is, after ammonia, the 
oldest hnown nitrogen compound. It has been 
supposed that the ancient Egyptians used it 
to dissolve silver (J. R. Partington, “ Origins 
and Development of Applied Chemistry,” 
Longmans, 1935, p. 149). It is described in 
the Latin works ascribed to Geber, which were 
probably written about 1150, and in the “ Pro 
Conservanda Sanitate ” (Maintz, 1631) of Vital 
du Pour (died 1327), compiled from older 
sources, in which its preparation by distilling 
saltpetre (salpelras) with green vitriol {corprossa) 
is mentioned. It was well known to the al- 
chemists from the fourteenth century (H. 
Kopp, “ Geschichte der Chemie,” 1845, Vol. IH, 
p. 219 ; Guttmann, 7-S.C.L 1901, SO, 5), who 
obtained it by several wasteful processes, most 
of which feature in recent patent specifications, 
and called it aqua dissolutiva, aqua acutis, or 
aqua foriis. It was used in the sixteenth century 
for parting gold and silver, and hence was 
called chrys^ca or “ eau do depart ” (Bude, 
1516). The concentrated fuming acid (called 
spiritus 7iiin acidus, spiritiis niiTi futnons 
Qlauberi, etc.) was prepared by Glauber about 
1658 by the satisfactory method of distilling 
saltpetre (nitre, KNOs) with concentrated sul- 
phnsk, acid. The. cotaposhSon. nitek. arad 
was investigated by Lavoisier in 1776 ('* Oeu- 
vres,” Vol. n, p. 129), who found that it could 
be formed by the oxidation of nitric oxide, but 
it was Cavendish in 1785 (Plul. Trans. 1785, 75, 
372) who first showed that it contained oxygen 
and nitrogen, since potassium nitrate was found 
by sparking a mixture of these two gases in con- 
tact with potash solution. The quantitative 
composition was established by Gay-Lussac 
(Ann. Chim. Phjrs. 1816, [ii], 1, 394; T. M. 
Lowry, “ Historical Introduction to Chemistiy,” 
Macinillan, 1915, p. 197). 

Nitric acid is formed by electrical discharges 
in the atmosphere, and by the oxidation of 
nitrogenous organic matter by bacteria in the 
soil in the presence of bases (p. 544a), and it 
occurs as Bengal saltpetre (KNO3) and Chile 
saltpetre (NaN03). It is formed by the action 
of suitable oxidising agents on ammonia (r. 
Nitkogbn, Atmosphebic, TJthjcsation of, this 
Vol., p. 544a), and on less oxidised compounds 
of nitrogen, and by electrolytic and biochemical 
oxidation. 

On the small scale, nitric acid is made by dis- 
tilling equimolecular amounts of potassium or 
sodium nitrate with concentrated sulphuric acid 
in a stoppered retort : 

KN03-}-H2S04=KHS04-1-HN03. 

Ammonium nitrate reacts peculiarly with con- 
centrated sulphuric acid (Pelouze, Ann. Chim. 
Phys. 1841, [ii], 2, 47) ; when the dry nitrate is 
heated with excess of concentrated sulphunc 
acid at 90-120° nitric acid distils, but at 150° 
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the sole products are nitrous oxide and water, 
no nitric acid being formed. 

When the distillation of the sodium or potas- 
sium nitrate with sulphuric acid is cairied out in 
a stream of carbon dioxide a 98% acid can be 
obtained. Fractional crystallisation of the acid 
gives a 994±0-l% acid. Absolute nitric acid 
exists only in the form of snow-white crystals, 
m.p. —41° (Biltz and Hiilsmann, Z. anorg. Chem. 
1932, 207, 377) or —41-5° (Briner, Susz, and 
Favarger, Helv. Chim. Acta, 1936, 18, 375). 
On melting these, a yeUow liquid results, which 
is a solution of a little nitrogen pentoxide and 
water in nitric acid: 2HNO^^ N^O^+H^O 
(Kiister and Mrmch, Z. anorg. Chem. 1905, 
43, 350). 

The most concentrated liquid acid is prepared 
by repeatedly distilling ordinarj' pure con- 
centrated nitric acid with its own (or twice) its 
volume of concentrated sulphuric acid in an all- 
glass vacuum apparatus protected from light 
(Veley and Maiey, Phil. Trans. 1898, 191, 
365; c/. L. Meyer, Bor. 1889, 22, 23; Mischt- 
schenko, J. Appl. Chem. Russia, 1929, 2, 621 ; 
Luhdemann, Z. physikal. Chem. 1935, 29, 133). 

The freezing-point diagram (Fig. 7) shows two 



to orthophosphoric acid. The Raman spectra 
(Dadiou and Kohlrausch, Naturm’ss. 1931,_ 19, 
690) indicate that aqueous solutions of nitric 
acid contain a considerable amount of the 
pseudo-form HO'NOo, and the pure acid is 
exclusively this, the ionic form H+N 03 ~_ being 
progressively formed on dilution. No evidence 
of the presence of the nitronium nitrate form 
[N 0 ( 0 H),]N 03 , postulated by Hantzsch and 
Berger (Ber. 1928, 61 [B], 1328), was found, 
the N O 3 ' frequency being absent. 

The density of “ 100% ” nitric acid °) is 
1‘603 (Briner, Susz, and Favarger, Helv. Chim. 
Acta, 1936, 18, 376) and of 99-97% acid (pf) 
1-B02G9 (Luhdemann, Z. physikal. Chem. 1935, 
B, 29, 133). The densities of solutions of 
dilTorcnt concentrations at different tempera- 
tures Jiavo been determined by several in- 
vestigators (Lunge and Roy, Z. angew. Chem. 
1891, 1C5; Veley and Manley, l.c., and J.S.C.I. 
1903, 22, 1227; BousGeld, J.C.S. 1916, 107, 
1405). 

The follonung tabic is constructed from Lunge 
and Roy’s values : 


Pi • 

HNOj, %. 

P* - 

HNOj, %. 

1-00 

0-10 

1-30 

47-40 

1-05 

8-99 

1-35 

55-70 

1-10 

17-11 

1-40 

05-30 

1-15 

24-84 

1-45 

77-23 

1-20 

32-30 

1-50 

04-09 

1-25 

39-82 

1-52 

09-07 


The density of n-HNO, (63-13 g. per 1.) at 18° 
is 1-0324 (Loomis, Ann. Phys. Chem. 1897, fiii], 
60, 523) and at 18-6° 1-0318 (Kohlrausch, ibid. 
1885, [iii], 26, 161), Bousfield (l.c.) gives for 18° ; 

* 2 *1 « xo au 

pj® 1-0324 1-0151. 1-0072 1-00293 1-00080 0-99973 


Fig. 7. 

maxima corresponding with the crystal hydrates, 
HN03,H20(-38°)and HN03,3Hj0 (-18-6°)^ 
and three minima corresponding -with the 
eutectic mixtures ( 1 ) ice-}- HN 03 , 8 H „0 (—43°), 

(2) HN 0 s, 3 H 30 -hHN 03 ,H 20 (-42°), and 

(3) HN 03 ,H 20 -t-HN 03 (— 66 °) (Pickering, 
J.C.S. 1893, 63, 436; Kuster and Ejomanii, 
Z. anorg. Chem. 1904, 41, 1). The existence of 
soUd hydrates of nitric acid was recognised by 
Cavendish from experiments by McNab at 
Hudson Bay (Phil. Trans. 1786, 76, 241 ; 1788, 
78, 166). Other solid hydrates, formvilatcd as 
N(0H)5, 0[N(0H)J2 and 0[N0(0H)2], 
(Erdmann, Z. anorg. Chem. 1902, 32, 431 ; Z. 
angew. Chem. 1903, 16, 1001), are not shown on 
the freezing-point diagram ; the existence of 
N( 0 H )5 ^ solution has been inferred from 
the refractive indices (Veley and Manley, Proc. 
Roy, Soc. 1901, 68, 128 ; 1901, 69, 86 ; J.C.S. 
1903, 83, 1016) and absorption spectra (Hartley, 
Proc. Roy. Dublin Soc. 1905, [ii], 10 , 373), but 
the evidence is insufficient (Kuster and Kro- 

’ I^uster, Z. angew. Chem. 1903, 16, 
1079). The hydrate HN 03 ,H 20 might bo 
formulated HgNO^ or O^N(OH) 3 , analogous 


The density of concentrated nitric acid con- 
taining N 2 O 4 ("fuming nitric acid ’’) increases 
wth the wciglit percentage of NnO^ to 42-6%, 
when it reaches a maximum ; this corresponds 
with the composition HNOa.NO;, and the 
reciprocal solubility of nitric acid and nitrogen 
peroxide at different temperatures is said (Pascal 
and Gamier, Bull. Soc. chim. 1919, [iv], 25, 
309 ; c/. BousGold, J.C.S. 1919, 115, 45 ; Ix)UTy, 
Lloyd, and Lloyd, ibid. 1936, 10) to indicate 
that this is a definite compound stable below 
-48-5° but dissociating above this tomporature 
with liberation of N 2 O 4 . 

Tlio thermal expansion of dilute (Forch, Ann. 
Phys. Chem. 1895, liii], 55, 100; Ostwald, J. 
pr. Chem. 1877, [ii], 16, 385) and concentrated 
(Kiister and ICromnnn, l.c.) solutions has boon 
studied; in concentrated solutions the expan- 
sion-concentration curve shows two breaks at 
64-0% HNO 3 (HNOa.SHjO) and 77-77% 
HNO3 (HN03,H20), corresponding -with the 
compositions of the solid hydrates. 

The _ viscosity of " 100% ’’ nitric acid at 
24-9° is ij=0-007G poise. The viscosities of 
aqueous solutions (Graham, Phil. Trans. 1861 
151, 373; J.C.S. 1862, 15, 427; Paggliani and 
Oddone, Atti Accad. Torino, 1887, 22, 314; 
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Keyher, Z. physikal. Chem. 1888, 2, 744; 
Kuster and Kremann, Z. anorg. Chem. 1904, 
41, 1 ; Bousfield, J.O.S. 1916, 107, 1781 ; Bing- 
ham and Stone, J. Physical Chem. 1923, 27, 
701 ; Rhodes and Hodge, Ind. Eng. Chem. 1929, 
21, 142) of various concentrations at various 
temperatures have been determined. Bingham 
and Stone found (in centipoises) : 


Wt. % . 12-65 
10° . . 1-329 

20° . . 1-057 

40° . . 0-724 

Wt. % . 69-86 
10° . . 2-609 

20° . . 2-039 

40° . . 1-356 


25-28 38-05 

1-500 1-842 

1- 210 1-509 

0- 848 1-033 

77-24 88-34 

2- 487 1-790 

1- 952 1-452 

1-312 1-025 


62-13 62-66 

2-390 2-647 

1-883 — 

1-286 1-369 

99-19 

1-070 

0-913 

0-698 


Bousfield, for solutions of normality N., found 
(in centipoises ; 17 for water at I8°=l-0514 oenti- 
poise) : 


N. 

4° 

11° 

0 

00 

25° 

1 

1-6487 

1-2807 

1-0731 

0-9176 

i 

1-5618 

1-2684 

■ 1-0590 

0-9011 

i 

1-6662 

1-2655 

1-0546 

0-8969 

i 

1-6580 

1-2661 

1-0510 

0-8943 


1-6605 

1-2663 

1-0526 

0-8927 

A 

1-5830 

1-2672 

1-0628 

0-8920 


There is a maximum viscosity at about 65% 

HNO3. 

The surface tension, y, in dynes per cm. of 
pmre nitric acid is : 11-6° 41-30, 46-2° 35-96, 
78-2° 31-46 (Aston and Ramsay, J.C.S. 1894, 65, 
167), and those of solutions at 20° (Jahnke, 
Dissert. Heidelberg, 1909, quoted in Beibl. 
Ann. Phyaik, 1910, 34, 619) : 


Wt. % HNO3 7-36 9 22 37 60 70 

y . . . . 73-10 72-70 71-48 68-10 65-43 69-36 


The boiling-point of the purest nitric acid is 
86° with decomposition, or 21-5° at 24 mm. 
(Erdmann, Z. anorg. Chem. 1902, 32, 431; 
Berl and Samtleben, Z. angew. Chem. 1922, 35, 
201). The solution in water has a maximum 
boiling-point: 120-6° at 736 mm. (68-0% 
HNO3); at 1,220 mm. the azeotropic solution 
contains 68-6% of HNO3 (Roscoe, Annalen, 
1860, 116, 203 ; J.C.S. 1861, 13, 146). Although 
the azeotropic solution at 1 atm. pressure (first 
investigated by Dalton) corresponds approxi- 
mately with 2HN03,3H20, it is not a definite 
compound. By passing an indifierent gas 
through the acid at ordinary temperature 
residues differing widely in composition are 
obtained. 

The vapour pressures of nitric acid solutions • 
and the boiling-points under various total 
pressures have often been investigated (Saposh- 
nikoff, Z. physikal. Chem. 1905, 53, 225 ; Creigh- 
ton and Githens, J. Franklin Inst. 1916, 179, 
161 ; Creighton and Smith, ibicL. 1916, 180, 703 ; 
Sproesser and Taylor, J. Amer. Chem. Soc. 1921, 
43, 1782; Taylor, Ind. Eng. Chem. 1925, 17, 
633 ; Perry and Davis, Chem. Met. Eng. 1934, 
41, 188; Wilson and Miles, Trans. Faraday 
Soc. 1940, 36, 356; Forsythe and Giauque, 
J. Amer. Chem. Soc. 1942, 64, 48, 3069 ; 1943, 
65, 2479). 

The following table is compiled firom Taylor’s 
figures. A is the partial pressure in millimetres 
of HNO3 and B the partial pressure in milli- 
metres of HgO in the vapour in equilibrium 
with liquid acid of weight-% HNO3 shown on 
the left. The sum of A and B gives the total 
vapour pressure. A hyphen shows that the 
partial vapour pressure is inappreciable; 
blank spaces indicate that no values were 
determined. 


% HNO3. 

0°. 

15°. 

25°. 

40°. 

60°. 

0 

0 

00 

100°. 

115°. 

125°C. 

20 A 

. 

_ 




0-53 

1-87 



B 

4-1 

10-9 

20-6 

47-5 

128 

307 

675 



30 A 

- 

- 

. 

0-11 

0-51 

1-87 

6-05 



B 

3-6 

9-7 

17-8 

41 

113 

267 

680 



40.4 

- 

- 

0-12 

0-36 

1-48 

6-1 

15-5 

32-5 


B 

3 

8 

14-6 

33-5 

90 

218 

480 

810 


00 A 

0-19 

0-69 

1-21 

3-10 

9-9 

27-6 

69-6 

126 

187 

B 

1-5 

4-1 


18-1 

61 

120 

285 

495 

700 

70.1 

0-79 

2-18 

^ms m 

9-65 

27-1 

67-5 

152 

262 

372 

B 

1-1 

3 


12-8 

35-3 

86 

192 

330 

469 

80.1 

2 

6 

10-5 

24-5 

67 

158 

330 

545 


B 

- 

1-7 


7 

20 

48 

108 

185 


BOA 

5-5 

15 

27 

62 

157 

338 

675 



B 



1 

2-4 

6-5 

16 

35 



100 A 

11 

30 

57 

133 

320 

625 



mm 


In mixtures of concentrated nitric and sul- 
phuric acids the vapour pressure rises to a 
maximum and then falls with increasing per- 
centage of HNO3. With HNO3 of pl-40 the 
maximum (23-6 mm.) is with 45% of HNO,, 
and with HNO3 of p 1-48 the maximum (34 
mm.) is with 67% of HNO3. With the pure 
acids the value rises steadily to 41 mm. with 
80% of HNO3, remains constant up to 92% of 
HNO3, and then rises to 46 mm. with pure 
HNO3. These values are at 15° (Saposhnikov, 
Z. physikal. Chem. 1904, 49, 697; 1905, 51, 
609 ; 1906, 53, 225); Pascal ( Compt. rend. 1917, 


165, 589 ; Pascal and Gamier, Ann. Chim. 1921, 
[ix], 15, 263 ; P. Pascal, “ Trait6 de Chimie 
min4rale,” Masson, Paris, 1932, 3, 242) has 
studied the vapour pressures of the system 
SOg-NgOg-HgO and represented them on a 
triangular diagram. 

The specific heats of solid and liquid HNO3 
and the two hydrates (Forsythe and Giauque, 
J. Amer. Chem. Soc. 1942, 64, 48; 1943, 65, 
2479) at various temperatures (g.-cal. per g,- 
mol.) are shown in the Table below ; the melting- 
points are: HNOg 231-51° k., HN 03,H20 
235-48° K., HN03,3H20 264-63° k-, and 
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above these 
liquid; 


T, °K. . . 

HNO 3 . . 

HNOj.HiO 
HNOj.SHjO 


temperatures the substances are 

. . 20 40 80 100 lEO 

, . 1-238 4-463 8-825 10-06 12-37 

. . 1-228 4-708 10-37 12-34 16-87 

, . 2-009 7-826 17-06 20-37 27-12 


T, °K. . . 

HNO 3 . . 

HNOj.HjO 

HNOj.SHzO 


. 200 250 

. 14-70 26-65 
. 18-77 43-19 
. 33-22 40-61 


270 300 

26-51 26-24 
43-41 43-62 
76-94 77-80 


The latent heat effusion of HNO 3 is 2,503 g.- 
cal.perg.-mol.,of HN03,H20 4,184g.-cal.perg.- 
moL, and of HN03,3H 20 6,954 g.-cal. per g.- 
mol. (Forsythe and Giauque, l.c.). The latent 
heat of evaporation of HNO 3 is approjdmatoly 
7,250 g.-cal. per g.-mol. at the boiling-point 
(Berthelot, Ann. Ghim. Phys. 1877, [v], 12, 
529), or about 9,355 g.-cal. per g.-mol. at 26°o. 
(Wilson and Miles, ^ans. Faraday Soc. 1940, 
36, 356). The entropy of liquid H NO 3 at 26°o. 
is 37-19 g.-cal. per g.-mol. per degree, and of the 
gas 63-6 g.-cal. per g.-mol. per degree at 25°o. 
and 1 atm. (Forsythe and Giauque, l.c.). 

The specific heats of nitric acid solutions, vuth 
n mol. of HNO 3 to 1 mol. of HjO, at 20° 
(Pascal and Gamier, Bull. Soc. chim. 1920, [iv], 
27, 8) are ; 


n . . . . 

. 10-0 

26-57 

40 

60-52 

G.-cal. per g. . 

. 0-900 

0-787 

0-099 

0-037 

n . . . . 

. 81-80 

02-15 

98-15 


G.-cal. per g. . 

. 0-575 

0-500 

0-475 



The specific heats c g.-cal. per g. of more dilute 
solutions were measured by JIarignac at 21-62° 
(Ann. Chim. Phys. 1876, [v], 8, 410) and J. 
Thomsen at 18° (“ Thermochemischo Unter- 
suchungen,” Leipzig, 1882, Vol. I, p. 38) : 


n 

. . 5 

10 

12-5 

20 

c 

, . 0-72122 

0-768' 

0-80432 

0-849' 

n 

. . 25 

50 

100 

200 

c 

. . 0-87622 

0-930' 

0-92732 

0-903' 

0-90182 

0-082' 


n=no. of mol. of HjO per mol. of HNO 3 ; « Thom- 
sen, 2 Marignac. 


The heal of dilution (g.-cal. evolved) for 1 g.- 
mol. of H N O3 in n g.-mol. of water is given by 
the formula 8,9747;/(7i-M-737) (J. Thomson, 
“ Thermochemischo Untersuchimgon,” Leipzig, 
1883, Vol. Ill, p. 34 ; cf. Richards and Rowe, 
J. Amer. Chem. Soc. 1921, 43, 779; Rossini, 
J. Res. Nat. Bur. Stand. 1931, 6, 791 ; 1931, 7, 
47 ; Forsythe and Giauque, l.c,, who calculate 
7,971 g.-cal. per g.-mol. to infinite dilution 
from their experiments). 

The heat of formation (evolved) of nitric acid in 
aqueous solution H-t-N-f30-fAq.= HN03,Aq. 
IS 49,090 g.-cal. (Thomsen, op. cit., 1882, Vol. 11, 
p. 199; Aq.=300H2O) or 48,800 g.-cal. (Bertho- 
lot, “ Thermochimie,” Gauthier- Villars, 1897, 
Vol. n, p. 107) fi^om which, by subtracting the 
heat of solution, 7,480 g.-cal. (Thomson) or 
7,180 g.-cal. (Berthelot), the heat of formation 
of the pure liquid acid H-^N-^-30=HN0^, 
18 found to be 41,610 g.-cal. (Thomsen) or 41,620 
g.-cal. (Berthelot). From the data of Roth and 
Becker (Z. Elektrochem. 1934, 40, 836), Forsythe 
and Giauque (l.c.) calculate 41,349 g.-cal., and 
for the available energy {0=^E-TS+PV) change 
at 26°c.A(7= -11,539 g.-cal. 


The refractive indices of concentrated nitric 
acid at 20° (Briihl, Z. physikal. Chem, 1897, 22, 
373) are : 


Pi • 

1-60999 

1-50876 


J). 

1-39584 

1-39687 


^a- 

1-39309 

1-39407 


Hr. Py. 

1-40207 1-40374 

1-40308 1-40938 


The refractive indices of solutions show a maxi- 
mum value (1-4061 at 14-2° for D lino) for 70% 
H N Og, the values for 50% and 99% acids being 
practically identical (Veloy and Manlo3% Proc. 
Roy. Soc. 1901, 68, 128 ; 1901, 69, 86 ). Nitric 
acid of concentration above 65% is decomposed 
by light and becomes yellow : 

4HN0g^2H20-f4N02-b02 

(Berthelot, Compt. rend. 1898, 127, 143 ; ^’oloy 
and Manley, Phil. Trans. 1898, 191, 365). Only 
the vapour is decomposed, the liquid acid in n 
complotcl3' filled bottle remaining colourlc.ss. 
The reaction is reversible, the products of decom- 
position recombining in the dark. The an- 
h3’drous (100%) acid decomposes in the dark 
(Reynolds and Taylor, J.C.S. 1912, 101, 131). 

The mass magnetic susceptibility of nitric acid 
is ;^=— 0-300x10“® c.g.B. units (SchalTcr and 
Taylor, J. Amer. Chem. Soc. 1926, 48, 843). 

Tho dccirical conductivity, k, inolmi"' cm.~' of 
nitric acid solutions of concentrations c g.-mol. 
per 1. at 26° is (D. F. Smith, ibid. 1923, 45, 302 ; 
cf. Koblrausch, Ann. Phys. Chem. 18S5, 26, 
161 ; Arrhenius, Z. ph5*Biknl. Chem, 1889, 4, 90 ; 
Loomis, Ann. Phys. Chem. 1897, 60, 5-47 ; Volej' 
and Manley, Proc. Roy. Soc. 1897, 62, 223; 
Kiistor and Kromann, Z. nnorg. Chom. 1904, 
41, 1): 


c . . 03007 0-619.'> I-OIO.S 2-5110 3-3452 

K . . 0-1112 0-1850 0-3335 0-0514 0-7585 


Veloy and Jlnnloy foimd two irrogularitics in tho 
conductivity-concentration curve at 25 and 
60 mol.-% HNOg, corresponding with tho 
hj'drates HNOg.SHjO and HNOg.HgO, and 
a third at 90-100 mol.-%, perhaps corresponding 
with tho formation of NoOj. Nitrates increase 
tho conductivity of concentrated nitric acid in 
proportion to tho amount dissolved (Bouty, 
Compt. rend. 1888, 106, 595, 654). Tlio cqui- 
valent conductivity A=kv ohra-i cm.- at 26° 
(t;=dilution in 1. per g.-cquiv.) is (Hlasko and 
Klimowsld, Bull. Acad. Polonaise 1932, A, 257 ; 
cf. Kohlrausch and Grotrian, Ann. Phys. Chom. 
1876, 154, 1, 216 ; Noyes cl al., Z. physikal. 
Chom. 1910, 70, 336) : 

V .. 2 8 32 128 512 2,043 « 

A . . 347-2 380-7 397-9 403-2 414-8 418-9 425-9 

The tomporaturo coefficient of A is 0-016 at 
18-100° (Arrhenius, l.c.). 

Tho transport number of NO,' in O-lx-HNOg 
at 26° is 0-1669 (IMacInnos and Cowporthwaito, 
Trans. Faraday Soc. 1927, 23, 400) and the 
mobility of NOg' at infinite dilution at 25° is 
71-42 ohm“^ cm.- (Macinnes, Shedlovsky, and 
Longsworth, J. Amor. Chom. Soc. 1932, 64, 
2678; Stonohill, J.C.S. 1943, 647). 

Tho freezing-points of nitric acid solutions 
(Jones, Z. physikal. Chem. 1893, 12, 623 ; Jones 
and Getman, Amer. Chom. J. 1902, 27, 433- 
Noyes and Falk, J. Amer. Chom. Soc. 1910, 32’, 
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1011; Abel, Eedlich, and von Lengyel, Z. 
physikal. Chem. 1928, 132, 189) and the corre- 
sponding calculated activity coefficients, y, at the 


freezing-point are : 

m . 0*005 0*01 

0-05 

0-1 

0-5 

0/m ■ 

. 3-63 

3-60 

3-516 

3-494 

3-498 

y- - 

. 0-930 

0-905 

0-827 

0-784 

0-708 

m 

B/m . 

y- - 

. 1-0 

. 3-805 
. 0-706 

2-0 

3-861 

0-759 

3- 0 

4- 143 
0-845 

4-0 

4-442 

0-959 



(m=inolalitv (g.-mol. of HNOj per 1,000 g. of H^O), 
0 =free 2 mg-polnt depression, 0/»i=inolal depression.) 


The values of y calculated for 0° and 25° &om 
fireezing-point measurements (Hartmann and 
Eosenfeld, Z. physikaL Chem. 1933, 164, 377) 
are : 


m 

. 0-001 

0-01 

%]m . 

. 3-67 

3-60 

yo • 

. 0-966 

0-905 

725 . 

. 0-966 

0-905 

m , 

. 1-0 

2-0 

dim , 

. 3-640 

3-S64 

yo • 

. 0-714 

0-780 

725 . 

. 0-724 

0-793 


0-05 

0-1 

0-5 

3-519 

3-492 

3-496 

0-828 

0-791 

0-715 

0-828 

0-791 

0-720 

3-0 

4-0 

5-0 

4-145 

4-430 

4-708 

0-8S2 

0-966* 

1-097* 

0-909 




* Atf.p.(m=4,0= -17-718°; m=5, -23-538°). 


The activity coefScients calculated from the 
e.m.f. of the quinhydrone electrode in nitric 
acid, suitably corrected (StonehiU, J.G.S. 1943, 
647) are practically the same as those for 
hydrochloric acid at the same concentrations. 

The nitric acid molecule is planar (Maxwell 
and Mosley, J. Chem. Physics, 1940, 8, 738; 
Forsythe and Giauque, J. Amer. Chem. Soc. 
1942, 64, 48) and the general shape is a triangular 
N O3 with distances N to O of 1-22 a. in the 
unshared oxygens and 1-41 a. for N to the O 
of the OH radical. The O to H distance is 

0- 96 A. The O-N-O angle is 130° for the 
unshared oxygens and 116° between the N to 
shared O bond and the other two. The NO3' 
ion in crystals of nitrates is also planar (Elliott, 
ibid. 1937, 59, 1380) with the N— O distance 

1- 21 A. The HNO3 molecule is best interpreted 
as a resonance hybrid between the two forms 
(Ii. Pauling, “ The Nature of the Chemical 
Bond,” Ithaca, N.Y., 1940, p. 209) : 

H— O— N<f ^N— O— H 

o" 


The chemical properties of nitric acid may be 
summarised by the statement that it is at the 
same time a strong acid and, at least when con- 
centrated, a strong oxidising agent. The usual 
methods (rates of hydrolysis of methyl acetate 
and inversion of cane sugar, freezing-point 
lowering and conductivity) show that it is a 
very strong acid. For th& reason it has a high 
heat of neutralisation, 13,680 g.-cal. with 
sodium hydroxide and 13,770 g.-cal, with 
potassium hydroxide (J. Thomsen, “ Thermo- 
chenptry,” I^ngmans, 1908, p. 115), or at 
i nfini te dilution 13,705 g.-cal. for sodium 
hydroxide and 13,700 g.-cal. for potassium 
hydroxide (Richards and Eowe, J. Amer. 
Chem. Soc. 1922, 44, 684). The heat of ionisa- 
tion for V (kg. containing 1 g.-mol. of HNO3) 
=1-5-6 is 2,800 g.-cal. (Petersen, Z. physikal. 
Chem. 1893, 11, 174) and for u=10 it is 1,362 


g.-cal. (Arrhenius, ibid. 1888, 4, 96; 1892 9 
339). 

Nitric acid is readily soluble in ether, in which 
it has a normal molecular weight, and the distri- 
bution coefScient between ether and water has 
been determined (Bogdan, Z. Elektrochem. 1905, 
11, 824 ; 1906, 12, 489 ; Hantzsch and Sebaldt, 
Z. physikal. Chem. 1899, 30, 285). AH normal 
metallio nitrates are soluble in water and there 
is practically no tendency to complex forma- 
tion. Some basic salts are sparingly soluble. 
Some acid salts, e.g., NH4N03,HN03 and 
NH4N03,2HN03, and the corresponding 
potassium salts, are known (Groschuff, Bet. 
1904, 37, 1486). 

In its oxidising actions, nitric acid is capable of 
reduction to HNOj, NOg, NO, NjO, HjNjOj, 
hydroxylamine, nitrogen, and ammonia, and 
the reactions with metals may be systematised 
by postulating an ionisation of HNO3 or 
hypothetical hydrates to give OH' ions and 
cations which lose positive charges to the metal 
(W. Ostwald, “ Principles of Inorganic Chem- 
istry,” Macmillan, 1904, p. 638) : 

HNO 5 -> NOj'-fOH' NOj-f-OH'-fe 

xNO,H”-f 20 H' HN 0 ,-}- 20 H'-f 2 e 
N0(0H)3(^ 

^NO‘"-f30H’ -i- N04-30H’-!-2© 

— - 9 - iH,N,0,-}-40H'+4e 

-t-SOH' -5- iN.-fSOH'-fS© 

The oxidation potential is lowered by the 
presence of nitrous acid, which, however, 
catalytically increases the rate of oxidation 
(Ihle, Z. physikal. Chem. 1896, 19, 577 ; Elling- 
ham, J.C.S. 1932, 1565) ; in the electrolysis of 
the acid between platinum electrodes there are 
two alternative reactions, (a) reduction to 
nitrous acid, and (6) evolution of hydrogen, of 
which (o) is strongly autocatalytic. 

Nitric acid is not affected by hydrogen gas at 
ordinary tempera tut es or at 100° (Berthelot, 
Compt. rend. 1898, 127, 27), but is reduced by 
it to ammonia in presence of platinum sponge 
(Wagner, Dinglers Polytech. J. 1867, 183, 76). 
The concentrated acid on slightly wanning 
oxidises boron to boric acid with evolution of 
NO and nitrogen, carbon to carbon dioxide, and 
in the cold if fciely divided, phosphorus to phos- 
phorous acid and finally to phosphoric acid 
(when according to Montemartini, Gazzetta, 
1898, 28, i, 397, ammonia is also produced). 
Sulphur is oxidised to sulphuric acid with great 
readiness if finely divided, selenium to selenious 
acid, and iodine to iodic acid. In these reactions 
NO and NOj are evolved. Hydrides are ako 
oxidised : phosphine readily, hydrogen sulphide 
only if N Oo is present (acid of p 1-18 firee from 
NOo has no action: Kemper, Annalen, 1857, 
102, 342), hydrogen selenide violently (Hof- 
mann, Ber. 1870, 3, 660). Hydrogen bromide at 
0° forms bromine and NOo, hydrogen iodide 
jields iodine and N O (H N O'j in dilnte solution, 
Eckstadt, Z. anorg. Chem. 1901, 29, 51) and 
faming nitric acid may inflame gaseous HI 
(Hofinann). Hydrochloric acid forms NOCl 
and CI2. 

Sulphur dioxide reduces H N O3 readily, some 
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N2O being formed. In presence of dilute sul- 
phuric acid reduction is still more readily 
effected, ■with evolution of N O, and in presence 
of concentrated sulphuric acid nitrosyl hydrogen 
sulphate, N0'HS04, is formed: this is pro- 
duced if sulphur dioxide is passed slo'wly into 
weU-cooled concentrated nitric acid (Weber, 
Ann . Phys. Chem. 1867, 130, 277 ; see p. 532c). 
Ferrous salts yield N O, stannoiis salts hydroxyl- 
amine and ammonia, arsenic tricHorido and 
trioxide form arsenic acid, and antimony tri- 
chloride forms antimony pentoxido. 

The action of nitric acid on metals is complex. 
All metals, except pure aluminium, gold, niobium, 
tantalum, rhodium, iridium, and platinum, are 
attacked by nitric acid of various concentrations. 
Some metals commonly dissolved, e.g., iron, may 
become “ passive ” in concentrated nitric acid, 
the rate of solution being then reduced to a 
small value, and, conversely some metals not 
alone attacked may dissolve along ■with another 
metal in an alloy or amalgam, e.g., an amalgam 
of 4-64% of platinum and 95'35% of mercury is 
completely soluble (Tarugi, Gazzetta, 1903, 33, 
ii, 171). 

The action is more rapid ■when the metal is at 
rest in the acid than when it is rotated rapidly, 
which indicates that nitrous acid accumulating 
around the metal as a result of the attack by 
the acid exerts an autocatalytic action (Veloy, 
J.G.S. 1889, 55, 361; Hedges, ibid. 1930, 561). 

The result of the action is the nitrate of the 
metal, except in the cases of tin, arsenic, anti- 
mony, molybdenum, and tungsten, when an 
oxide is formed, and the nitric acid is reduced to 
various products {see above). 

With less reactive metals (copper, silver, 
mercury, bismuth) reduction proceeds only to 
the stage of nitrous acid or oxides of nitrogen ; 
■with more reactive metals (magnesium, zinc, 
cadmium, tin, manganese, iron, cobalt, and 
nickel) reduction proceeds to the stages of 
nitrogen, hydroxylamine, and ammonia, perhaps 
as^ a result of reduction by hydrogen ns a 
primary product. Magnesium and manganese 
■with cold, very dilute, nitric acid evolve hydro- 
gen. Zinc and verj'^ dilute acid give ammonia ; 
with tin, hydroxylamine is one of the products 
(Divers, ibid. 1883, 43, 443, 455). The products 
■with a given metal may depend on the concen- 
tration of the acid (which changes during 
reactioii), the temperature, and the accumulation 
in solution of the products of reaction ; ■with zinc 
ill intermediate concentrations nitrous oxide and 
nitrogen may be formed in considerable amounts, 
and although the chief product of the action 
of dilute nitric acid on copper is nitric oxide, 
nitrogen peroxide (NOj) is formed ■with con- 
centrated acid, and ■with acid of moderate con- 
centrations the later portions of gas evolved 
vith copper may contain nitrous oxide and 
mtrogen (Montemartini, Gazzetta, 1892, 22, i, 

Accad. Lincei, 

1892, -[v], 1, i, 63 ; Walker, J.G.S. 1893, 63, 846 ; 
^illmann, J. Amer. Ghem. Soc. 1897, 19, 711 ; 
^eer and Higley, Amer. Ghem. J, 1899, 21, 
377 ; Bijlert, Z. physikal. Chem. 1899, 31, 103 ; 
Gladstone, PhU. Mag. 1900, [v], 50, 231; 
Stansbie, J.S.C.I. 1908, 27, 366 ; 1909, 28, 268; 
Rennie, Higgin, and Cooke, J.G.S. 1908, 93, 


1162; Dunstan and Hill, ibid. 1911, 99, 1853) 
Armstrong and Acworth (ibid. 1877, 32, 54; 
EUingham, ibid. 1932, 1665 ; cf. Evans, Trans. 
Faraday Soc. 1944, 40, 120) supposed that in all 
cases nascent hydrogen is the first product of the 
action : 

M«-}-2HN03=Mn(N03)2-}-2H 

and then reduces the excess of nitric acid : 
HN03-b2H = HN02-bH20 
2 HN 03 -}- 8 H = H2N262-b4H20 
HN03-1-6H = NH2-0H-}-2H20 
HN 03 -b 8 H = NH3-l-3H20. 

The reduction products may then undergo 
reactions to form other products : 

3HN02=HN03-f2N0-fH20 
2HNO]=N203-bH20 
H2N202=N;0-bH2b 
HN02-i-NH3=N2-f-2H20 
HNOj-f NH20H=N20-{-2H20. 

(Tho objection sometimes raised, e.g., by Hedges, 

1. C., against tho nascent hydrogen theor3', that 
copper docs not dissolve in other acids with 
evolution of hydrogen, is invnh'd, since this metal 
dissolves in hot concentrated hydrochloric, 
hydrobromic, and hydriodic acids until evolu- 
tion of hydrogen.) 

The action of nitric acid on the metals copper, 
silver, mercury, and bismuth is greatly ac- 
celerated by tho presence of nitrous acid, a fact 
noticed by Millon (J, Pharm. Chim. 18 12, [iii], 

2, 179; Ann. Chim. Phys. 1842, [iii], 6, 73, 95; 
1843, [iii], 7, 320) and explained by him ns 
follows : 

“ Tlie nitrous acid forms nitrites . . . which 
nro destroyed by tho nitric acid ns fast ns they 
are formed ; this destruction gives ri.so to nitric 
oxide which in presence of nitric acid reforms 
nitrous acid whence a now attack and a now 
destruction result.” 

Thus; 

Cu-f4HN02=Cu(N02)3-f2H20-f2N0 
Cu(N02)2-1-2HN03=Cu(N03’)2-{-2HN0j 
HN03-i-2N0-l-H20=3HN02. " 

Tho nitrous acid so continuously produced will 
decompose when it reaches a certain concentra- 
tion ; 

3HN02=HN03-1-2N0-1-H20, 

nitric oxide being evolved. With concentrated 
nitric acid, tho product is NOo, formed by the 
reaction: 2HN03-}-N0=3Nb2-bH20. Mil- 
Ion’s theory was confirmed and extended by 
Veloy (Proc. Roy. Soc. 1890, 46, 216; 1890, 43, 
468; 1893, 52, 27 ; Phil. Trans. 1891, 182, 279, 
319; J.S.C.I. 1891, 10, 204). 

Veloy showed that if nitrous acid is removed 
by adding urea or hydrogen peroxide, tho diluted 
nitric acid docs not act upon copper ; tho action 
of these substances is evanescent, -but if hydra- 
zine hydrate is added, tho metal and 50% nitric 
acid can remain in contact for one or two days 
■without action. Tho copper dissolves in ordi- 
narj'- nitric acid to form first of all a green solu- 
tion of copper nitrite; when all tho metal is 
dissolved this becomes blue from conversion into 
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nitrate. Fuming concentrated nitric acid con- 
taining dissolved NOj is without appreciable 
action on copper (the yellow acid turns green), 
but if a little water is added nitrous acid is 
formed and the copper dissolves in a violent 
reaction, abimdant red fumes being evolved. 

Bancroft (J. Physical Ghem. 1924, 28, 476, 973, 
with bibliography) postulated a dynamic equili- 
brium HNOg-f- HNOj ^ HjO, and 

supposed that in the moments of change the 
HNOg is in some peculiar state which makes 
it more reactive, e.ff., towards hydrogen. 
Milligan (ibid. 1924, 28, 544, 794) postulated 
the following series of reduction products formed 
by nascent hydrogen : 

2HNO2 

I 


2HNO, 


HgNgOj 

2NOg 


H^NjOg 

‘I' 

2NO 


N2O3 

HgNgOg^NHg-OH 


N,0 




HjNgOg, however, is not reduced as postulated 
in the final stages, although Joss (ibid. 1926, 30, 
60) elaborated this part of the scheme : 


HaNgOg 




I 

N, 


HgNgOg 


I 


2NH2OH 

HgNgOg 

N3H4 


^10^2^2 

2NH„ 


He considered the hypothetical niCrosic acid, 
HjNgOg, as the intermediate product in a 
state of djmamic equilibrium : 

HNO^+HNO^^H^N^Os^QNO^+H^O, 
and as being the real depolariser, nitrous acid 
playing the part of a catalyst in activating the 
nitric acid. 

Alloys of copper and zinc containing more than 
48% of copper dissolve as a whole in nitric acid. 
With less copper, the zinc either dissolves faster 
than the copper or precipitates this metal from 
the solution, and more copper dissolves when 
the solutions are shaken than when at rest 
(Stansbie, J.S.C.I. 1913, 32, 1135). 

Electrolytic reduction of nitric acid yields 
first nitrous acid and finally ammonia (Schon- 
bein, Ann. Phys. Chem. 1839, 47, 663 ; Brester, 
Chem. News, 1868, 18, 144 ; Bloxam, ibid. 1869, 
19, 289). The nature of the product depends 
on the temperatiue, current strength, material 
of the cathode, cathodic potential, and acidity 
or alkalinity of the solution, and two different 
reactions may occur, evolution of hydrogen or 
reduction to nitrous acid (EUingham, J.C.S. 
1932, 1565). With a mercury cathode only 
hyponitrite is formed (Zom, Ber. 1879, 12, 1609) 
and with a copper cathode ammonia (Ulsch, 
Z. Elektrochem. 1897, 3, 646). On electrolysis 
of 40% HNO3 containing 1% of dissolved 
nitrous gases almost pure N O is evolved at the 
cathode (Meister, Lucius, and Briining, B.P. 
10522, 1911 ; Muller efaZ., Z. Elektrochem. 1903, 
9, 956, 978 ; 1905, 11, 609 ; Ber. 1905, 38, 778, 
1190 ; Tafel, Z. anorg. Chem. 1902, 31, 289). 
Tafel found that although rdtric acid is reduced 
only to hydroxylamine by mercury or well- 


amalgamated electrodes, copper electrodes re- 
duce it only to ammonia. 

For the deteetion and estimation of nitric acid 
and nitrates, see Vol. 11, 598c, 664o, 673c, 687d, 
688d V, 327d ; this Vol. p. 5886 (also Reichard, 
Chem.-Ztg. 1906, SO, 790 ; Howard and Chick, 
J.S.C.I. 1909, 28, 63 ; Schmidt and Lumpp, 
Ber, 1901, 43, 787, 794). 

Fuming Nitric Acid is a yellow or orange- 
red fuming liquid with powerful oxidising 
properties, prepared by dissolving NgOg or 
N2O4 in concentrated nitric acid, distilling 
potassium nitrate with potassium bisulphate, or 
potassium nitrate and some starch with con- 
centrated sulphuric acid, or adding paraform- 
aldehyde or kieselguhr soaked in formaldehyde to 
concentrated nitric acid (Vanino, Ber. 1899, 32, 
1392). It contains free NOg (Marchlewski, Z. 
anorg. Chem. 1892, 1, 368). Nitric oxide reacts 
with concentrated nitric acid as follows : 

N0-(-2HN03=3N02-1-H20. 

The yellow acid on addition of water becomes 
green, blue (from formation of NjOg: see 
p. 522c) and finally colourless (Marchlewski and 
Liljensztem, ibid. 1892, 2, 18; 1894, 5, 288). 
For densities of fuming nitric acid, see Limge 
and Marchlewski, Z. angew. Chem, 1892, 5, 10. 
Fuming nitric acid has been used in quantita- 
tive organic analysis (Carius, Ber. 1870, 3, 697), 


Halides of Niteio Acid. 

Nitryl Fluoride, NOjF, formed by the 
action of excess of fluorine on nitric acid at the 
temperature of liquid air, is a gas, b.p. — 724°, 
m.p. —166°, with a density 2"17-2'31 (air=l) 
agreeing with that (2-26) calculated for NOjF. 
It does not combine with hydrogen, sulphur, or 
carbon, but attacks boron, sflioon, phosphorus, 
arsenic, antimony, iodine, alkali and alkaline 
earth metals, aluminium, iron, and mercury. 
It reacts with water : 

N OgF-b HgO = H F-b H N O3, 

and with many organic compounds (Moissan 
and Lebeau, Compt. rend. 1906, 140, 1573; 
Buff ei al., Z. anorg. Chem. 1932, 208, 293). 

Pernitryl Fluoride or Fluorine Nitrate, 
NO3F, is formed as a colourless explosive gas, 
b.p. —42°, by the action of fluorine on con- 
centrated nitric acid (Cady, J. Amer. Chem. 
Soc. 1934, 56, 2636 ; Yost and Beerbower, ibid. 
1936, 57, 782 ; Buff and Kwasnik, Angew. Chem. 
1935, 48, 238). It is a strong oxidising agent, 
liberating iodine from potassium iodide : 

N 03 F-(- 2 KI = KF-i-KN 03 -{- la- 
It is hydrolysed by 20% potassium hydroxide 
solution as follows : 

2N03F-b4K0H 

=02-b 2KF-f 2KN03-f 2H2O ; 
with 2% sodium hydroxide solution fluorine 
monoxide is formed ; 

2N03F-(-2Na0H=F20-f-2NaN03-bH20. 
The structure may be 


F_0— N 




O 

o 
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Nitryl Chloride, NOaCI, is formed by the 
reaction between nitrosyl chloride and ozone, 
cooling the product in liquid air, and removing 
the oxygen formed : 

N0CI+03=Nb2CI+02. 

It is a colourless gas, condensing at —16° to a 
colourless liquid, p 1‘37, f.p. — 146°. Its thermal 
decomposition, 

2N02CI=2N02+Cl2, 

appears to bo a reaction of the first order 
(Schumacher and Sprenger, Z. anorg. Chem. 
1929, 182, 139 ; Z. Elektrochem. 1929, 35, 663 ; 
Z. physikal. Chem. 1931, B, 12, 116). Small 
quantities of N O2CI are formed by the reaction : 

4N02+3HC1 

=2N0CI+N02C1+HN03+H20 
(Muller, Annalen, 1862, 122, 1 ; Odet and 
Vignon, Compt. rend. 1870, 70, 96) and by other 
reactions (Noyes, J. Amer. Chem. Soc. 1932, 
54, 3616), although its existence was denied by 
Gutbier and Lohmann (J. pr. Chem. 1905, [ii], 
71, 182). The existence of 7iiiryl bromide 
(Hasenbach, ibid. 1871, [ii], 4, 1) has not been 
confirmed. 

Pernitrous Acid. — Raschig (Z. angow. 
Chem. 1904, 17, 1417; Bor. 1907, 40, 4685) 
found that a mixture of hydrogen peroxide and 
acidified sodium nitrite solution liberates 
bromine from potassium bromide solution, 
whereas neither solution separately liberates 
bromine. He supposed that pcrnilric acid, 
HNO4, was formed, a view also adopted by 
Poliak (Z. anorg. Chem. 1925, 143, 143), whilst 
Trifonow {ibid. 1922, 124, 123, 130) thought the 
product was N203,nH20 or 

(N02-0-0"N02),nH20. 

D’Ans and Friederich (Z. Elektrochem. 1911, 
17, 849 ; Z. anorg. Chem. 1912, 73, 325) reported 
that explosive HNO4, smelling of hypochlorous 
acid, is formed by dissolving NjOj in an- 
hydrous hydrogen peroxide : 

N jOs-t- H 2O 2= H N O^-b H N O3, 
but Schmidlin and Massini (Bor. 1910, 43, 
1162) found that ozone is evolved, oven with 
strong coohng, and on dilution only unchanged 
hydrogen peroxide was detected. The supposed 
formation of NjOq by the action of fluorine on 
dilute nitric acid, and of H N O4 by the action of 
fluorine on dilute sodium nitrite solution (Fichtcr 
and Brunner, Helv. Chim. Acta, 1929, 12, 305) 
must be regarded as requiring confirmation. 

Schmidlin and Massini (l.c.) regarded the sup- 
posed pomitric acid as really pernitrous acid, 
HNOg'O or 0=N — O — OH, isomeric with 
nitric acid 02N'0H but possessing a peroxide 
group — O — O — , and this view is supported by 
the experiments of Gleu and co-workers (Z. 
anorg. Chem'. 1929, 179, 233 ; 1936, 223, 306). 
It was fo^d that when oxygen containing 10% 
of ozone is passed into N. sodium azide solution 
an unstable orange solution is formed which is 
an oxidising agent : 

HN3-b03=HN303=HN02-0-bN2. 
Pernitrous acid is also the product of the 
oration of nitrous acid by hydrogen peroxide. 

To a mixture of 2 mol. of sodium nitrite and 
more than 2 mol. of hydrogen peroxide, with a 
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large amount of ice, 1 mol. of 2n. sulphuric acid 
was added, and after two seconds a largo excess 
of sodium hydroxide solution. An intensely 
yellow solution was formed. In this, the excess 
of hydrogen peroxide was determined by 
titrating a portion of the alkaline solution with 
O'In. sodium hypochlorite solution with ten 
drops of 0-In. potassium iodide until the colour 
of Ruthenium Red indicator was discharged. 
The active oxygon was then determined by im- 
mediately adding excess of 0-lN. sodium 
arsenite and back-titrating wdth hypochlorito, 
with Ruthenium Red indicator. The nitrite 
was determined by reduction to ammonia rvith 
vanadyl sulphate, which does not reduce nitrate, 
and distilh'ng into standard acid. Tho ratio of 
nitrite radical to active oxygen was found to bo 
1:1, hence tho substance was supposed to bo 
pernitrous acid, HNOj-O. 

Tm Manufactdre of Nitric Acid. 

Until tho widespread adoption of synthetic 
processes in recent times, tho industrial methods 
for tho preparation of nitric acid followed fairly 
closely those used in tho sixteenth and seven- 
teenth contui'iu's for the production of aqua 
forlis for parting gold and silver, and some still 
older processes used b}' tho alchemists were 
regularly patented. In tho last edition of this 
Dictionary tho article on nitric acid could say 
that tho retort process was “ still tho most im- 
portant,” and could point out, rather naively, 
that ” for most uses tho nitric acid yielded by 
[ammonia oxidation] is too weak and must bo 
concentrated, an oxiionsivo process at best.” 
There wore, in fact, largo installations then pro- 
ducing sjmthctic concentrated acid at a much 
lower cost than by tho retort process, and ns 
tho latter is now abandoned except in rather 
primitive conditions, a brief account of it will 
suffice. 

In this process, approximately equal weights 
of sodium nitrate and 6C°B6. sulphuric acid are 
heated in cast-iron retorts. Tho fused residue 
consists of a mixture of sodium sulphate and 
sodium hydrogen sulphate, and if over-heated 
may also contain sodium disulphato (NaoSjO-). 
This residue is discharged into iron pans, where 
it solidifies to a compound (Faust and Essel- 
mnnn, Z. anorg. Chem. 1926, 157, 290) 
Na3H (804)2 Na2S04,NaHS04 known as 
nitrc-caJ:c ; or it may bo run into tho pan of a 
hydrochloric acid furnace, whore it is converted 
into salt-cake by reacting with salt. 

Tho vapour from tho retort, especially at tho 
beginning and end of tho process, contains 
nitrogen peroxide from tho decomposition of 
nitric acid by heat (Carius, Annalen, 1873, 169, 
273): 

4HN03=2H20-l-4N02-b02 

Avhich partly dissolves in tho acid. Tho lowering 
of the partial pressure by dilution with air 
facilitates tliis reaction. Tho water formed in 
this reaction and that originally in tho raw 
materials, condenses ivith tho nitric acid. The 
remaining gas passes from tho condenser to tho 
absorption towers along n-ith some uncondonsod 
nitric acid vapour. 

Tho first portions of distiUato are tho most con- 
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eentrated, the acid becoming weaker as the distil- 
lation proceeds, until at the end it is almost pure 
water. The greatest evolution of nitrogen 
peroxide also occurs in the beginning, and it is 
usually prevented from dissolving in the acid 
by so condensing that the acid is removed hot 
from the system. 

The retorts are vertical cast-iron pots in a 
brick setting. The cast iron is not attacked by 
nitric acid vapour, or appreciably corroded by 
the sulphuric acid in the charge. Eig. 8 shows 
one type of retort and setting, arranged for coal 
firing. Gas firing is also used. 

Sodium nitrate and sulphuric acid are intro- 
duced at A, and the nitric acid distils off at b. 
At the end of the distillation the fused nitre- 
cake is run off through o. 

Many forms of water-cooled condensers 'have 

B 



been used, including the glass condenser of 
Hart (U.S.P. 525761, 1894; B.P. 17289, 1894) 
and S-bend condensers made of silica or of 
silicon-iron alloys. 

A Hart condenser (Fig. 9) consists of two 
upright manifolds of chemical-ware or silicon- 
iron, connected by parallel glass tubes 3 in. in 
diameter and 6 ft. long, packed into the mani- 
folds with putty of oil-groimd white-lead, 10 lb., 
red-lead, 1 lb., hnseed oil, 3 gal., and asbestos 
fibre to give proper consistency. Water trickles 
over the outside of the tubes from the pipe a, 
and is kept from splashing by wooden guides 
hung between the tubes and shown in detail at 
B and in cross section at o. The hot water 
passes through the trough n to the drain e. 

The tube breakage may amount to about 100 
per retort per year. It is heaviest with weak 
charging sulphuric acid. Broken tubes may be 
replaced whUe running. 


The S-bend condenser (Fig. 10) is a Y-tube 
branching from the top of the bleacher (shown 
on the lower left-hand side of Figs. 9 and 10) 
to two parallel series of S-bends, 6 in. in dia- 
meter and 6 ft. long. 

To remove oxides of nitrogen it was formerly 



the practice to warm the acid and blow a current 
of air through it. This separate operation is 
avoided (Skoglund, U.S.P. 691087, 1897 ; B.P. 
22816, 1897) by allowing the hot condensed acid 
to reflux through a bleacher. It encounters 
hot gas from the retort, which further heats it, 
driving out the dissolved nitrogen peroxide. 



The acid running from the bleacher contains, on 
an average, about 1% of NOg. 

The gas from the retort enters at F (Fig. 9) 
rises through the packing in the bleacher, and 
condenses in the condenser. The condensate 
drains back through the bleacher in counter- 
current to the gases and emerges at o. 

From 6—10% of the nitrogen content of the 
nitrate passes the condenser in the form of 
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nitrogen peroxide, and in the absorption system 
this is converted into nitric acid. 

The absorption system consists of a senes of 
chemical stone-ware towers with acid-proof 
packing, in which the gas is scrubbed with dilate 
nitric acid. The strongest gas comes in contact 
with the strongest acid, and the weakest gas 
with almost pure water. In these towers the 
following reactions occur : 

(1) SNOa-f H20;Fi2HN03-i-N0 

(2) 2N0+02=2N0„. 



The first is established practically instantly 
(Burdick and Freed, J. Amer. Chcm. Soc. 1921, 
618), while the second is a slow reaction in 
its later stages (Burdick, ibid. 1922, 44, 244). 
Owing to the limited reaction space in the towers, 
this reaction is never completed, and 95% con- 
version of the NOj to dilute nitric acid has been 
considered good practice. 

The absorption tower (Fig. 11) consists of 6 
sections of chemical-ware about 30 in. in dia- 
meter and 30 in. high. The bottom section 
rests in a saucer mounted on a pedestal. The 
gas enters the tower at a, rises through the 
packing (usually pottery rings), and leaves 
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through B. Acid is continually circulated over 
the tower by Pohle air-lifts c, supplied with acid 
from the equaliser pot D. The acid draining 
from the towers enters this pot from behind ; 
any excess above that in circulation, which may 
enter from the next equaliser pot d', or bo 
formed in the tower, is removed continually by 
the air-lift E. 

In a series of such towers, each is sot higher 
than its predecessor, so that weak acid may drain 
towards the acid exit. Draught is maintained 
in the exit from the last tower. 

The best charging sulphuric acid to use with 
dry nitre is 92’5% (Winteler, Chcm.-Ztg. 1905, 
29, 820). With wet nitre the strength of the 
acid is increased proportionally to the water 
content. Either stronger or weaker acid results 
in a less concentrated distillate. 

With a ratio of H2S0^:NaN03=l:l and acid 
of the above strength the plant produces a 
distillate of 90-92% HNO3, constituting about 
90% of the acid made. The remaining 10% is 
weaker, containing C0-S0% of HNO3. The 
overall 5'icld is 94-90%, the nitre-cake acidity 
varying from 27-31% HnSO^, and tlic coal 
consumption about 0-185 lb. per lb. 100% 
HNO3 with gas firing and about 0'325 with 
direct firing. Using a nitre charge of 5,000- 
6,300 lb. the time of a complete cycle is 18-24 
hours (Jlinistry of Munitions, Department of 
Explosives Supply, “ Report on the Statistical 
Work of tho Factories Branch,” II.M. Stationery 
Office, London, 1919; “ Prcliminari* Studies 
for H.M. Factory, Gretna,” H.JI. Stationery 
Office, London, [1919]), 

In tho U.S.A. (Zoisberg, Chcm. Jlct. Eng. 
1921, 24, 443) tho cycle of operations with a 
7,000 lb. nitre charge required only 12 hours 
and the yield was better, approxiinatoly 99%. 
Tho coal consumption with direct firing was 
0-222 lb. per lb. of 100% HNO3 with continuous 
operation, and 0 2G5 lb. with one-shift operation. 
Tho labour was 1-9 nnn-hours per 1,000 lb. of 
HNO3 with single-shift, and 1-4 ni'm-hours with 
continuous operation. The average, strength of 
tho whole output was 88-90% HNO3 (including 
tower acid) with about 1% of NO,. 

Vacuum Processes . — Li order to avoid thermal 
decomposition of tho nitric acid, Valontiner 
(G.P. 63207, 1891 ; B.P. CIO, 1892; 19192, 
1895; 4264, 1907 ; G. Lungo, “ Sidphuric Acid 
and Alkali," Gurney and Jackson, 1913, Vol. I, 
p. 173 ; J. R. Partington, " Tho Alkali In- 
dustry,” BaUlifero, 1926, pp. 195-21G, 229 (bibl.) 
including other processes) carried out tho distil- 
lation in vacuum. Tho process was developed 
in Germany by Frischor, who increased tho size 
of tho apparatus and used a rotary liquid-seal 
pump instead of tho older reciprocating pump, 
and in tho U.S.A. by Hough (E. C. Worden, 
“ Tochnologj’^ of Cellulose Esters,” Spon, 1921, 
Vol. I, ii, p. 34), who introduced a stirring dovico 
in tho retort. 

Commercial nitric acid made from Chile nitre 
contains various impurities, particularly chlorine 
and sometimes traces of organic compounds, 
such as tetranitromethano, monocblorotrinitro- 
methano, and dichlorodinitromethano (Cranibrd. 
J.S.C.I. 1922, 41, 321t). 


J. R. P. 
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NITROGEN, ATMOSPHERIC, UTILI- 
SATION OF. Nitrogenous substances, 
particularly nitrates and ammonium salts, are 
used as plant manures. The natural formation 
of combined nitrogen is insufScient to keep 
pace with an increasing population’s food re- 
quirements (Sir W. Crookes, “ The Wheat Prob- 
lem,” 3rd ed., Longmans, 1917). According 
to Russell (J.S.C.L 1918, 37, 45 b) 1 lb. of com- 
bined nitrogen properly used in the soil will 
yield. enough food to supply a man for about 
five days. Normally, a plant takes up nitrogen 
in the form of nitrates, and the most efficient 
nitrogenous fertilisers are the nitrates of potas- 
sium, calcium, and sodium, probably in the 
order given. Other nitrogen compounds are 
first oxidised to nitrates in the soil. Ammonia 
is rapidly oxidised to nitrates by soil bacteria, 
and ammonium salts are converted into nitrates 
before the plant is ready for all the nitrogen 
supplied. Protein nitrogen, amino-acid nitro- 
gen, and amide-nitrogen, present in farmyard 
manure, are also rapidly so oxidised. Calcium 
cyanamide is first converted into ammonia and 
then nitrate. Other nitrogen compounds, such 
as diazo-compormds, nitro-compounds, and 
ring-compounds, are (as far as is known) useless 
as fertilisers. The relative values of combined 
nitrogen in various forma are : nitrate 100 ; 
ammonia, 95 ; cyanamide, 85-90 or more ; 
protein, 70-80. 

The natural sources of combined nitrogen are 
two. First, electrical discharges in the atmo- 
sphere cause the union of oxygen and nitrogen, 
with the ultimate production of nitrates and 
nitrites. {See, however, Moore, J.C.S. 1921, 
119, 1555 ; Reynolds, Nature, 1923, 112, 396.) 
By this means, it is estimated, every acre of 
ground in Great Britain is enriched annually to 
the extent of 11 lb. of combined nitrogen. In 
the tropics, where thunderstorms are more fre- 
quent, the amount is larger. 

The second natural source of combined 
nitrogen is the fixation of nitrogen by organisms 
in the soil {see NiTBoaBN Fixation, &oloqicai., 
this VoL, p. 583a). 

The nitrogen of the atmosphere over every 
square mile of the earth amoimts to about 20 
million tons. The methods which are, or have 
been, in use, or proposed for use, in “ fixing ” 
or utilising atmospheric nitrogen, by converting 
it into compounds, include the following : 

1. The direct synthesis of ammonia from 
nitrogen and hydrogen gases : 

N2-)-3H2=2NH3. 

2. The reaction between nitrogen and calcium 
carbide, leading to the formation of calcium 
cyanamide, CaCN^, which may be used directly 
as a fertiliser or hydrolysed with the formation 
of ammonia : 

CaC2“i- N 2=CaC N 2 -I- C, 
CaCN2-l-3H20=CaC03-(-2NH3. 

3. The formation of metallic nitrides or 
cyanides by various processes. 

4. The direct synthesis of nitric oxide in the 
electric arc, followed by the oxidation of this to 


nitric acid by free oxygen in presence of water : 
N2-1-02=2N0, 
4N0-1-302-1-2H20=4HN03. 

6. The conversion of ammonia to nitric oxide 
by catalytic oxidation and subsequent treatment 
of the nitric oxide as in (4) : 

4NH3-f-502=4N0+6H20. 

The most important processes are (1) and (6), 
which provide the basis of the modem nitrogen 
industry. 

Synthetic Ammonia. 

Experiments on the union of nitrogen and 
hydrogen, with formation of ammonia, on 
passing electric sparks through a mixture of the 
two gases, were made by Regnault in 1845, by 
DeviUe in 1865, and by H. B. Dixon in 1888 
(c/. Briner and Mettler, J. Chim. phys. 1908, 6, 
137 ; Briner and Ka^, ibid. 1914, 12, 534 ; 
Briner and Baerfuss, Helv. Chim. Acta, 1919, 2, 
95, 162). An equilibrium yield of ammonia at 
ordinary temperature is attained by circulating 
a nitrogen-hydrogen mixture round a lead 
cathode in a low pressure discharge tube 
(JoUbois and Olmer, Compt. rend. 1936, 202, 
1268). The synthesis of ammonia by the 
silent electric discharge, discovered by Donkin in 
1873, was confirmed by Le Blanc and Davies 
(Z. physikal. Chem. 1908, 64, 657). The sup- 
posed production of ammonia by passing a 
mixture of nitrogen and hydrogen over a catalyst 
(Swindells and Lancaster, B.P. 2563 and 3148, 
1876; Johnson, J.C.S. 1881, 39, 128, 130) was 
due to the reduction of nitrogen oxides, not 
removed by ferrous srdphate solution, in the 
nitrogen prepared from ammonium nitrite 
(Wright, ibid. 1881, 39, 357; Mond, J.S.O.I. 
1889, 8, 605), these oxides, as Dulong and 
Thenard (Ann. Chim. Phys. 1923, [u], 23, 440) 
found, being readily reduced to ammonia in 
presence of platinum. Processes in which am- 
monia was synthesised by passing nitrogen and 
hydrogen over heated iron were also shown to 
depend on the presence of iron nitride in the 
iron, and the first genuine formation of traces of 
ammonia at atmospheric pressure with a pure 
iron catalyst was probably achieved by Perman 
and Atkinson (Proc. Roy. Soc. 1904, 74, 110; 
1905, 76, 167) and almost simultaneously by 
Haber and Van Oordt (Z. anorg. Chem. 1905, 
44, 341), and White and Mel-^e (J. Amer. 
Chem. Soc. 1905, 27, 373). 

Nemst (Z. Elektrochem. 1907, 13, 621 ; 1910, 
16, 96) and his assistant Jost (Z. anorg. Chem. 
1908, 57, 414; Z. Elektrochem. 1908, 14, 373), 
were the first to work unde] pressmre (up to 30 
atm.), and thus corrected Haber’s figures for 
the equilibrium (Rossignol, Ber. 1907, 40, 
2144). This development was carried further 
by Haber and his pupils (Haber and Le Rossig- 
nol, Z. Elektrochem. 1913, 19, 63 ; Haber, 
Ponnaz, and Tamaru, ibid. 1916, 21, 89 ; Haber 
and Masohke, ibid. 128 ; Haber and Greenwood, 
ibid., p. 241). In 1910 the technical develop- 
ment was taken over by the Badische company, 
and in the perfecting of the technical details a 
leading part was taken by C. Bosch, a relative 
of Haber. 
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As a catalyst, Haber first used metallic 
osmium, but this is too expensive; he then 
used uranium or crude uranium carbide. 
Nemst then found that, although pure iron is 
relatively inactive as a catalyst, its activity is 
greatly enhanced by the addition of other sub- 
stances, first called in the Badische patents by 
the name promoters or activators ; in this field 
valuable researches were carried out by Al^vin 
jMittasch (Ber. 1929, 59, 13 ; A. Mittasch and 
E. Theis, “ Grenzfliichenkatalyse,” Berlin, 1932 ; 
A. Mittasch, “ Kurze Geschichte der Katalyse in 
Praxis and Theorie,” Berlin, 1939) for the 
Badische company, and by American workers in 
the U.S. Government Pixed Nitrogen Research 
Laboratoiy (Larson and Brooks, Ind. Eng. 
Chem. 1926, 18, 1305 ; Almquist and Crittenden, 
ibid., p. 1307 ; Almquist, J. Amer. Chem. Soc. 
1926, 48, 2820). As a residt of X-ray examina- 
tion of iron catalysts promoted by alumina, it 
appears that the active material is a-iron in a 
spinel-like combination AIoFe 04 (Wyckoff and 
Crittenden, ibid. 1925, 2866), and similar 

results were foimd for other iron catalysts (sec 
below). 

Synthetic ammonia was first made on the 
industrial scale in Germany. The Badische Co. 
(later the I.G. Farbenindustrie) erected large 
plants at Oppau and Merseburg. The Oppau 
works, forming practically a continuation of the 
Badische factoi^’’ at Ludwigshafen, commenced 
in 1913 with a capacity of 20 tons of ammonia 
per day, increased to 200 tons in 1914-18. It is 
said to have cost £16,000,000. A part of the 
works was destroyed by an explosion in 1921 
(J.S.C.I. 1921, 40, 3S1 r). The Lciina works at 
Merseburg (Halle) was erected since 1910 ^^th 
a capacity of 800 tons of ammonia per day. 
The combined output of Oppau and lacuna in 
1932 was one million metric tons of combined 
nitrogen per annum (Ullmann, “ Enzyklopadio 
der technischen Chemie,” 2nd ed., Vol. IX, 
p. 720). 


The number of catalyst materials specified ir 
the Badische and other later patents (c.g., G.P 
265295, 1912) is very large, but as far ns i: 
known all the catalysts now in use consist ol 
some form of activated iron (on catalysts, sec 
e.g., J. W. Mellor, “ Treatise on Inorganic nnc 
Theoretical Chemistry,” Vol. VIII, London 
1928, pp. 148 et seq . ; S. J. Green, “ Industrin 
Catalysis,” Benn, 1928, pp. 318 ct seq., 334 c 
seq. ; Prankenburger and Diirr, in Ullmann 
“ Enzyklopadie der technischen Chemie,” 2nc 
Vol. W, pp. 436 et seq . ; 0. Kausch, “ Di( 
Kontaktstofie der katalytischen Herstellung vor 
Schwefelskure, Ammoniak und Saltpetorskuro,’ 
H^e, 1931, pp. 85 et seq., 172 el seq . ; E. Sauter 
Heterogene Katalyse,” Leipzig, 1930 ; Larsor 
ct al., Chem. Met. Eng. 1922, 26, 493, 656, 668 
647, 683 ; Larson and Richardson, Ind. Eng 
Chem. 1925, 17, 971 ; Almquist and Black, J 
^er. Chem. Soc. 1926, 48, 2814, 2820 (poisonint 
by oxygen) ; Almquist and Dodge, Chem. Met 
Eng. 1926, 33, 89; Mttasch el al., Z. Elektro 

n-norg. Chem. 1928 
170, 193; Eisenhut and Kaupp, Z. physilcal 
&em. 1928, 133, 456 ; Kunsman, J. Amor 
aem. Soc. 1929, 51, 688 ; Pinzel, ibid. 1930, 52 
100 ; Kmmett and Brunauer, ibid. 1930, 52 
Vol. Vni.— 35 


2682 (poisoning by water); Emmett, Hen- 
dricks, and Brunauer, ibid. 1930, 52, 1456; 
Mittasch, Z. Eloktrochem. 1930, 36, 669; 
Keunecko, ibid. 1930, 36, 690(Ni-Mo); Gluud, 
IQempt, Schonfeldor, and Riesc, Ber. Ges. 
Kohlentech. 1930, 3, 62, 96, 170; Jlittasch and 
Keunecke, Z. physikal. Chem. Bodonstoin Pcstb. 
1931, 574; Brimauer, Jefferson, Emmett, and 
Hendricks, J. Amer. Chem. Soc. 1931, 53, 17 /8 ; 
Winter, Z. physikal. Chem. 1931, B, 13, 401^; 
Prankenburger, Z. Eloktrochem. 1033, 39, 45, 
97,269; Kroger, fhi'd. 1933, 39, 670; Epschtein 
and Upolovnikov, J. Chem. Ind. Moscow, 1933, 

10, No. 2, 41 ; Emmett and Brunauer, J. Amer. 
Chem. Soc. 1934, 56, 35 ; Lachinov and Telegin, 
J. Chem. Ind. Sloscow, 1934, 12, 31 ; Emmett 
and Brunauer, J. Amor. Chem. Soc. 1937, 59, 
1653 ; Brunauer and Emmett, ibid. 1940, 62, 
1732 ; Tcmkin and Pyzhev, Acta Physicochim, 
U.R.S.S. 1940, 12, 327; Lovo and Emmett, 
J. Amer. Chem. Soc. 1941, 63, 3297; Emmett 
and Kummer, Ind. Eng. Chem. 1943, 38, 677). 

Pure iron docs not form a nitride Erectly 
with nitrogen (Mittasch and Prankenburger, 
Z. phy-sikal. Chem. 1928, 139, 386), but nitrides 
(FcjN, FCgN, FCoN) aro formed with am- 
monia, and these react with hj’drogen to form 
ammonia (Emmett and Lovo, J. Amor. Chem. 
Soc. 1933, 55, 4043). Intermediate surface 
nitrides are postulated bj’ Messner and Frankon- 
burger (Z. physikal. Chem. Bodonstoin Pcstb. 
1931, 693). 

Usatschov (J. Phys. Chem. Russ. 1940, 14, 
1246) supposes that adsorption of .hydrogen 
is the primarj' process : the catalyst surface 
becomes saturated with ammonia, leaving only 
the active spots available for acceleration of the 
synthesis reaction (c/. Koshono%'a and Kagan, 
ibid. 1910, 14, 1250). The ndsoiqdion of nitrogen 
and hydrogen on iron-molybdenum catalysts, 
with and without alumina, has boon studied 
(Roiter, Acta Physicochim. U.R.S.S. 1936, 4, 
145), also the catalytic decomposition of am- 
monia by metals (Bodenstein and Krancndicck, 
Nemst Fe-tschrift, 1912, 99; J.C.S. 1912, 102, 

11, 1165 ; Hinshelwood and Burk, ibid. 1925, 

127, 1105; Schwab, Z. physikal. Chem. 1927, 

128, 161 ; 1928, 131, 446). 

Morozov and Kagan (Acta Physicochim. 
U.R.S.S. 1938, 8, 549) postulate: (i) ohcnii- 
Borption of nitrogen and hydrogen, (ii) hydro- 
genation of nitrogen, (iii) desorption of ammonia. 

Catalysts are termed, c.g., from ferroso-ferric 
oxido produced by combustion of iron in 
oxygon (Claude, B.P. 153254, 1919), sometimes 
under pressure, preferably wdthout contact with 
crucibles, or in magnesia crucibles with the 
addition of 6-10% of lime (a process used for 
purifying iron by Troost, Bull. Soc. chira. 1868, 
[ii], 9, 260), the fused mass being afterwards 
broken up and romelted with oxides of potassium 
and aluminium ns promoters; or by burning 
molybdenum steel in oxygon (Larson and Brooks | 
Ind. Eng. Chem. 1926, 18, 1305 ; Larson and 
Richardson, ibid. 1925, 17, 971; Brahm, ibid. 
1922, 14, 791). Excess of ferrous oxido in the 
combustion product over the composition FegO^ 
of magnetite is injurious. For an iron catalyst, 
nickel and cobalt are practically without pro- 
motive action; at 660° tungsten and molyb- 
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denum are most effective, whilst at 450° iron 
alone or iron-molybdenum give the best results, 
but the activity of iron falls off rapidly, especially 
at higher temperatures (for molybdenum mixed 
catalysts, see Mittasch and Keuneoke, Z. 
pbysikal. Chem. Bodenstein Festh. 1931, 574). 
Oxides of aluminium, silicon, zirconium, thorium, 
and cerium are active, hut the promoter action 
is most pronoimced with basic and acidic oxides 
combined, e.ff-, KgO with Si 02 , AlgOj, or 
ZrOg. A mixture of 1% KgO and 3% Al^Oj 
with iron gave 13-6% ammonia at 100 atm., 
but KoO alone depressed the activity of iron 
(Larson and Lazote Inc., U.S.P. 1667322, 1928 ; 
Larson and Lamb, U.S.P. 1489497, 1610598, 
1924 ; Greathouse, U.S.P. 1618004, 1927). 
Artificial magnetite is superior to natural as a 
catalyst (Telegin and Sidorov, J. Appl. Chem. 
Eussia, 1938, 11, 1064 ; cf. Kamzolkin, Livschitz, 
and Koshenova, J. Chem. Ind. Euss. 1935, 12, 
687). 

Among a number of catalysts tested, the 
greatest stability and activity was found with 
Fe 304 with 1-5% of KjO and 3% of 
(Latschinov and Telegin, ibid. 1934, 10, No. 12, 
31 ; cf. Gauchman and Eeuter, J. Phys. Chem. 
Russ. 1939, 13, 693). The activity of FCjOj 
is greatly increased by AI^Oj, which probably 
enhances the surface activity (Kobozev, Jerofeef, 
Kaverin, and Bogojavlenskaja, Acta Physico- 
chim. U.R.S.S. 1934, 1, 483; Telegin, Sidorov, 
and Sohupulenko, J. Appl. Chem. U.S.S.E. 
1940, 13, 823). Titanomagnetite fused with 
potassium aluminate gives an active catalyst 
(Geid, J. Chem. Ind. U.S.S.E. 1934, 10, No. 9, 
46 ; Kamzolkin and Avdeeva, ibid. No. 10, 48). 
The reduction of an iron oxide catalyst by the 
nitrogen-hydrogen mixture has been studied 
(Latschinov, J. Appl. Chem. Russia, 1937, 10, 
1847 ; 1940, 14, 1260). The activity of an iron 
catalyst is impaired by lubricating oil (which 
may originate in gas compressors) (Kamzolkin 
and Livschitz, J. Chem. Ind. Euss. 1937, 10, 
1226). The activity of a FejOj-AI^Og-KjO 
catalyst is reduced by 25% by 0'001% of 
hydrogen sulphide at 600°, and at 460° 0'0001% 
of hydrogen sulphide reduces it by 70% ; phos- 
phine does not inactivate it at any tempera- 
ture above 510° (Kamzolkin and Avdeeva, 
ibid. 1933, 10, No. 7, 32). The poisoning of a 
titanomagnetite catalyst reaches a maximum 
after an hour, then falling slightly to a constant 
value (Epschtein, ibid. 1933, 10, No. 2, 41). 
The poisoning effect of water vapour increases 
with pressure (Kamzolkin and Livschitz, ibid. 
1937, 14, 244). A review of catalyst poisons 
is given byPastonesi (Chim. eL’Ind. 1937, 19, 
123). 

Other proposed catalysts are carbonyl iron 
with promoters of AlgOg, MgO, etc. (I.G. 
Farbenind. A.-G., B.P. 267554, 1926), ferrites 
(Collett, B.P. 237394, 1924), ferrocyanides and 
complex cyanides (Uhde, B.P. 273735, 1927; 
Hurter, B.P. 305763, 1927), catalysts with a 
zeolitic base (Selden Go., B.P. 307457, 1928), 
and iron with arsenic, phosphorus, or boron 
(Soc. Chem. Ind. Basle, B.P. 359378, 1930). 

Hydrazine (up to 4% of nitrogen fixed at 437° 
with very high flow-rates) may be formed as 
well as ammonia with iron catalysts (Gedye and 


Eideal, J.C.S. 1932, 1169). There may he some 
relation between the electron emission and 
activity of a catalyst (Kimsman, J. Physical 
CherQ. 1926, 30, 625; J. Fran klin Inst. 1927, 
203, 635 ; J. Amer. Chem. Soc. 1929, 51, 688 ; 
Brewer, ibid. 1931, 53, 74). 

The physical properties of nitrogen and 
hydrogen, and mixtures of them, and of gaseous 
and liquid ammonia, have been fuUy investi- 
gated (Larson and Dodge, ibid. 1923, 45, 2918 ; 
Osborne, Stimson, Shgh, and Cragoe, Bur. 
Stand. Bull., Washington, 1935, 20, 66, Sci. 
Paper No. 501 ; Verschoyle, Proc. Roy. Soc. 

1926, A, 111, 652 ; Bartlett, J. Amer. Chem. Soc. 

1927, 49, 687; 1928, 50, 1275; 1930, 52, 1363; 
Merz and Whittaker, ibid. 1928, 50, 1622; 
Beattie and Laurence, ibid. 1930, 52, 6 ; Doming 
and Shupe, ibid. 1930, 52, 1382; Beattie and 
Ikehara, Proc. Amer. Acad. Arts Sci. 1930, 
64, 127 ; Mackay and Krase, Ind. Eng. Chem. 

1930, '22, 1060 ; Keyes, J. Amer. Chem. Soc. 

1931, 53, 965 ; Clifford and Hunter, J. Physical 
Chem. 1933, 37, 101 (system ammonia-water). 
The moisture content of compressed nitrogen 
(Bartlett, J. Amer. Chem. Soc. 1927, 49, 65; 
Walker and Ernst, Ind. Eng. Chem. [Anal.], 
1930, 2, 139 ; Saddington and Krase, J. Amer. 
Chem. Soc. 1934, 56, 353), and the much en- 
hanced vapour pressure of liquid ammonia in 
presence of compressed gas (Larson and Black, 
ibid. 1926, 47, 1016, 3107 ; Cnpples, ibid. 1929, 
51, 1026) have been investigated. 

The reaction N2-f3H2=2NH3 is exo- 
thermic; J. Thomsen (“Thermochemistry,” 
Longmans, 1908, p. 245) gives 11,890 g.-cal. 
for the heat of formation of NHg at 1 atm. pres- 
sure at 18° ; Berthelot and Matignon give 12,200 
g.-cal. at higher temperatures ; Nemst (Z. 
Elektrochem. 1910, 16, 96) calcrdated 16,100 
g.-cal. at 850° ; Haber and Tamaru [ibid. 1915, 
21, 191) and Huber, Tumuru, and Oholm [ibid. 
p. 206) found results summarised below : 


t, ‘’0. 

Qp obs. 
(kg.-cal.). 

Qp calc. 
(kg.-cal.). 

0 

10-95 

10-95 

466 

12-67 

12-67 

503 

12-70 

12-77 

654 

12-86 

12-91 

659 

13-10 

13-15 


Q^=10,950-k4-6J-0-0018221- g.-cal. 


Haber and Tamaru ( [ibid. 1915, 21, 228) give 
for the true molecular heat of ammonia at con- 
stant pressure : 

Cy =8-62-b 0-0035«-(- 6- 1 X 01-««- g.-cal. 
Nemst’s results [ibid. 1910, 16, 96) are somewhat 
lower : 


t, °0. 

Qp obs. 

Qp obs. 

(H. and T.). 

(N.). 

309 

10-3 

9-45 

422 

11-0 

10-0 

623 

11-8 

10-7 


The values of the equilibrium constant 

[NH3]=/[N2][H2]==K 
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at various temperatures (Haber, ihii. 1914, 20, 
597 • Todd, in “ Physical and Chemical Pata 
of Nitrogen Fixation,” Munitions Inventions 
Dept., Ministry of Munitions, H.M. Stationery 
Office, 1918 ; Maurer, Z. anorg. Cbem. 1919, 108, 
273 • Claude, Compt. rend. 1919, 169, 1039; 
Todd, Proo. Durham Phil. Soc. 1920, 6, 1 ; Tour, 
Ind. Eng. Chem. 1921, 13, 298; Larson and 
Dodge, J. Amer. Chem. Soc. 1923, 45, 2918; 
Larson, ibid. 1924, 46, 367, 1002 ; Moldenhauer, 
Chem.-Ztg. 1925, 49, 65 ; Lurie and GiUospio, 
J. Amer. Chem. Soc. 1926, 48, 28 ; 1927, 49, 
1146 ; Jlittasch and Frankenburgor, Z. Elektro- 
ehem. 1929, 35, 920 ; Bosch, Chem. Fabr. 1933, 
6, 127; Newton and Dodge, Ind. Eng. Chem. 
1935, 27, 577 ; Stephenson and McMahon, 
J, Amer. Chem. Soc. 1939, 61, 437) show a 
marked increase with pressure. The equilibrium 
percentage of ammonia in gas of composition 
Nj+SHj is shown below. 


Atm. 

(abs.). 

10 

60 

100 

300 

000 

1,000 

350°O.. . 

7-41 

25-23 

37-35 

50-12 

75-02 

87-40 

400'’C.. . 

3-85 

15-27 

25-12 

47-00 

05-20 

79-82 

600°0,. . 

1-21 

6-50 

10-01 

20-44 

42-15 

67-47 

eGO'e.. . 

0-49 

2-25 

4-52 

13-77 

23-10 

31-43 

700°a. . 

0-23 

1-05 

2-18 

7-2S 

12-00 

12-S7 


This table is based on experiments at 326-500°c. 
and pressures of 10-1,000 atm. (abs.) and the 
accuracy is within 2%. The yield falls off as the 
temperature rises, but at very high temperatures 
it appears to increase again (JIaxted, J.C.S. 
1918, 113, 168, 386; 1919, 115, 113; J.S.C.I. 
1918, 37, 232t; B.P, 130023, 130003, 1919; 
Briner, Helv. CHm. Acta, 1919, 2, 102). 

A sketch of the industrial s^mthosis of am- 
monia is given in the section on Ajuionia 
(Vol. I, 3356). A description of tho plants at 
Oppau and Mersebiug is given hero (c/. Bosch, 
Industrial Chemist, 1934, 10, 90). 

The two factories, besides providing ammonia, 
manufacture ammonium sulphate, chloride, 
carbonate, and nitrate ; nitric acid, and sodium 


and potassium nitrates; urea; and variovu 
mixed fertilisers. 

_ The power for both plants is produced fron 
lignite, gasified in “ Bamag ” producers, 12 ft 
by 25 ft., ■with rotary grates, a little steam bcinj 
added to the air. In tho Oppau works tlu 
power plant generates 16,000-16,000 h.p. A 
row of 12 gas producers, each consuming 20 tons 
of lignite and yieldmg 2,000,000 cu. ft. of gas 
per day, is built alongside a similar row of water 
gas generators, which provide tho hydrogen 
The latter use Ruhr oven coke, and are of th< 
Pintsch type -with rotary grates, 16 ft. by 26 ft. 
gasifying over 30 tons of coke to 3,000,000 cu. ft 
of gas each daily. Some air is added, and th( 
resulting gas contains Hg 40, CO 30, COo 12 
^2 18%, approximately, 

Tim water gas is treated to produce hydrogei 
®°®°^P^°°®ss(B.P, 26770, 1912; 27117 

in 1 oa ’ u. fliissige Gase, 1914 
oak oei ®'“'l 1922, 28 

’ Taylor, ibid. 1922, 27 
S. J. Green, “Industrial Catalysis,’ 


Benn, 1928, pp. 167 el seq., 324 cl scq . ; Brownlie, 
Ind. Eng. Chem. 1938, 30, 1139). In this a 
mixture of water gas and steam is passed over 
a catalyst consisting of ferric oxide with pro- 
moters such as chromium oxido at a tempera- 
ture of 400-600®, when the reaction 

CO-bHoO^COj-l-Hs 

takes place. Tho catalyst remains active for 
two years, Tho catalyst plant comprises 24 
units in two sections of two rows of six or seven 
units. Each unit has two heat exchangers and 
one elevated catal 3 'st chamber; tho latter is 
16 ft. by 12 ft. by 10 ft. deep, with an oval cover 
ennyung two 8-in. pipes, and contains two trays 
of catalyst. Tho heat exchangers are 30 ft. by 
16 ft. by 6 ft., and tho w'holo apparatus is 
lagged, so that the reaction takes place without 
external heating. (Tho addition of a little oxygen 
or air to tho gas has been described ns a moans 
of maintaining tho temperature, a free flame 
burning in the catal 3 ’.st chamber.) TIio gas 
issuing from tho hydrogen converters (in -which 
tho reaction is conducted at atmospheric pres- 
sure) contains a little carbon monoxide (accord- 
ing to H. C. Greenwood, “ Industrial Ga.scs,” 
BailhAro, 1920, p. 163, this maj' bo 2-5%) 
and must bo purified from carbon dioxide, 
residual carbon monoxide, and hydrogen sul- 
pliido (from sulphur in the colto). 

Tlio purification (B.P. 9271, 1914; 120616, 
1917; F.P. 389671, 1908; U.S.P. 1196101, 
1916) is carried out by first washing out the 
carbon dio.xide wth water under pressure (B.P. 
11878, 1910; 124761, 1917); washing finally 
with soda (B.P, 16053, 1914) is not used. Car- 
bon monoxide is then taken out bj’ washing with 
nmraonincal cuprous formate solution, followed 
by hot sodium hydro.tido solution, both under 
high pressure (B.P. 1769, 1912 ; U.S.P. 1120371, 
1916; 1133087, 1915; J. Amer. Chem. Soc. 
1921, 43, 1). The Iij'drogon sulphide is also 
removed. Tho copper solution contains excess 
of ammonia (not less than O'JJ,) lo prevent iron 
being nltnckcd ; the alkali solution nmj’ contain 
25% NaOH, and is brought in contact with the 
gas at 260® mnlor 200 atm. In modern plants 
tho allcali wash is not used. 

In tho imrification from carbon dioxide the 
gas, carried by a 3-ft. main from tho converters, 
is compressed to 26 atm. and pas.sed to tho bases 
of eight steel towers, 30 ft. by' 4 ft., packed with 
rings, into tho tops of which water at 25 atm. 
pressure is injected by circulating pumps, Tho 
water issues charged with carbon dioxide; it is 
passed through Pelton wheels, in which 60% of 
tho power is recovered, and the carbon dioxide 
evolved is collected. It is more than sufficient to 
convert all tho ammonia made into amnuminm 
Bulphato by tbo gypsum process, or into chloride 
by tho nramonia-soda process. Tlio gas is now 
passed through steel bottles, which act as spray 
catchers, to tho high-pressuro plant. Hero it is 
brought to 200 atm. and delivered to the 
purifiers wliich remove carbon monoxide. 

This plant consists of 1 6 towers of special steel, 
each in one piece, 25-30 ft. high and 2 ft. G in, 
in external diameter, with flanged ends, and 
packed -with Guttmann balls. In tho fii-st oiglit 
of these, ammoniacal cuprous formate solution 
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(cf. Richardson, U.S.P. 1962626, 1934) is cir- 
culated, in the remainder sodium hydroxide 
(CO-}-NaOH=H-COONa). The liquids are 
circulated by eight hydraulic pumps of forged 
steel, 200 h.p. total, and the ammoniacal copper 
solution, which absorbs ten times its volume of 
carbon monoxide, is passed down a 40-ft. tower, 
when the gas is released and collected, ^ray 
traps in the form of vertical steel bottles are 
placed under these towers. The presence of 
0-01% of carbon monoxide in the final gas is 
said to be injurious. 

A solution of cuprous chloride in hydrochloric 
acid is said to be better than an ammoniacal 
solution for normal carbon monoxide absorption 
(Pyke, J. Proc. Austral. Chem. Inst. 1938, 5, 
201), but under high-pressure conditions this is 
uncertain. The ammoniacal cuprous solution 
may be regenerated by heating slowly to 60°, 
allowing oxygen to combine with carbon mon- 
oxide, expelling the carbon dioxide, and then 
removing the residual monoxide by heating 
rapidly to 70-80° (Chemical Construction 
Corp., U.S.P. 2047650, 1936). 

The purified hydrogen (with some nitrogen 
from the air mixed in the water-gas operation) 
is now passed to the catalyst plant by a high- 
pressure main. The nitrogen content is brought 
up to the ratio N2:3H2 from a Linde plant and 
the gas is dried. This is the optimum ratio, the 
presence of argon being deleterious, but not 
seriously so, at all pressures (Gillespie and 
Beattie, J. Amer. Chem. Soc. 1930, 52, 4239; 
Pavlov and Gaurilov, J. Chem. Ind. Moscow, 
1933, 10, No. 3, 22; Toniolo and Giamarco, 
Giorn. CMm. Ind. Appl. 1933, 15, 219). 

The catalyst plant in which the mixture is 
converted into ammonia consists of 15 steel 
converters, each comprising two straight flanged 
sections, each 6 m. long and 80 cm. in internal 
diameter, the walls being 18 cm. thick. These 
are bolted together and the covers are held on 
by fifteen 4-in. studs. The walls are perforated 
at intervals of 1 ft. with J-in. tapering holes for 
the purpose of releasing any gas which leaks 
behind the liners. Inside is a special steel liner, 
making a gas-tight joint with the ends (U.S.P. 
1188530, 1916; G.P. 254571 and 266296, 1911) 
to prevent attack of the carbon-steel retaining 
wall by the hydrogen; a lining of electrolytic 
iron might be possible. Inside this liner is 
probably a refractory lagging and a support for 
the catalyst, the internal diameter of the 
catalyst space being 60 cm. The outer walls 
are heavily lagged, and reach 300-400°; ,the 
catalyst is at 600°. (In some other installations 
the outer walls are not lagged, but are exposed 
to the air.) The temperature is maintained by 
heat exchangers (Nitzsohmann, Chem. Listy, 
1928, 22, 169, 199, 241), consisting of forged 
steel tubes, 6 m. long and 15 in. in external 
diameter, fitted internally with nests of f-in. 
steel tubes autogenously welded into end plates. 
Each catalyst rmit is mounted vertically with 
its heat exchanger inside a brickwork compart- 
ment with strong iron doors and planking, with 
a little of the bomb projecting above. (In some 
works the row of catalyst units is built against 
a strong wall, the exposed units being unpro- 
tected.) Starting may be effected by adding 


oxygen (which does not come into contact with 
the catalyst) (G.P. 269870, 1911) or by electrical 
heating (U.S.P. 1202996, 1916). An iron 
catalyst with a promoter is used. The converter 
has a long life (twenty years) (Edwards, Chem. 
Met. Eng. 1939, 46, 361). 

The gas is circulated through the catalyst; 
argon and methane (from residual carbon 
monoxide) may accumulate up to several per 
cent, and must be blown off periodically along 
with some N2-f3H2 mixture; 10% of the gas 
is lost by leakage. 

The ammonia is removed from the gas by 
solution in water under pressure (G.P. 235421, 
1908 ; 270192, 1912) ; liquefaction (U.S.P. 

1202995, 1916) is not economical with the per- 
centage of ammonia obtained in the gas by the 
Badische process, but is possible with the Claude 
process (p. 550d), when the gas is richer in 
ammonia. Three water injector pumps are 
connected with nine sets of absorbers, each con- 
sisting of three water-cooled steel spirals set 
vertically, the upper spiral being 60 ft. above 
ground. The gas passes down the lowest spiral, 
rises to the top of the second spiral and passes 
do^vn this, and similarly with the third spiral. 
Water flows down aU the spirals by gravity. A 
solution containing 25% of ammonia is obtained. 
The unconverted gas is dried and sent back to 
the catalyst system. 

The fuel requirements at Oppau (McCoimell, 
Ind. Eng. Chem. 1919, 11, 837) were 1,760 tons 
of lignite (400 for gas engines, 1,000 for steam for 
hydrogen plant, and 350 for power plant), and 
500 tons of coke (for hydrogen) per day. The 
daily cost pi labour was £2,300, of fuel £2,300, 
and working expenses, interest, etc., £6,700. 

The process at Merseburg differs from that at 
Oppau in two respects and represents a more 
modem practice : (1) the mixture of nitrogen and 
hydrogen is made directly by treating a mixture 
of producer (air) gas and water gas, with the 
addition of steam, by the Bosch process (Van der 
Worth, Chem. Ztg. 1935, 59, 276) ; (2) the puri- 
fied mixture of nitrogen and hydrogen, before 
passing to the main catalyst, is passed through 
a series of small catalyst vessels (“ Vorofen ”) 
to remove impurites (B.P. 6835, 1911). 

At Merseburg there are 31 gas generators, 
five for air gas and the rest for water gas, aU 
the air being provided by two blowers, each of 
350 h.p. The gases pass through three gas- 
holders, each of 1,765,000 cu. ft. capacity, pro- 
viding a reserve for 15 minutes. From these 
they are taken and mixed by blowers. The 
mixed gas then takes up the requisite amount of 
water vapour in two rows of six towers, each 
82 ft. high, through which hot water is pumped 
by seven pumps, each of 70 h.p. The water is 
warmed in a tower by the gas leaving the heat 
exchanger of the contact converters "for the 
hydrogen production. There are 48 heat 
exchanger towers. 

The gas, containing hydrogen, nitrogen, carbon 
monoxide, steam, and some carbon dioxide, 
passes, after preheating, to two sets of 24 con- 
tact furnaces in which the reaction 

CO-t-HaO^COj-fHa 
occurs. The gas then passes to two gasholders. 
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one of 360,000 cu. ft. and the other of 1,060,000 
cu. ft. capacity. Carbon dioxide is removed by 
washing in 21 to 30 tov'ers at 26 atm., the com- 
pression of the gas being in large part effected 
by one of the cylinders of the 200 atm. com- 
pressors, although a few pumps for 26 atm. are 
provided. Felton wheels recover ahout_ 40% 
of the energy of the released gas, which is 
utilised to compress the water to 25 atm. The 
power for this part of the plant is 40,000 h.p. 
(Schneider, Brennstoff-Chem. 1931, 12, 273 ; 
Anon. J.S.C.I. 1929, 48, 691 ; Chem.-Ztg. 1930, 
54, 2, 29, 66; Waeser, Chem. Fahr. 1932, 5, 
248, 266, 273). . 

For the removal of the carbon monoxide, the 
gas compressed to 200 atm. by twenty-four 

I, 000 h.p. compressors and twelve 600 h.p. 
compressors (for a study of the nitrogen— 
hydrogen-carbon monoxide mixture, see Vor- 
sohoyle, Phil. Trans. 1931, 230, 189) is scrubbed 
in 19 toTTora with ammoniacnl cuprous formate 
solution circulated by nine double pumps of 
600 h.p. The carbon monoxide recovered by 
reducing the pressure in towers is sent to the 
hydrogen contact plants. Six towers for 
sodium hydroxide solution remove the remain- 
ing carbon monoxide, this solution being cir- 
culated by six small pumps. 

The gas now passes to nine small contact fur- 
naces (“ Vorofen ”), in which the remaining 
impurities are removed by the catalj’st mass 
before passing to the main contact system. 
There are 24 main catalyst units (five being in 
reserve), and 24 heat exchangers. Circulation 
is effected by 11 pumps of 700 h.p. each. Tho 
ammonia formed is absorbed in water com- 
pressed to 200 atm. by five 100 h.p. and two 
300 h.p. pumps, in 20 towers 39-3 ft. high and 
29 in. in diameter. Tho ammonia solution is 
passed to an expander, the ammonia gas evolved 
being absorbed in a separate tower. In the ex- 
pansion the h5’^drogen and nitrogen gases dis- 
solved in the water under 200 atm. pressure are 
Uberated ; these pass through tho ammonia 
scrubbing tower and are collected in a gas- 
holder, from which they re-enter the circulatory 
system. 

Absorption of ammonia from tho gas by moist 
silica gel or active alumina, regenerated by steam 
or dry ammonia-free gas, is proposed (I.G.- 
Farbenind., B.P. 496026, 1937 ; not granted). 

The synthetic ammonia factory of Imperial 
Chemical Industries at Billingham uses a pro- 
cess similar to that used at Merseburg (Pollitt, 

J. S.C.I. 1927, 46, 291t) with a production in 
1931 of 160,000 tons of ammonia, and another 
works under their control is operating at 
Moddersfontein in South Africa (South African 
Min. and Eng. J. 1931, 42, 3, 39 ; Trans, South 
African Inst. Elec. Eng. 1932, 23, 266). 

The deterioration of steels under tho action 
of the compressed heated mixture containing 
hydrogen, nitrogen, and ammonia is important. 
Ordinary carbon steels are quickly penetrated 
and fissured by the carbon Resolving to form 
methane, and all steels are attacked to some 
extent and their tensile strength lowered, 
hickel steels are deeply penetrated but show a 
high residual strength ; chromium steels 
deteriorate more rapidly as the carbon content 


increases ; addition of molybdenum and nickol 
improves their resistance. High-chromium and 
nickol-chromium steels of tho stainless typo are 
best, but are difficult to forge and machine. 
Vanadium produces an appreciable improve- 
ment (Thompson, Trans. Amor. Electrochom. 
Soo. 1926, 50, 101 ; Vanick, Trans. Amor. Soc. 
Steel Treat. 1927, 12, 169 ; Vanick, do Sveshni- 
koff, and Thompson, U.S. Bur, Stand. Tech. 
Paper, No. 361, 1927, 22, 199; Hadfiold, 
J.S.C.I. 1930, 49, 48 t; Inghs and Andrews, 
Engineering, 1933, 136, 613). According to 
Bockot (J.S.C.I. 1932, 51, 62n), 2% of chromium 
limits penetration and fissuring of steely in 
ammonia converters to a minute depth, since 
tho cliromium nitride seals incipient fissures. 
Steels for such convertors aro specified to con- 
tain l-6-2'26% of chromium and not over 0'30% 
of carbon ; in some cases about 0-20% of 
vanadium is added. Molecular nitrogen is 
appreciably absorbed by iron only above 900°, 
tho amount taken up being proportional to Vp 
(Martin, Stahl und Eisen, 1929, 49, 1861 ; 
Sioverts and Krul!, Bcr. 1930, 63 [B], 1071 ; 
Gray and Thompson, J.S.C.I. 1931, 50, 353 t; 
Gray, tbtd. 1932, 51, 537; Emmett and 
Bninauer, J. Amor. Chem. Soc. 1933, 55, 1738). 
Lining tho converter with silicon or silicon alloys 
has been proposed (I.G. Farbcnind.). An ad- 
vantage of tho Mont Cenis process (7.U.) is that, 
on account of tho low working-tomperaturo 
(370°), ordinary carbon steels may bo used 
(Riloy and Bott, Chom. Age, 1931, 2*4, 188). A 
coppcr-mangnncso alloy resists hydrogen and 
carbon monoxide at high temperatures (Bosch, 
Chem. Fabr. 1934, 7, 1). 

Great numbers of methods of purif3'ing tho 
N 2-1-3 H 2 gas mixture before conversion have 
been de.scribcd and protected (B. Wncser, 
“Dio Stickstoffindustric,” licip/.ig, 192-1, p. 83; 
Mtillcr, in UUmann, " Enr.j'klopiidio dcr tccli- 
nischen Chcmic,” 2nd cd., Vol. I, p. 349 ; A. 
Briluor and J. D’Ans, “ Fortschritto in dor 
anorg.-chom, Industrie an Hand der dout.schen 
Roichs-patente,” Berlin, Band 1, 3 parts, 1921- 
23; Band 2, 2 parts, 1925; Band 3, 4 parts, 
1928-30; Band 4, 3 parts, 1931-35; G. 
Schuchardt, “ Technischo Gowinnung von Stick- 
stoff, Ammoniak, etc.,” Sammlung chem. u. 
chcm.-tcchn. Vortrfigo, 1919, 25, 213; L’Air 
Liquido, U.S.P. 1915723, 1933). These include 
scrubbing tho gas -with liquid ammonia, or with 
n solution of sodium in liquid ammonia, under 
pressure (Norsk Hydro.); tho addition of a 
regulated amount of ammonia to tho gas, saj' 
in tho form of gas from tho converters, followed 
by cooling to liquefy out tho ammonia and im- 
purities (Park, Slado, and Synthetic Ammonia 
and Nitrates, Ltd., B.P. 240360, 1926). 

When tho hydrogen is obtained from water 
gas it is usual (ns at Merseburg) to blond tho 
water gas and producer gas to form a mixture of 
carbon dioxide, carbon monoxide, hydrogen, and 
nitrogen, so that after separation of carbon 
dioxide, and tho catalytic formation of hydrogen 
from admixed steam and tho carbon monoxide 
(economy in which may bo offootod by using 
hot wator-gas without condensation), a mixture 
of Nj-l-SHg is obtained directly. Largo num- 
bors^of methods for particular ways of producing 
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these mixtures are patented. I.G. Parhenind. 
(U.S.P. 1666694, 1928) pass through one pro- 
ducer steam and Wo mixtures of o^gen and 
nitrogen from air liquefaction, one richer and 
the other poorer in oxygen than atmospheric 
air, so that the resulting gas contains 1 vol. Nj 
to 3 Tol. (Hg-l-CO). The removal of carbon 
monoxide from the gas by catalytic conversion 
to methanol has been proposed (Jordan, Proc. 
World Eng. Gongr. 1929, SI, 139 ; Williams and 
Lazote Inc., B.P. 258887, 1925). In separating 
residual carbon monoxide the xvashing rvith am- 
moniacal copper solution, vrhich may be cooled 
at 0°, alone is often used, the sodium-hydroxide 
pressure-'wash being omitted (Dely and Syn- 
thetic Ammonia and Nitrates, Ltd., B.P. 220651, 
1923 ; Chem. Trade J, 1931, 89, 471). dande 
(Compt. rend. 1921, 173, 653 ; Ind. Eng. Chem. 
1922, 14, 791) obtained hydrogen from mater gas 
by liquefaction of the carbon monoxide. In 
Germany the LG. Parbenindustrie makes cheap 
hydrogen from lignite, mhich can be steamed in 
pomder form in a special type of gas producer. 

The possibility of the conversion of methane in 
natural gas, coal gas, and gases from petroleum 
treatment, into hydrogen has received attention. 
Treatment mith steam is one process (Armstrong, 
Chem. Trade J. 1931, 39, 448 ; J.S.C.I. 1930, 49, 
53 t). The Kuhlmann Co. in Prance convert 
methane in purified coke-oven gas into carbon 
monoxide by mixing mith steam and heating at 
1,200° in contact mith a refractory containing 
over 75% of alumina, m.p. 1,900°, no specific 
catalyst being necessary (Chem. Trade J. 1931, 
89, 453 ; Wietzel and Schiller, U.S.P. 1921856, 
1933; Wilcox, U.S.P. 1901136, 1903845, 

1905326, 1933 ; 1962418, 1934 ; Williams, U.S.P. 
1938202, 1933 ; v. Htdeogex, Vol. IT, p. 328). 

At Ougree (Belgium) synthetic methyl alcohol 
is made as a preliminary to ammonia synthesis 
and very pure hydrogen is not necessary (Claude, 
Chim. et. Ind. 1937, 37, 3). The methane con- 
tent of coke-oven gas may be reduced from 21 
to 0'O% by reaction ivith steam in presence of a 
nickel catalyst (Thau, Z. Ver. dent. Ing. 1938, 
82, 862; c/. Du Pont de Nemours, U.S.P. 
2064867, 1936; 2119565-6, 1938). 

Explosion of methane-air mixtures gives a 
nitrogen-hydrogen mixture (Kabozev, Kazar- 
novsM, and Kaschtanov, J. Chem. Ind. Russ. 
1935, 12, 1030). 

In the Liljenroth process used at Merseburg, 
phosphorus vapour mixed xrith steam is passed 
over a catalyst at 700-1,000° to produce hydro- 
gen for ammonia synthesis and phosphoric acid 
for mixed fertilisers : 

P4-}-16H20=4H3P04-(-16H2, 
but the formation of phosphine : 

P4-}-12H20 = PH3-h3H3P04-h6H2 

is difficult to avoid (P. A. Ernst, “ Pixatdon of 
Atmospheric Nitrogen,” Nerv York, 1928, p. 68 ; 
Wietzd and Pauclmer, U.S.P. 1916594, 1933). 

The use of sulphur instead of phosphorus is 
proposed (Norsk Hydro., B.P. 176779, 181326, 
1921). 

Coke-oven gas as a source of hydrogen rras 
proposed by Claude (B.P. 130358, 1917; 
Compt. rend. 1919, 169, 649, 1039 ; 1920, 170, 


174; 1921, 172, 974; 1922, 174, 157, 681; 
1926, 182, 877 ; Ind. Eng. Chem. 1922, 14, mg . 
Chim. et Ind. 1924, 11, 1055; 1937, 37, 3^ 
Brownlie, Ind. Eng. Chem. 1938, 30, 1139- 
CicaU, U.S.P. 1885059, 1932). 

In the original proposal, washing with a sol- 
vent such as ether at —50° and 100 atm. pres- 
sure, was used, but in later processes purifyintr 
aqueous washes are used, followed by pro- 
gressive cooling to liquefy all gases except 
hydrogen, washing with Uquid nitrogen and 
addition of further nitrogen being used at the 
end to obtain the N 2 -}- 3 H 2 mixture. A recovery 
of 92% of the hydrogen in the coke-oven gas, 
with less than 0-02% of carbon monoxide, is 
claimed. In certain circumstances the process 
is more economical than that starting with 
water gas (Claude, Chem. Met. Eng. 1923, 28, 
498 ; Moldenhauer, Chem.-Ztg. 1924, 48, 233 ; 
Anon., Metallborse, 1924, 14, 817, 993; Z. 
angew. Chem. 1924, 37, 76; Schonfelder, Ber. 
Ges. Kohlentech. 1925, 1, 397 ; Dodge, Chem. 
Met. Eng. 1926, 33, 416 ; Muller, Stahl und 
Eisen, 1928, 48, 405 ; Jordan, Proc. World Eng. 
Gongr. 1929, 31, 139 ; Thau, Das Gas u. Wasser- 
fach, 1930, 73, 767; Gas J. 1930, 191, 524; 
Polhtt, Trans. Sec. World Power Conference, 
Berlin, 1930, 2, 145 ; Armstrong, J. Soc. Arts, 
1932, 80, 611). 

Parrish (Chem. Age, 1933, 29, 591) gives per 
metric ton of ammonia as 25% liquor from coke- 
oven gas £6, water gas £7-2, electrolytic hydro- 
gen £7 to £11-7, with power at 0-05d. to 0-l5d. 
per kw.-hr. 

In the Casah plant at Ostend (Pahemaerts, 
Ind. Eng. Chem. 1929, 21, 22) using the Union 
Chimique Beige method, the coke-oven gas is 
washed successively with ammonia solution, 
water, dilute sulphuric acid, and soda; it is 
then compressed to 9 atm., and washed with 
water to remove acetylene, cooled to —45°, and 
fractionated by further cooling to separate 
ethylene, methane, and carbon monoxide in 
turn, the final gas being scrubbed with liquid 
nitrogen, further nitrogen gas being added to 
make up the mixture for synthesis. 

In the Moiit Cenis process the purified coke- 
oven gas is washed with liquid nitrogen in 
a Linde-Bronn separator, which takes out 
practically everything except hydrogen and 
nitrogen, is mixed with farther nitrogen and 
then, containing 0-05% each of carbon monoxide 
and oxygen, is compressed to 100 atm., heated 
to 300° by interchangers, and passed over a 
nickel catalyst, which converts the carbon mon- 
oxide into methane and the oxygen into water. 
It is cooled to deposit part of the water, mixed 
with some gas from the ammonia converters, 
and cooled to —55° to deposit liquid ammonia 
and impurities. The residual gas, containmg 
0-2-0-5% of ammonia, is heated in exchangers 
to 320° and then goes to the converters at 370°, 
the issuing gas containing 12-13% of ammonia. 

The Claude Process. — Claude (B.P. 130086 
1917; 140083, 140089, 1918; 150744, 153254, 
1919; J.S.C.L 1921, 40, 420 e; Scott, Colliery 
Guardian. 1924, 127, 737 ; Rugarcia, Rev. ing. 
ind. Madrid, 1932, 3, 321, 362) uses much 
higher pressures (up to 1,000 atm.) than in the 
Haber process. The increased cost of com- 
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pression from 250 atm. to 1,000 atm. is only 
one-tliird. The converters are much smaller, 
there is an increased evolution of heat -wliich 
must be removed, and the gas is not recirculated, 
but passes back to the gasholders. The yield 
is 6 kg. of ammonia per kg. of catalyst per hour, 
as compared -udth 400 g.' in the Haber process. 
The working temperature of the catalyst is 600- 
650°. The gas is so rich in ammonia (over 20% 
by vol.) that this can be liquefied under the high 
pressme by external water cooling, and the cold 
produced by the evaporation of the liquid 
utilised (on the solubility of hydrogen in liquid 
ammonia, see Wiebe and Gaddy, J. Amor. 
Chem. Soc. 1937, 59, 1984). The process may 
be combined with the Schreib modification of 
the ammonia-soda process (G.P. 3G093, 1885) 
to make ammonium clilorido, or the ammonia 
can be converted into sulphate. 

The catalyst tubes for the Claude process, 
which must withstand high pressure, may bo 
cast solid and bored out from special nickel- 
chrome steel (“ Vicro7iic ”) not attacked by 
hydrogen. The heads fit uith a gun-breech 
mechanism and copper washer. Four catalyst 
tubes form a unit, the first pair in parallel, the 
others in series. The tubes are 2 m. lugh and 
100 mm. in outside diameter. The overall 
energy consumption is below 2-6 kw.-lir. per 
kg. of anhydrous ammonia. The life of the 
catalyst is 300 hours (Z. angew. Chem. 1930, 43, 
417 ; Maxted, Proc. Chem. Eng. Group Soc. 
Chem. Ind. 1928, 8, 19). The Claude process is 
worked at Bethune and Waziers in Franco, in 
Belgium, Germany, Spain, America, and Japan. 

At the Du Pont works at Bello, W. Va., tho 
gas for conversion is compressed to 1,000 atm. 
in stages of 25, 86, and 320 atm., and fho CO 
removed by conversion to methanol (Anon., 
Ind. Eng. Chem. 1930, 28, 433). 

The Casale Process. — ^This process (Bra- 
ham, J. Ind. Eng. Chem. 1922, 14, 791 ; J. R. 
Partington, “ Tho Allcali Industry,” Baillihro, 
1925, p. 263, Fig. 73), first operated in Italy, 
resembles the Claude in using a high prcssimo 
(600-900 atm.), but regulates tho production of 
heat in the converter b}' leaving a proportion of 
ammonia in the gas recirculated. Tho worldng 
temperature is about fiOO^o., with a space-time 
velocity (cu. ft. gas at S.T.P. per hour per cu. ft. 
catalyst) of 12,000. Tho efSuent gas contains 
16% of ammonia. Tho catalyst is made by burn- 
ing iron in oxygen under high pressure so as to 
oxidise 6-15% and volatilise harmful impurities. 
The converter is 20 ft. long and 14 in. in 
internal diameter, and contains about 10 cu. ft. 
of catalyst disposed in an annular ring 3 in. 
thick and 18 ft, long. Tho entering gas passes 
up m contact with the inner surface of the shell, 
S contact with tho hot exit-gas. 

It then passes down an electric heater in tho core 

J whole process being kept slightly 

endothermic, up through tho annular catalyst, 
ao^m the heat exchanger, and out. Tho catalyst 
IS changed every year. The process is used at 
lemi (Rome), Ostond (760 atm.), Toulouse (tho 
Niagara FaUs, Japan, 
etc. (Ind. Eng. Chem. 1929, 21, 22). Tho Casale 

^ , Canada, at Sandwich, which supplied 
an the anhydrous ammonia required in the 


Dominion, prepares tho mixed gas by biiming 
electrolytic hydrogen in air so as to give directly 
3 Hod- No, which is scrubbed and converted 
(Broivn, Chim. ot Ind. 1934, 82, 769). Part of 
tho ammonia is oxidised to nitric acid at Boloeil, 
Quebec (Chem. Ago, 1931, 25, 6). 

The Fauser Process. — ^This was introduced 
by the Societa Elettrochimica Novareso at 
Novara, Italy (J.S.C.I. 1923, 42, 835n; Fauser, 
Giom. Chim. Ind. Appl. 1931, 13, 301 ; I pro- 
gress! dcir industr. cliim. ital.. Assoc, Ital. di 
Chimica, Romo, 1932, 55 ; Congr. int. Quim. 
pura appl. 1934, 9, III, 402; Pastoncsi, In- 
dustria Chimica, 1932, 7, 583; Chim. c LTnd. 
1936, 18, 511; Chim. et Ind. 1937, 35, 1115; 
Giom. Chim. Ind. Appl. 1934, 14, 444, 015 ; 
Zambianchh Chem. Age, N.Y., 1923, 31, 413; 
Brftuor, Rcitstottcr, and Sicbcnrcicher, Angew, 
Chem. 1.033, 46, 7; Mavori, Chim. o LTnd. 1939, 
21, 572). It works at a modomto pressure of 
250-300, or oven 200 atm., tlio gases being pre- 
heated to 600° in a batterj' of tubes embedded 
in the cntal 3 'st material, and tho temperaturo is 
graduallj' lowered to 450° as the proportion of 
ammonia increases. Ammonia not liquefied b^’ 
cooling is dissolved out in water used to lubrieafe 
tho compressor, and tho dissolved gas is driven 
out in a heat exchanger warmed bj’ tho con- 
verter gas. 

Tho Fauser plant of the Consolidated Mining 
and Smelting Co. at Trail, B.C., with a capaciti* 
of 47 tons of ammonia per da^', tisc.s elcctroljd ic 
hj’drogen, and nitrogen from a Claude plant. 
'J’ho operating pressure is 300 atm., liquid am- 
monia being obtained directly*, and stored in a 
30-ft. diameter Horton sphere (.MeMichael, 
Chem. Met. Eng. 1930, 37, 484; J.S.C.I. 1931, 
50, C25n; Chem. Trade J. 1931, 89, 524 ; Kirk- 
Patrick, Chem. Jlct. Eng. 1931, 38, 020; Ind. 
Eng. Clicm. 1930, 22, 433, for transjiort of 
ammonia). 

Tho largest Fauser installation (40,000 tons 
of nitrogen per annum) is at Sluiskil, Holland, 
operated bj' the Compagnio Nccriandaise do 
I’Azotc (Borclii, Chem. Met. Eng. 1932, 39, 120; 
Chem. Ago, 1932, 26, 308 ; Chem. Trade J. 1933, 
92, 464). Both coke-oven gas and water gas are 
used, the pressure in the converter being 250- 
,300 kg. per sq.cm, and the total capacity of tho 
six converters is GOO tons of ammonia per 24 
hours. An activated iron catal^-st is used, which 
requires renewal once a year. Two preliminary 
converters transform any residual carbon mon- 
oxide into methane, which is not a catalyst 
poison. Preliminary heating is electrical, but 
once reaction has started tho current is shut off. 
Ammonium sulphate is produced at Sluiskil 
(Fauser, B.P. 202129, 1927) in a steel reaction 
chamber in which ammonia gas is introducccl 
at tho bottom and meets a shower of sulpliuric , 
acid distributed at tho top. Tho heat of reaction 
volatilises tho water and tho dry salt is removed 
from tho bottom by screw conveyers. Tho plant 
can produce 800 tons per 24 hours. 

Fauser plants are in operation in other parts of 
Holland, in Germany (Picssteritz), Poland 
(Tamow), Sweden, Japan, etc. 

The Duparc Process.— This process (B.P. 
140061, 1919; Duparc, Wenger, and Urfer, 
Holv. Chim. Acta, 1930, 13, 060) was to work at 
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atmosplieric pressnre and 325'' to prodnce a gas 
containing 25% of ammonia, bnt does not seem 
to tare been nsed technicaDy. 

The Mont Cenis Process. — ^THs -^as set 
in operation near Essen in Germany in 192fc, 
prodncing 24000 tons of fixed nitrogen per year. 
There are plants also in Holland, France, and 
America. A lo'sr pressure of 9S atm. and a loir 
temperatnre of 400'c. are 'used. With a practical 
speed of rrorking, the efiinent gas contains 20% 
of ammonia. The special features are the 
catalyst (Hhde, B.P. 273735. 1926) and the 
pnrifica'tion of the gases (Scholvien, Chem. 
and Afet. Eng. 1931, 38, 82; Chem. Age, 
1931, 24, SOf; Parrish, ibid. 1931, 25, 581; 
Armstrong, J. Soc, Arts, 1932, 80, 611). 

Synthetic ammonia plants using coke-oven 
gas {probably Alont Cenis or modified proc^ses) 
in use in Germany in 1932 (Ullmann, “ Enzy- 
klopadie der technischen Chemie." VoL IX, ' 
p. 720) irith the stated capacities in metric 
tons of fixed nitrogen per annum irere: ATont 
Cenis (30,000), Heme (40,000), Holten-Sterkade 
(45,090), Schol-n-en (52.000 ; Alont Cenis, ma ki n g 
liquid ammonia), Ost-Erkenschwick (22,500) 
Waldenbuig (22,500), and Rexel (20,000; 
Clande, making liquid ammonia). 

The American synthetic ammonia production 
for 1931 Tras estimated at 290,000 tons (Riley 
and Bott, Chem. Age, 1931, 24, ISS). The 
synthetic plants in America, in order of capacity, 
are: Atmospheric Xitrogen Corporation, Syra- 
cuse, AT.Y.; Lazote Inc. (Dn Pont Snbsidi^) 
atCharieston,TF. Ta. ; Alathieson .Alkali Works. 
Xiagara Falls (using electrolytic hydrogen) ; 
iSiagata Ammonia Co. (Dn Pont Subsidiary); 
RoKsler-Hasslacher Chemical Co., Xiagara 
Fafls; the Pacific Xitrogen Corporation (Dn 
Pont Subsidiary) at Seattle, TTashington; the 
Great TFestem idectrochemical Co. at Pittsburg, 
Calif Of the American plants, calculated on 
capacity, 57% operate tritb water gas, 32^(, 
on by-prodnct hydrogen, and 11% on electrolytic 
hydrogen. Synthetic sodium nitrate is made at 
the Hopewell IF. Ta., works (Chem. Trade J. 
1934 88, 3SS). 

The world capacity of synthetic ammonia 
plants in 1936 -was given as 6,600,000 tons of 
a mm onia per annum (Breslaner, Chem. Alet. 
Eng. 1936, 43, 2S2). 

Ammonia gas is catalytically decomposed in 
contact -with heated metals such as iron, plati- 
num, and tungsten (Perman and Atkinson, Proc. 
Roy. Soc. 1904, 74, 110; Bodenstein and 
Exanendieck, Xemst Festschrift, 1912, 99; 
J.C.S. 1912, 102, ii, 1155). On platinum and 
tungsten the rate of decomposition at a given 
temperature is given by 

— dc/dt=iic/(5n4- eh) 

where c=ammonia pressure, n=nitrogen pres- 
sure, h=hydrogen pressure, and h, S, and c are 
constants (Hmshelwood and Buck, ibid. 1925, 

127, 1105; Schwab, Z. phvsikaL Chem. 1927. 

128, 161 ; 1928, 131, 446). * 

The use of “ cracked ” synthetic ammonia 
(N,-r3H,) or ammonia itself for heat-treatment 
of metals, etc., has been proposed (Anon., Ind. 
Eng. Chem. 1930, 22, 433 ; Pollitt, Chem. Ase, 
1931, 25. 570; Burke, U.SH. 1915120, 19^; 


Hall and Imp. Chem. Ind., B.P. 3S0110, 1931 ; 
Chem. Trade J. 1931, 89, 206; 1933, 92, 459; 
Brandt, ATetals and Alloys, 1942, 16, 60). 

ErxArrox or Xiihogex as Xheides. 

Alany elements, such as lithinm, calcium, mag- 
nesinm, and boron absorb nitrogen when 
heated, forming nitrides which are decomposed 
by -water -with evolntion of ammonia (E. B. 
Alaxted, “Ammonia and the Asitrides,” Churchill, 
1921 ; Franck, Bredig, and Hoffinann, Xatur- 
■wiss. 1933, 21, 330). A more promising reaction 
is the formation of alnmininm nitride AIN ftom 
nitrogen and a mixture of alumina and carbon 
at very high temperatures : 

AUO.-rSC-fN,^ 2A1N4-3CO-140 kg.-cal. 

Alumrurnm itself h^ins to absorb nitrogen a' 
750' (Fichter and O^terheld, Z. Elektrochem. 
1915, 21, 50). AlnmuiiuTn nitride can be decom- 
posed by heating -with -water and a little alkab' 
under pressure, with production of alranina, 
which may serve for -the manufacture of metallic 
alnmininm : 

AlNA3H„0=Al{0H)3-bNH3, 

These reactions were applied in the Serpek 
Process (B.P. 130S6, 1910, and nnmero-ns later 
patents ; summary in Gmelin, “ Handbnch 
der anoiganisehen Chemie,” Berlin, 1933, Part, 
Sob, p. 137), which -was -worked for a time ia 
the Savoy, but later abandoned. The absorption 
is greatly accelerated by iron oxide, so that 
bauxite forms a suitable raw material. A 
temperature of 1,S00'C. was necessary, the time 
of contact was 5-6 hours, and the refractories 
snSered considerably. The original claim -was 
I kg. of nitrogen fix^ for 10-12 kw.-hr. 

ferpek states that a mixture of hydrogen aijd 
nitrogen gives better results than producer gas. 
The Shoeld furnace is similar to that -used for 
cyanamide (p. 5545), -with a central heating rod 
of carbon, the charge being a briquetted mixture 
of 3 parts of alumina and 1 part of carbon. In 
the latest type of furnace proposed (Z. fcom- 
piimierte u. fluss. Case, 1914, 16, 55) a short 
chamber, 4 m. high and 1-5 m. -vride, is nsed. 
The mixture of bauxite and carbon is dropped 
through the nitrogen at a temperatnre not 
exceeding 1,250-1,300^ and conversion takes 
place more rapidly than in the old type' of 
levol-ving furnace; producer gas is used, and 
pure carbon monoxide passes out of the furnace. 
Two tons of alnmina are obtained and 500 kg. of 
nitrogen fixed per h-p.-year. The process does 
not appear to be used on the industrial scale. 
{See also Bichards, J. T- <i. Enr. Chem. 1913, 5, 
335; Tucker, J.S.C-L 1913. 32, 1143: Escher, 
Chem.-Ztg. 1918, 42, 353, 361 ; Shoeld, U.SH. 
1344153, 1920; Herman, G.P. 319046, 1920; 
Krauss, Thompson, and Tee, Ind. Ens. Chem. 
1926, 18, 1287). 

ErsAjriox or Xebogex as Ctaiotss. 

The production of alkali and alkaline-earth 
cyanides starting with elementary nitrogen, and 
the hydrolysis of the cyanides with formation 
of a mm onia, has often been proposed, and at 
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me time the Bucher process (J. Ind. Eng. Chem. 
[917, 9, 233; v. Ctakides, Vol. Ill, 4S2) 
ittracted some attention. It has never been of 
jjjy gigniScance as a source of ammonia, and 
ater developments have been concerned %nth 
ittempts to produce cvanides {see Heisc and 
Foote, ibid. 1920, 12, 331; Mount, Met. 
3iem. Eng. 1920, 22, 709; Thompson, xbid. 
[9=>^, 26, 124 ; Berl and Braune, Fortschr. Chem. 
Ph^. u. phvs. Chem. 1925, 18, 199 ; Guernsey 
■/ al., Ind. Ens. Chem. 1926, 18, 243). 

The Thann'” process for the production of 
sodium cyanide depends on the reaction 

CaCNs-f2CaC„+Na,C03 

=2NaCN-f3CaO-}-4C 

[Hatt, Chim. et. Ind. 1932, 28, 777 ; cf. Kretov. 
J. Chem. Ind. ^loscovr, 1933, 10, No. 4, 2S ; 
larhsle, Ind. Eng. Chem. 1933, 25, 959; 
Buchanan, Chim. et Ind. 1932, 28, 1024 ; 
Brauer, Reitstotter, and Siebenreicher, Angew. 
3hem. 1933, 46, 7). The reduction of sodium 
jyanate to cyanide by carbon monoxide is 
practicaDy quantitative at 700° (Drucker and 
Benglein, Z. phvsikal. Chem. Bodenstcin Festb. 
1931, 437). 

The synthesis of hydrocyanic acid from 
aitrogen and hydrocarbons (r. Cyaxides, 
rol. HI, 49S5) has been studied. 


The Cyaxajude Process. 

{See also Vol. H, 219c.) 

According to Moissan (Compt. rend. 1S94, 
118, 501) calcium carbide does not absorb 
aitrogen at 1,200°, but Rothc, and Frank and 
Caro (G.P. 925S7, 1895; 227854, 1907; Z. 
iugeu-. Chem. 1903, 16, 658, 753; 1906, 19, 
S35; 1909, 22, 1178), working 'vvith crude 
carbide, found that absorption occurs readily 
at that temperature, with the formation of a 
nuxtore of calcium cyanamide and graphite by 
an exothermic reaction : 

CaCj-P CsCN i,-)- C . 

With barium carbide 30% of the nitrogen is 
absorbed as barium cyam'de, Ba(CN);, and the 
rest as barium cyanamide, BaCN, "(Erlwein, 
Z. angew. Chem. 1903, 16, 533; ‘Askenasv, 
G.P. 382041, 1922; Deguide, F.P. 591019, 
1924; Grude, Z. Elektrochem. 1922, 28, 150; 
Askenasy and Bring, ibid. 1926, 32, 216; 
Schweitzer, ibid.^ 1926, 32, 98). The jdeld of 
calcium cyanamide is about two-thirds of the 
theoretical. 

The crude dark-grey product of the absorption 
ly calcium carbide is known ns 

nitrolim ’ or “ Kalkstickstoff ” and contains 
^out 20% of combined nitrogen. When 
teated with water to remove unchanged car- 
bide the product is called “ cyanamide ” and is 
used as a fertiliser. 

The. absorption of nitrogen by carbide is 
reversible at 1,360° and the best temperature for 
the reaction is 1,000-1,100°. 

Finely powder^ calcite heated in a mixture of 
(95%) and carbon dioxide (5%) at 
ew pves a product containing 92-94% of 
(Nagai and Yamaguchi, J. Soc. Chem. 


Ind. Japan, 1940, 43, 361n), and pure calcium 
C3*anamide (which is white) is obtained bj' heat- 
ing dicyanodiamido (HjCNo), {v. Vol. Ill, 602d) 
with calcium oxide in nitrogen at 900-1,000° 
(Kameyama, J. Coll. Eng. Tokyo, 1920, 10, 
173). It oxidises in air above 400° : 

2CaCN,-t30j=2Ca0-f2C0j-f2N,. 

The crj'.stnl structure is analogous to that of 
sodium azide NaN^ ivith a hexagonal lattice 
(Bredig, J. Amer. Chem. Soc. 1942, 64, 1730). 

The system : 

CaCA-j-N-f^CaCNj-l-C 

was in\'cstigatcd b\* Bredig. Fraenkcl, and 
Wilke (Z. Elektrochem. 1907, 13, 69, 605; rf. 
Foerster and Jacoby, ibid. 101 ; Rudolfi, Z. 
nnorg. Chem. 1907, M. 170), who found that the 
rate of absorption of nitrogen is proportional to 
the pressure, other things being con.stant. 
Thompson and Lombard (.Met. Chem. Eng. 
1910, 8, 617, 6S2) found that the system is 
univariant, there being a fi.xed equilibrium 
pre.ssure of nitrogen at each temperature. The 
pres<ure-tcmpcmturo curve has two branches, 
the branch from 910°c. to LlaO'c. rising like a 
vapour-prc.'surc curve, whilst bclrvcen I,150°c. 
and l,450°c. the curve becomes a straight line; 
in this region tlie pressure depend.s on the com- 
jiosition of the solid phase. IjO Blanc and 
Eschmann (Z. Elektrochem. 1911, 17, 20) also 
found that the pressure above 1,200’ depends on 
the nitrogen content of the solid phase n.s well 
as on the temperature, indicating that solid 
solutions are formed ; thev nl«o found difficult^' 
with the subUmation of calcium c^’anamide. 

The action of fluxeS) c.g., calcium fluoride, on 
the reaction has been studied (Bredig, Fraenkcl, 
and Wilke, l.c . ; Foerster and Jacobv, l.c. ; 
ibid. 1909, 15, 820; Gcscllschafl fiir StickstofF- 
dfinger, G.P. 163320, 1901). Calcium cliloride 
lowers tho temperature of absorption of nitrogen 
from 1,100° to about 800°, calcium fluoride to 
900°. Tho fluxes probably- remove a protecting 
film from the surface of the carbide. There is 
an optimum amount of fluoride, depending on 
tho temperature. 

The hcnl of formnlion of calcium ej’anamide 
was determined, from the heat of combustion of 
a 98% specimen, free from carbon, ns 84-0 kg.- 
cal. at constant volume and room tomj)craturo 
(Franck and Ilockwald, Z. Elektrochem. 1925. 
31, 581), which corresponds with a heat of 
reaction : 

CuCn-i" bl 2 =CnC Nft-)- G-f- 70*5 kg. -cal., 

whilst tho value 68-4 kg.-cal. was found from 
equilibrium measurements at 1,080-1,130° 
(Franck and Hcimann, ibid. 1927, 33, 469). 
Kamej-ama (J. Coll. Eng. Tokj-o, 1920, 10. 173) 
found 94*8 kg.-cal. {cf also Matignon. Ann. Cliim. 
Phys. 1908, [viii], 14, 1 ; Dolch, Z. Elektrochem. 
1920, 26, 455; Ehrlich, ibid. 1922, 28, 529; 
Kameyama, J. Fac. Sci. Tokjm, 1923, 13, 61, 
75; Krase and Yee, J. Amer.'Chem. Soc. 1924, 
46, 1358 ; Franck et al., Samml. chem. u. 
chom.-tcchn. Vortrago, N.F., 1931, 6; Kame- 
yama and Oka, J. Soc. Chem. Ind. Japan, 1931, 
34, 325 b; Gabrielova, Trans. Sci. Inst. Ferti- 
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lisers, Moscow, 1932, No. 92, 49 ; Barsky, Caiim. 
et Ind. 1932, 28, 1032 ; Gelhaar, Tekn. Tidskr., 
Uppl. G. (Kemi), Stockholm, 1932, 62, 81 ; Aono, 
Bull. Soc. Chem. Japan, 1933, 7, 287). The 
heat of the hydrolysis reaction (Franck and 
Freitag, Z. Elektrochem. 1932, 38, 240) is : 

CaC N od" 3 H gO (gas) 

=CaC03+2NH3(ga8)+53-6 kg.-cal. 

or, with hquid water : 

CaCN,+3H20(liq.) 

=CaCO3+2NH3(gas)+20-6 kg.-cal. 

(Kameyama calculated 14-1 kg.-cal. ; Landis 
estimated 200-300 C.H.U. per lb. of ammonia 
in autoclaves, J. Ind. Eng. Chem. 1916, 8, 156). 
The kinetics of cyanamide formation were 
studied by Franck, Hochwald, and Hoffmann 
(Z. physikal. Chem. Bodenstein Festb. 1931, 
896). 

The processes for the absorption of nitrogen 
by calcium carbide may be divided into : 

(i) those in which extemaUy-fired retorts are 
used, and the process worked discontinuously ; 

(ii) those in which the carbide is heated by 
electricity passed through a carbon rod in the 
mass of carbide, the process being worked dis- 
continuously; (iii) those in which the carbide 
is passed continuously through an electric fur- 
nace in a current of nitrogen. At present, pro- 
cess (ii) is most used. 

The overall power requirement for cyanamide 
production, including carbide, is 2'3 kw.-yr. (of 
8,600 hour), per metric ton of nitrogen fixed ; 
or, as 0'5 kw.-yr. is required per ton of carbide, 
and 4 tons of carbide are required to fix 1 ton of 
nitrogen as cyanamide, the power required for 
conversion of carbide to- cyanamide alone is 
0-3 kw.-yr. per metric ton of nitrogen fixed 
(Nitrogen Products Committee, Final Report, 
H.M. Stationery Office, 1919, p. 256). 

Calcium cyanamide was first made in 1905 on 
a technical scale at Piano d’Orte, in Italy (Z. 
Elektrochem. 1906, 12, 551). 

The process was then worked for a time in 
Norway. Cyanamide has been made at Niagara 
since 1909 (Landis, lx.). Late in 1917 the 
American Cyanamid Co. formed a subsidiary 
company, the Air Nitrates Corporation, to erect 
the U.S. Nitrate Plant No. 2 at Muscle Shoals, 
Alabama, for a capacity of 110,000 tons of 
ammonium nitrate per armum, at a cost of 
£12,000,000 (Fairlie, Met. Chem. Eng. 1919, 20, 
8 ; Jones, ibid. 1920, 22, 417). For various 
reasons, this factory never operated, but as it 
represents a large-scale plant of its kind a 
description of it is given below. 

There are 16 rows of cyanamide furnaces, 96 
in each row, or 1,536 in all. The cyanamide fur- 
naces (Fig. 1) are 4 ft. 4 in. in outside diameter 
and 2 ft. 10 in. in inside diameter, and 5 ft. 4 in. 
deep. They are steel shells with 9-in. firebrick 
lining. To charge a furnace a cylindrical paste- 
board or paper tube container 2 ft. 6 in. in 
diameter -nith a vertical paper tube 3 in. in 
diameter in the centre is inserted into the cold 
furnace and a charge of 1,600 lb. of milled car- 
bide put in. There is an aimular space of 2 in. 
between the paper and furnace wall. The 
carbon electrode is a -f-in. pencil, 6 ft. 6 in. long. 


inserted in the paper tube. The covers are put 
on and the outer cover luted -with sand. 

The nitrogen is brought in by an 8-in. pipe 
between each pair of furnaces and two 1^-in. 
pipes carry off to the furnace, one to the bottom 
at the centre and the other at the side 6 in. above 
the bottom, each provided -with a valve. The 
nitrogen reaches the furnace imder 3-4 in. of 
water pressure. 

Single-phase current of 100 v. and 200-250 
amp. is turned on through the carbon rod for 
20 minutes, and is then cut down to 50 v. and 
100-115 amp. for 12 hours. The reaction gives 
out heat and is allowed to continue without 
current for 28 hours altogether. The tempera- 
ture in the furnace is about l,100°c. ; the 
material does not melt, but sinters into a solid 
cake. The approximate composition of the 
product is'CaCNg 63, CaC^ 2, CaO 13, and 
C 11%. It is pulverised so that 95% passes 200 
mesh, all in an atmosphere of nitrogen. The 
mill ed material is fed at a controlled rate to the 
hydrating troughs, of which there are three, 
36 ft. long and 3 ft. in diameter, each containing 



a horizontal shaft -with projecting arms 20 in. 
long. Water is sprayed in at the feed end at a 
calculated rate to decompose the imchanged 
carbide. The material at the exit must be per- 
fectly dry. The agitator rotates at 50 r.p.m. 
and conveys the material at the rate of 60 ft. 
per minute. The cyanamide is conveyed 
through an overhead timnel to the ammonia 
autoclave building 300 ft. away. 

The autoclaves (American Cyanamid Co., 
U.S.P. 1889956, 1932; Pascal, Traite de 
Chimie min5rale, 1932, 3, 690 ; Landis, Chem. 
Met. Eng. 1916, 14, 87) are of steel and 
cylindrical, 8 ft. in diameter and 20 ft. high, 
each provided -with a vertical agitator revolving 
12 times per minute. A 2% solution of sodium 
hydroxide is run in to a depth of 9 ft. and 300 lb. 
of soda ash added, which reacts with the 13% 
of free lime in the cyanamide to form sodium 
hydroxide solution of about 3% strength (the 
addition of soda causes some loss of nitrogen as 
dicyanodiamide, etc. ; Pascal, Mem. Poudres, 
1924, 21, 1). The charge of 8,000 lb. of cyan- 
amide is added from weigh bins. The acetylene 
firom the 2% of stiU undecomposed carbide 
is allowed to escape through one valve through 
an exhaust fan. The outlet pipe is then 
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tightly closed and steam from special boilers 
admitted at 160 lb. for 20 minutes. Ammonia 
forms, the reaction being exothermic. When 
the pressure reaches 250 lb. the ammonia valve 
is opened cautiously, but the pressure is main* 
tained for 3 hours. The pressure then falls and 
the ammonia is allowed to escape. The valve 
is shut again and steam admitted a second time 
for 20 minutes. The reaction proceeds at 200 
lb. pressure for 11 hours. The escaping gas 
contains 25% of ammonia and 75% of steam. 
It passes tlueugh a header and seven mud dnims 
followed by seven ammonia column stills, each 
10 ft. in diameter and 25 ft. high, containing IG 
horizontal plates. The gas enters at the bottom 
and bubbles through caps over 4-in. holes in the 
plates, passing to 14 condensers arranged in 
seven sets of two in series, containing vertical 
tubes through which water circulates, where 
steam is condensed. Tlic ammonia gas passes 
through a 28-in. pipe, tapped by two 20-in. 
mains, one convc 3 nng 55% of the ammonia to 
two 600,000 cu. ft. gasholders for the ammonia 
oxidation plant, and the other 45% to the 
neutrahsation plant for ammonium nitrate. 
The capacity of the plant is 1,000 tons of am- 
monia gas per week. 

The autoclave sludge is blown out through 
an 8-in. outlet at the bottom by means of 
steam or air and falls by gravity to 20 rotary 
filters, five spare, operating under 20-in. mcrcurj’ 
suction, where the 2% sodium hydroxide solu- 
tion is drawn off and returned to the autoclaves. 
Attempts have been made to use the corrosive 
sludge, e.g., in making cement (Baumann, Chem.- 
Ztg. 1920, 44, 562). 

The cyanamide furnaces now used bj' North 
American Cj'anamid, Ltd. at Niagara Falls arc 
much larger than those at JIusclo Shoals, each 
taking 8,000 lb. of carbide and, with the use of 
larger carbide furnaces, the cnerg}* has been 
reduced from 22,000 kw.-hr. per metric ton of 
fixed nitrogen to 9,000 kw.-hr., including all 
accessory operations. The cyanamido may con- 
tain 23-6% of nitrogen. The capacity of the 
plant at Niagara Falls is 68,000 metric tons of 
fixed nitrogen per year (Lee, Chem. j\Ict. Eng. 
1931, 38, 564 ; M. de K. Thompson, “ Theo- 
retical and Applied ElcctrochemistTV'',” Now 
York, 1939, p. 479). 

A different type of process is used in some of 
the German cyanamido works, but it is of little 
importance in comparison with the internal 
heating method. 

It was found that calcium chloride lowered the 
teinperaturo at which nitrogen is absorbed b 5 ' 
carbide to 700-800°, so that the reaction could 
be earned out in retorts oxtomally heated by 
tuei. This process (G.P. 163320, 1901) was 
^opted by the A.G. fiir StickstoffdUngor at 
Westeregeln and at Knapsack, near Cologne, 
xae latter works had a capacity of 1 1,000 tons of 
cyanamide per month. There are 10 carbide 
imaces of the open rectangular type, charged 

lime au2 ^00 P^^s 

thTnt anthracite. The main portion of 

mfrpTtS to nut-size and is then 

tnilla calcium chloride in tube 

muis, contaimng steel rods. 

e mixture is fed to the cyanamido cans. 


which arc rectangular, 18 in. bj' 12 in. bj’ 9 in., 
of thin sheet iron wnth a perforated bottom 
wliich can bo removed in eniptjdng. The 
bottom and sides are lined with paper before 
filling, and a piece of cardboard is laid on top 
of the charge. Fifteen cans arc loaded on a car, 
which runs on a track the whole length of the 
furnaces. 

There are 16 furnaces, about 120 ft. long and 
6 ft. in diameter, of 2-in. iron plates, set in 
firebrick and heated by lignite gas. Nitrogen, 
from a Linde apparatus of 1,800 cu. m. per hour 
capacity, is fed in at the cooler end of the 
frniaces, and the carbide trucks run in at the 
opposite end. Ever}- 8 hours three cars arc 
pushed into the funiaco b^* an electric ram. At 
the end of 24 hours, three cars, or 45 cans, of 
cianamido have reached the nitrogen end of the 
furnace, are pushed out, and allowed to cool. 
The product is then ground in the same manner 
ns the carbide. It contains 16-22% of nitrogen 
and 0-7.5% of calcium carbide (Alhnand and 
Williains, J.S.C.I. 1919, 38. 30 In). A similar 
proco.ss is in use in the Rumanian factor^' at 
Soras (Matignon, Chirn. et Ind. 1922, 7, 26; 
.LS.C.I. 1922, 41. 178n). 

A continuous method was dc.scribcd bv 
Tofani (G.P. 246077, 1910). I'lie method of 
Carlson (Chem.-Zlg. 1917,41, 662) is used bv the 
Ljunga York, Stockholms Supcrfosfnt Fabriks 
Aktiebolag, .Stockholm, which produced 20,000 
tons of cj-anamido annuallv (B.P. 123790, 1918 ; 
A. B. Nitrogenium, G.P.‘ 325162 and 330166, 
1916). In tin's, shaft -furnac'es with shelves arc 
used, and the mixture of carbide, with an 
indifferent substance such as lime, and 3-6% of 
calcium chloride or fluoride, drops across heat- 
ing electrodes and is moved from shelf to shelf 
do\ni the furnace. There are 8-10 shelves jx-r 
furnace, with atitomatio rakes for moving the 
carbide. The absorption of nitrogen is 80%. 
In the Tofani furnace the powder was dropped 
directh' down the furnace, and tho contact with 
tho gas was much less conjpleto. The product 
obtained in the Carlson furnace is in tlic form 
of coko-liko lumps a few inches in diameter, 
instead of a liard solid cake. It is taken out b^’ 
opening a hole at the bottom, const nicted ns a 
double lock. Tho heating is effected ly an 
electric arc in each furnace, the consumption of 
electrodes being 3-5 kg. per metric ton of 
cj'anamido. The outi)ut of each funiaco is 
20-25 tons of cj-anamidc per 24 hours. About 
16 kw.-hr., measured at the furnace, arc used 
per kg. of nitrogen fixed in tho form of cyan- 
amide, ns compared with 20 kw.-hr. in dis- 
continuous processes, and tho product contains 
about 20% of combined nitrogen. Tho advan- 
tages claimed for tho process aro ; reduction in 
carbide consumption to 720-730 kg. of carbide 
of 300 1. per ton cj'nnamido; a saving of 10% 
on erection costs; a product richer in combined 
nitrogen ; and lower working costs consequent 
on tho use of a continuous process. Tho process, 
however, is used onlj' in a limited number of 
w-orks. 

Tho Gorman cyanamido factories (with 
capacities in metric tons of nitrogen per j'car) 
wore at Trostborg (50,000), Piesloritz (40,000), 
and Waldshut (14,000), using tho Frank-Caro 
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process, and Enapsack (20,000), nsing tie Pol- 
zenius process (Ciem. Trade J. 1933, 93, 290). 
The process has been improved, the furnaces 
being enlarged, and purer rav materials used, 
so that the nitrogen content of the product has 
been raised to 20-6%, and the pouer consump- 
tion reduced from 1^20 kw.-hir. to 10 k'iv.-hr. 
per kg. of nitrogen {ibid. 1931, 88, 102 ; J.S.C-T. 
1929, 48, 74b; Enke, Tonind.-Ztg. 1932, 56, 
1137). The production increased from 44.000 
tons of nitrogen in 1924 to 95,000 tons of 
nitrogen in 1929, and new works have since 
been put into operation (Ghem. Trade J. 1931, 
88, 102; cf. GaU, Chim. et Ind. 1921, 6, 430; 
Kahn, Metallborse, 1928, 18, 1295, 1406, 1463; 
Kjrauss, Pohland, and Wagner, in Ullmann, 
“ Enzj-klopadie der technischen Chemie,” 2nd 
ed., Yol. \'lii, p. 1 ; Franck, ifakkus, and 
Janke, “Per Kalfatickstoff,” in Sam ml. chem. u. 
chem.-techn. Yortrage, JF., 1931, 6). 

There are large cjranamide factories in France 
(Bellegarde ; Laimemezan), Russia, Yugo- 
slavia, and Japan. The process is one of the 
major nitrogen fixation methods : in 1938 (the 
last year for which complete statistics are 
available) the production of ammonium salts 
by the two main synthetic processes, expressed 
in thousands of metric tons of nitrogen, was: 
svnthetio ammonia 533, cvanamide 321 (see 
p‘. 582d). 

Uses of Cyanamide — Besides its use as a 
source of ammonia, crude cyanamide (the 
CaCNo-fC mixture) finds other uses. *4Jter 
suitable treatment by hydration, oiling, granu- 
lation, etc., to render it less corrosive and dusty 
(see B. Waeser and E. Fyleman, “ The Nitrogen 
Industry,” Churchill, 1*926, YoL n, pp. 373, 
412; American Cyanamid Co., FT*. 738685, 
1932 ; for poisoning by cyanamide, see Linne- 
beig, Amer. Chem. Abstr. 1933, 5419) it is 
used directly as a fertiliser. It deteriorates 
on storage (Jacob, Erase, and Braham, Ind. 
Eng. Chem. 1924, 16, 684) and is best kept in a 
dry place in sacks covered with dry sand 
(Zelesid, Przemysl Chem. 1931, 15, 271). In the 
preliminaiy treatment, the free lime is hydrated 
with water and the dry hydrated material 
treated with mineral oil or tar oil; in this 
treatment there is an increase in weight of about 
10% of the cyanamide, but the nitrogen content 
is r^uced, usually to about 16% (E. G. Worden, 
“ Technology of Cellulose Esters,” Spon, 1921, 
YoL I, ii, p. 929). In the Gros process the 
hydration is carried out in two stages (7% and 
10%) with the cyanamide in a thin layer on an 
endless conveyor, the moist mass being then 
passed between two cylinders, one perforated 
with -l^-in. holes through which it is pressed out 
in smalt rods about % in. long. There is a loss 
of about 3% of fixed nitrogen as ammonia. 
The raw untreated material is sometimes 
called “ nitrolim ” and the treated product 
“ cyanamide.” 

In British conditions the fertilising value of 
cyanamide nitrogen is about 94% that of 
ammonia nitrogen, but the funcrion of the lime 
formed on hydrolysis in fixing nitric acid formed 
by nitrification of the ammonia is an important 
factor. In Egypt, cyanamide does not undergo 
sufficiently rapid nitiification to satisfy the 


needs of quickly growing crops, for which cal- 
cium or ammonium nitrate is preferable 
(Russell, J.S.G.I. 1917, 36, 256; Hendrick, 
ibid. 1918, 37, 146b ; E. J. Pranke, “ (fyanamid,” 
Easton, Pa.. 1913). The mode of decomposition 
of cyanamide in the soil is not simple (see Cowie, 
J. Agric. Sci. 1919, 9, 113; Maze, Yila, and 
Lemoigne, Compt. rend. 1919, 169, 804, 921; 
Sir A. D. HaU, “ Fertilisers and Manures,” 
Murray, 1929 ; Lefort des Ylouses, Chim. et 
Ind. 1927, IS, 216). On exposure to moist air. 
small quantities of ammonia are liberated : 

CaCN,-!-3Ho0=CaC03-!-2NH3 
but free cyanamide is also formed : 

CaCN24-C0„-fH20=CaC0s-4CN-NH„. 

The latter may then combine with water to 
form urea: CN-NH„-f H„0=CO(NH„)2. Urea 
is converted by fermentation into ammonium 
carbonate : 

CO(NH,)„-l-2H„0=(NH.)„COs. 

The latter is readily oxidised to nitrates in the 
soil. Other substances may be formed, such as 
I basic calcium cvanamide, and dievanodiamide 
(CN-NH,). ; the latter compound has been said 
to be prejudicial to crop growth (sec Pranke, l.c.), 
but this has not been confirmed. 

Besides its use as a fertiliser, cyanamide is also 
a source of various chemicals. It is converted 
to cyanide by fusion with a flux : 

CaCNj-fC=Ca(CN)» 

( v . Ctabides, Yol. m, 4885), and from cyanide, 
hydrocyanic acid for fumigation is prepared. 

Dievanodiamide (CN-N H,)„ (Anon., Z. angew. 
Chem. 1903, 16, 520; c. Yol in, 602d), forW 
by the action of cold water on calcium cyan- 
amide: 

2CaCN„-i-4H20=2Ca(0H)„-f (CN-NH,).. 

is used in the manufacture of dyes, and in 
reducing the temperature of explosion when 
mixed with explosives such as cordite, which 
alone rapidly destroy the rifling of guns. 

When calcium cyanamide is treated with 
acids or alkalis, cyanoguanidine, 

/NH„ 

HN:C< 

\nh-cn 

and dicyanodiamidine, 

/NH, 

NH:C< 

^NH-CO-NH, 

are formed, from which urea and guanidine may 
be obtained (Morrell and Buigen, J.G.S. 1914, 
105, 576 ; Grube and Kjuger, Z. ‘ physikal. 
Chem. 1913, 86, 65 ; Gmbe and Mot^ ibid. 
1925, 118, 145). Guanidine is prepared by 
heating with acids in an autoclave. Guanidine 
nitrate and nitrognanidine are used as deter- 
rents in explosives. Urea may be obtained 
directly from calcium cyanamide by treating 
with 10-20% sulphuric acid at 20-25^, and is 
proposed as an effective fertiliser : 

CN-N Hj-f H.O=CO (N H„),. 



657 


nitkogen, atmospheric, utilisation of. 


Veronal and creatin are also produced from 
cyanamide, and lead and copper oyanamidcs 
are said to be of technical importance (Carlson, 
Z angew. Chem. 1914, 27, iii, 724 ; E. J. Pranko, 
“ Cyanamid,” Easton, Pa., 1913). “ Ferrodur " 
is a material containing calcium cyanamido used 
in case hardening. 

Many methods for the analysis of cyanamido 
have been proposed (Perotti, Gazzetta, 1905, 35, 
ii, 228 ; Caro, Z. angew. Chom. 1910, 23, 2405 ; 
Brioux, Ann. Chim. Analyt. 1910, 15, 341 ; 
Stutzer and Soil, Z. angew. Chom. 1910, 23, 
1873; Happen, Chem.-Ztg. 1911, 35, 950; 
Monnier, ibid., p. COl ; Stutzer, ibid., p. G94 ; 
Kirchoff, ibid. 1912, 36, 1058; Grubo and 
Kruger, Z. angeu% Chem. 1914, 27, 32G ; Jloroll 
and Burgen, J.C.S. 1914, 195, 67G ; Weston and 
Ellis, Seventh Intemat. Congress Appl. Chem. 
London, 1909, Rep. Sect. 1, p. G9; Knmc3'nmn, 
J. CoU. Eng. Tokyo, 1920, 10, 173). The best 
method is to determine the nitrogen content by 
the Kjeldahl method (E. Berl and G. Lunge, 
“ Chem.-tech. Untcrsuchungsraethodcn,” Berlin, 
1932, Vol. n, i, p. 672 ; see also Ergunzungswcrlc, 
ed. by J. H’Ans, Vols. II and HI, 1939-40). 
Some analyses of different specimens of C3’nn- 
amide (P. Pascal, “ Traitd do Cbimio min6ralc,” 
Masson, 1932, Vol. HI, p. GS3) arc : 


CaCN 2 . 

N. 

CaQ. 

C 13 P 2 . 

59-90 

21-00 

0-3 

0-25 

61-48 

18-00 

0-105 

0-024 

46-90 

16-40 

FcjOj 

0-160 

0-023 

C. 

-t-AljOj. 

CaO. 

SIO 2 . 

12-0 

6-1 

10-0 

2-3 

11-82 

6-72 

26-21 

4-39 

11-96 

8-12 

27-82 

4-30 


The Arc Process. 

Cavendish in 1784 (Phil. Trans. 1784, 74i 
119; 1783, 78, 261 ; J. R. Partington, “The 
Composition of Water,” Boll, 1928, p. 17) 
observed the formation of nitric acid wlicn 
oxygen containing nitrogen is exploded with 
hydrogen (in the explosion of air with h3'drogcn, 
no nitric acid is formed, as the flaTue tempera- 
ture is too low), and of potassium nitrate wlicn 
condensed sparks are passed through a mixture 
of air and oxygen confined over potash solution. 
W Rayleigh (J.C.S. 1897, 71, 181) used a glass 
globe of 60 1. capacity, containing a mixture of 
9 vol. of air and 11 vol. of oxygen, in which an 
electric arc was burning. The resulting oxides 
of nitrogen were absorbed by allowing a fountain 
of sodium hydroxide solution to pla3'’ over the 
mside of the globe. This also served to keep the 
vessel cool. An absorption of 21 1. of gas per 
hour was obtained with 0-8 kw., which gives 
a production of 46 g. of nitric acid per Icw.-hr. 
In the most effieient modem arc furnaces the 
IS 62 g. H N O3 per kw.-hr. 

&ookes in 1892 (Chem. Nows, 1892, 65, 301) 
uad shown that atmospheric nitrogen and 
osygen bum with a trao flame when a high- 
tension electric discharge passes through air, 
reactior-^'^° formed by an endothermic 

N2+O2=2NO-2 x 20-86 kg.-cal. 

Manchester PWl. 
^oc- 1900, [iv], 44, No. 13) in Manchester, and 


Bradley and Lovojoy at -Niagara (U.S.P . 
709868, 1902; M. do K. Thompson, “Theo- 
retical and Applied Electrochemistry,” New 
York, 1925, p. 498), unsuccessfully attempted to 
utilise the arc process technicall3', since, al- 
though the 3uelds wore favourable, the apparatus 
was very complicated and subject to breakdown. 

The lirst successful industrial application of 
the arc process was made 63' K. Birkcland and 
S. E3-do (Trans. Faraday Soc. 1900, 2, 98; 
U.S.P. S37277, 1906) in 1905 at Notoddon, in 
Norwa3’', whore conditions for obtaining cheap 
electric cnorg3' from water power are very' 
favourable. The power at Notodden is derived 
from the Svaclgfoss, about 14 miles up the 
valley', and the water passing over the Rjuknn- 
foss generates in its passage to the Hitterdal 
lake 40,000 h.p. at the Svaclgfos.s, 15,000 h.p. at 
the Lienfoss, and 20,000 h.p. at the Tiufoss, 
making a total of 75,000 h.p. available at 
Notodden. A now works was later established 
at Rjukan, at a cost of £3,000,000, with 300,000 
h.p. available. The power for this is derived 
from the Rjukan fall, the water of which is col- 
lected in the Moesvand Jxike, m'th a capacity of 
768,000,000 cu. m. This reservoir is closed by a 
large dam and feeds the river Dianna, the water 
of which is conducted through a tunnel, 4 km. 
long and 26 sq. ni. in section, to a collecting 
house, from which it pns.se.s through ten steel 
conduits or flumes, 2 m. in diameter, carry- 
ing 60 cu. m. of water per second to the Rjukan- 
foss power house, which is 1 10 m. long and 20 m. 
wide, and houses ten turbines, each of 14,500 
h.p., directly coupled to the g(.'nerators. The 
current is transmitted through sixty cahle.s, 
some of copper and .some of aluminium, to the 
Rjukan I works at Vermork and the Rjukan II 
works at Saaheim, both approximately the same 
size (J. R. Partington and L. II. Parker, " The 
Nitrogen Industry,” Ck)nstablc, 1922, p. 245). 

Another factory, formerly owned by the 
Norwegian company, is situated at Picirefitte, 
on the French side of the Pyrenees, where water 
power from two lakes is used. This works used 
8,000 kw,, producing 4,000 tons of nitric acid 
per annum. The water is obtained from the 
lake at Cautcrcts, at an altitude of 280 m., and 
that at Luz St. Sauveur, at an altitude of 140 in. 
It is conducted through six flumes, running 
down the Pic de Souloin, three to each lake, and 
3 ft, and 4 ft. in diameter, re.spoctively. The 
high-pressure water passes to Pelton wheels 
and the low-pressure to turbines, in each case 
directly coupled to alternators. These also 
supply power for the electrified portion of the 
Jlidi Railway from Lourdes to Cautcrcts. 
The current is transformed to 10,000 v. for 
transmission to the works (Partington and 
Parker, op. cit.). This works now makes 
synthetic ammonia by the Casale jirocess. 

The are process at Rjukan has since 1928 been 
replaced by a symthotio ammonia and ammonia 
oxidation plant with a capacity of 140,000 tons 
of combined nitrogen per annum, with the same 
power expenditure as for 35,000 tons by the arc 
process. The hydrogen is made cloctrolytically 
at Vermork and sent by pipe-line to Rjukan. 
The nitrogen is obtained by burning hydrogen 
in air. The I.G. Farbonindustrio A.-G. had 
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an interest in the process (J.S.C.I. 1931, 50, 
320 ; Chem. Trade J. 1933, 93, 266 ; Coutourier, 
Chim. et Ind. 1933, 29, 463). The arc process 
with 25 furnaces of 4,000 kw. was still operating 
at Notodden in 1939 (M. de K. Thompson, 
“Theoretical and Applied Eleotro-chemistiy,” 
New York, 1939, p. 475). 

The arc process used a large amount of 
energy, 8-35-8'4 kw.-yr. per ton of nitrogen 
fixed. 

Por the equilibrium constant of the reaction 
N2+02^=^2N0 Nemst (Gott. Nachr. 1904, 
261 ; Z. anorg. Chem, 1906, 45, 126 ; 1906, 49, 
213; Pinckh, ibid. 1905, 45, 116; Jellinek, 
ibid. 1906, 49, 229) gives an expression which 
may be simplified to 

log V'K^0-5i4:l-4725-5IT 
where T is the absolute temperature and 

-^=^No/^N2^ ^02' 

In the case of air, when x% of nitric oxide by 
volume has been formed in equilibrium, 
K—x^/(79-2—^a;)(20-8—^3;), and, therefore, since 
X is small, a:=40-8'\/ A/(1+0-62'\/A). From 
these equations the values of a;=percentage of 
nitric oxide in Table I have been calculated. 
They agree fairly well with the observed values, 
which were obtained by exploding a mixture of 
electrolytic gas and air, and by drawing air 
through platinum and iridium tubes heated 
electrically. 


Table I. — EQciLiBRinM Yields of N O in Am. 


Temperature, 

°K. 

% NO by 
volume (obs.). 

% NO by 
volume (calc.). 

1,811 

0-37 

0-35 

1,877 

0-42 

0-43 

2,033 

0-64 

0-67 

2,195 

0-97 

0-98 

2,580 

2-05 

2-02 

2,676 

2-23 

2-35 

3,200 

5-0 about 

4-39 


The same values of K apply, of course, to 
any initial mixture of nitrogen and* oxygen as 
well as air, but the relation between x and K is 
different for each mixture. For the important 
case of equal volumes of oxygen and nitrogen 
K=x'^l(^—^x)(50—iz), or, since x is small, 
a;=50Vif/(l+0'6V K). The increased ^eld with 
the mixture Ngd-Oj as compared with air is, 
therefore, approximately 18%. Oxygen has a 
thermal conductivity 7% greater than that of 
nitrogen. Haber and Koenig (Z, Elektroohem. 
1907, 13, 725) obtained 14-5% of nitric oxide 
from Ngd- Og. By using a short arc in a water- 
cooled tube these experimenters {ibid. 1908, 14, 
689) obtained 17-8% of nitric oxide. The same 
final concentration was obtained with Ng+Og 
and NO as initial gas, indicating equihbrium. 
Increase of pressure does not increase the yield. 
Similar experiments were made by Holwech 
{ibid. 1910, 16, 369), Haber and Holwech {ibid. 
p. 810), Holwech and Koenig {ibid., p. 803 — 
cooled arcs), Haber, Koenig, and Platou {ibid., 
pp. 789, 796). The yields for a given expenditure 
of energy are much larger than those of Nemst ; 
in the most favourable cases they amount to 


80 g. of nitric acid per kw.-hr. The percentage 
of nitric oxide in the resulting gases also corre- 
sponds, on the thermodynamic theory, with 
impossibly high temperatmes (the temperature 
3,200° corresponds with only about 5% of nitric 
oxide, as is seen Rom Table I). Haber considered 
that a cool arc is more favourable to nitric oxide 
formation than exposure to very high tempera- 
tures followed by rapid cooling, and that elec- 
tronic impacts play a part under certain con- 
ditions. 

Experimental investigations of the formation 
of nitric oxide in arc discharges indicate that an 
electrical effect, probably connected with the 
electron emissive power of the material of the 
electrodes, plays a part, as well as the main 
thermal effect, and that the equilibrium per- 
centages X of nitrie oxide are greater than those 
found by Nemst, Jellinek, and Pink (NJP) ; the 
following results include also those of Briner, 
Boner, and Rothen (BBR) (Schwab and Loeb, 
Z. physikal. Chem. 1925, 114, 23 ; McCollum 
and Daniels, Ind. Eng. Chem. 1923, 15, 1173 ; 
Briner, Boner, and Rothen, J. Chim. phys. 1926, 
23, 788; Helv. Chim. Acta, 1926, 9, 634; 
Karrer, Trans. Amer. Electrochem. Soc. 1926, 
48, 223 ; H. Pauling, “ Elektrische Luftver- 
brennung,” HaUe, 1929; calculated values in 
Giauque and Clayton, J. Amer. Chem. Soc. 1933, 
55, 4875) : 


T°K. . . 

. 1,181 

1,877 

2,033 

2,195 

2,580 

aiKJP. . 

. 0-37 

0-42 

0-64 

0-97 

2-05 


. 0-65 

0-79 

1-25 

1-86 

3-89 

X Nemst’s 
theorem 

. 0-63 

0-78 

1-20 

1-82 

3-81 


The results are expressed by 

log Cj^Q=^—4:,72&IT+i log (Gif 2 ‘C'o 2 )+ 0 ‘Sl 

(Shillmg, Trans. Faraday Soc. 1926, 22, 377). 
Reduced pressure (Colin and Tartar, J. Physical 
Chem. 1927, 31, 1539) and presence of moisture 
(Tartar and Perkins, ibid. 1926, 30, 595) lower 
the yield of nitric oxide. At 100 cm. pressure, 
Briner (Bull. Soc. chim. Belg. 1928, 37, 169) 
obtained an optimum concentration of 12-14-5% 
of nitric oxide. Better yields are obtained by 
increasing the oxygen concentration (Colin and 
Tartar, l.c.) ; coating the electrodes with 
barium and other oxides increases the efficiency 
parallel with the thermionic emissivity (Briner 
and Rivier, Helv. Chim. Acta, 1929, 12, 881 ; 
Briner and Wakker, P.P. 745840, 1932). 

The velocities of formation and decomposition 
of nitric oxide have been determined. Below 
3,000° the reaction is bimolecidar : 

N2-)-02^2N0 

above 3,000° it is said to be unimolecular (Le 
Blanc and Nuranen, Z. Elektrochem. 1907, IS, 
297). In the bimolecular case, the velocity 
equation is : 

da:/di=hi(Go— i»)(GN— Ja:)— hja:® 

where and Oq are the initial concentrations 
of nitrogen and oxygen in percentages hy 
volume, and x the percentage of nitric oxide 
present at a given instant. The velocity con- 
stants hj and hj, representing the rate of 
formation and decomposition of nitric oxide. 
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respectively, for unit concentrations, have been 
determined experimentally by JeUinek (Z. 
Elebtrocbem. 1907, 18, 297; Z. anorg. Chem. 
1906, 49, 229), -whose results are given in 
Table II. The time for half decomposition of 
pure nitric oxide into nitrogen and oxygen is 
very approximately > the time for half 

the possible nitrification of air, i.e., half the theo- 
retically possible producti on o f nitric o.xide, is 
approximately «i=l-36/v'I^. The velocity 
constants depend very much on the tempera- 
ture; Steinmetz (Chem. Met. Eng. 1920, 22, 
299) calculates from Jelhnek’s results 

log l2=ll-113+6-731x lO-^T, 

when t is in seconds. From this, and the rela- 
tion ki=k 2 K, the values given in Tables 11 and 
TTT have, been calculated. The values of K 
have been obtained from the formula : 

log /:= 1-048 -9,3S0/T 

given by Steinmetz, which is in good agreement 
with the formula of Nemst proviouslj- quoted. 


Table H. — Velocities of Decomfositiok 
OF Nitiuo Oxide. 

Time in minutes for 50% decomposition of pure nitric 
oxide at atm. press, into nitrogen and oxygen. 


Tempera- 
ture, °K. 

Time la min., 
obs. 

COIj min., 
calc. '= 1 / 1 - 2 . 

J :2 for second 
ns unit of 
time. 

900 

7-35 X 105 

8-9x105 

1-S7X10-* 

1,100 

6-80x102 

0-4x102 

2-01 X 10-5 

1,300 

4-43x10 

4-5 X 10 

3-CCxlO-' 

1,600 

3-30 

2-35 

5-12x10-5 

1,700 

2-47X10“! 

2-33 X10-! 

7-17x10-2 

1,900 

1-74X10-2 

1-56x10-2 

1-002 

2,100 

1-21X10-2 

1-18X10-5 

1-41x10 

2,800 

8-40x10-2 

8-45x10-5 

1-97x102 

2,600 

6-70xl0-< 

C-O0X1O-* 

2-76x105 

2,700 

3-92X10-2 

4-43x10-2 

3-85 X10< 

2,900 

3-35X10-2 

3-0SX10-5 

5-40x103 

3,100 

2-25X10-5 

2-20X10-5 

7-57X105 

3,600 


1-13X10-5! 

1-48X105 

4,100 


4-10Xl0-!3 

4-07 X 10!2 


Table III. — ^^'elocity of Formatiox of 
Nitkio Oxide from Am. 


Time in minutes for production of lialftlic tlicoroticaliy 
possible amount of nitric oxide. 


Tempera- 
ture, °K. 

Time In min., 
obs. 

OOii 

>=1-30/V'a-j/.- 2 
min., calc. 

1-2 for second 
ns unit of 
time. 

900 

1,600 

1.700 

1.900 
2,100 
2,300 
2,600 

2.700 

2.900 

3.100 
8,500 

4.100 

1- 81X105 
6-90x10 

2- 03 

8-43X10-2 

3- 76x10-5 
1-77 X 10-* 
8-75X10-6 
6-75 X 10-7 
3-10X10-8 

1-77x105 

6-45x10 

1-09 

8- 22x10-2 
3-70X10-5 

1- 85X10-4 

9- 00x10-6 
5-20x10-7 

2- 87X10-8 

10-10 
2-3 X10-!4 

7-89xl0-!6 

3-10x10-8 

2- 43X10-6 
1-29X10-4 
6-30x10-7 
1-84 X10-! 

6- 44 

1- 44X102 

3- 62x105 

7- 90x104 
3-40X107 

2- 34X10!! 



rof foUows that the b 

results should be obtained when the air is hca- 
to a temperature not less than 3,000°, and tl 
cooled with aU possible speed below tho tompe 

pSio^nf velocity of decc 

position of the mtric oxide formed at tho hig 


temperaturo has become inappreciable. Tliis 
conclusion is confirmed by experiment. Since 
tho rapidity of cooling attainable practical!}' 
limits tho amoimt of nitric oxido remaining, 
there -will bo no point in going above a certain 
temperaturo in tho arc. 

In tho commercial operation of tho arc pro- 
cess, a concentration of 2% of nitric oxide by 
volume is attained as a maximum from air, and 
usually only a little over 1%. Tho temperature 
corresponding to 2% is about 2,500°. It is thus 
possible to calculate the minimum cxjicnditure 
of energy ncccssai}'. This is tho electrical 
equivalent of tho heat absorbed in the reaction 
N»-f 02=2N0, plus that required to raise tho 
temperature of tho gases to 2,500°. Since tho 
mean specific heats of tho three gases at con- 
stant pressure are approximately equal, and 
given by G-S-fO OOOGf g.-cal. per g.-inol., we 
have, ns tho absorption of energy for heating 
14 g. of nitrogen and IG g. of ox}'gcn to 2,500° ; 

4{G-S-{-2,500x 0-OOOG)=20,GOO g.-cal. 

If wo add to this tho energy 21,G00 g.-cal. {cf. 
p. 5l0d) for tho production of 30 g. of nitric 
oxido (100% conversion), wo find a.s the tnim~ 
mum energy required 20,GOO-J-21,fiOOi-.42,200 
g.-cal., or about 0 05 k\v,-hr. But in practice it 
is found necessar}' to expend 1 kw.-hr. (2% con- 
version) in tho formation of 30 g., or 1 g.-mol., 
of nitric oxido, hence tho energy etlicicncy of the 
arc process is 0 05x 100=5%. A certain amount 
of this energy is rccovcmblo in the Ic.'-s available 
form of heat from tho hot gases, by pn-'-sing the 
latter through boiler tubes. The maximum 
amount so rccovemblo is about 5% of tlio initial 
energy after all requirements for evaporation 
and cooling have been met, the latter utilising 
about S%. Tho arc proct'ss ns operated is 
clearly very wasteful of energy, only about 
10% being usefully applied. It can, therefore, 
be used economically only when a very cheap 
source of energy is available. Thi.s i« provided 
by largo water-power sources, or, in Germany, 
by tho utilisation of brown con! (or lignite) from 
which electrical energy is produced at a cost of 
about O-ld. (2-8 jifg.) per kw.-hr. In Great 
Britain such cheap power could bo obtained 
only by some such source ns the proposed 
iSevcrn Barrage (Nature, 1933, 131, 419). 

The Birkcland and Eyde Process. — 
In this type of furnaco the arc is maintained by 
an alternating current and is .siirend by a .strong 
magnetic field at right angles to the axis of the, 
electrodes. Tho current filament tends to move 
at right angles to its length in tho magnetic field, 
and is blown into a semicircle at each half 
period of tho current. The filament breaks 
when tho rcsistanco along it is greater than that 
of a now arc in tho cooler air between tho points 
of tho electrodes (Trans. Faraday Soc. 190G, 2, 
98; J. Roy. Soc. Arts, 1909, 67, 508). The 
somicirclos succeed each other with great rapidity 
on each aide of the electrode axis, and tho im- 
pression on tho oyo is that of a steady circular 
aheot of flamo (Andriessons, Z. Eloktrochom. 
1919, 25, 255). 

Tho electric flamo is produced in a flat box 
of refractory material (Fig. 2), tho walls of whicli 
do not in actual working become heated boyond 



660 


NITROGEN, ATMOSPHERIC, UTILISATION OP. 


l,000°c. Tke electrodes are U-shaped copper 
tubes, 1 in. wide, separated at the en^ by a in. 
gap for the arc. The position of the electrodes 
is regulated by screws outside the furnace. One 
electrode is earthed. The applied voltage is 
6,500. In a recent type the air is aspirated into 
the furnace through grids of iron netting opposite 
the inlet ports ; m the older types the air was 
forced through by Root’s blowers. The air is 
divided by channels in the fireclay lining, so as 
to be directed uniformly on both sides of the arc 
flame. Dining the brief contact of the air wdth 
the intensely hot flame some combination of 
oxygen and nitrogen takes place. The gases are 
then swept out of the furnace and cooled with 
great rapidity to about 1,000°, below which 
temperature nitric oxide is stable. 



The electrodes are cooled by a rapid current 
of water passing through them. The latest types 
of Birkeland and Eyde furnaces were made in 
units taking 2,000, 3,000, or 4,000 kw. The 
most economical size is said to be 3,000 kw. 
The electrodes last 3-4 weeks, and are easOy 
replaced in about 16 minutes when required. 
The temperature of the flame is estimated at 
3,000-3,500° ; that of the escaping gases, of 
which about 74 cu. ft. pass through the furnace 
per kw.-hr., is about 1,000°. 

The concentration of nitric oxide in the gas 
leaving the furnace is about 1'25% by volume. 
The oxides of nitrogen are absorbed as nitric 
acid and as sodium nitrate and nitrite. About 
97% of the fixed nitrogen is absorbed, 85% of 
this as 30% nitric acid and 16% as nitrite. The 
energy consumption in the Birkeland-Eyde 


process is estimated as 1 kw.-hr. per 61 g. of 
nitric acid H N Og for overall working. 

The gas in the main leading from the furnace 
enters at a temperature of about 900° into the 
fire-boxes of Babcock boilers, in which steam in 
excess of all requirements in the works is raised. 
After passing through the boiler fire-box the 
gas leaves at about 250° to pass through the 
coolers. These are placed in the open air, and 
consist of four batteries of iron tubes, cooled in 
vertical tanks through which water flows. 

The gas leaves the coolers for the oxidation 
tower, of sheet iron and of sufiicient capacity 
to give one minute contact to the gas to enable 
the nitric oxide to be partly converted into 
nitrogen peroxide before contact with water. 
The gas leaves at 50° and enters the absorption 
towers, constructed of slabs of Norwegian granite 
clamped by iron bands. The towers are 10- 
sided, 26-926 m. high inside and of 7-3 m. uni- 
form external diameter. The thickness varies 
from 350 mm. at the bottom, in steps of 300, 
260, and 200 mm. to the top. They are mounted 
on concrete piers with aU joints visible and 
accessible in case of leakage. The towers are 
completely packed with pieces of Norwegian 
quartz about the size of walnuts. The gas enters 
at the bottom of the first tower and alternately 
at the top and bottom of successive towers. 
Acid is circulated in each tower by one montejus 
of iron-clad acid-resisting stoneware, having a 
capacity of 400 1. The delivery is intermittent, 
the montejus emptying once every two or three 
minutes. There is one 4-m. stoneware pipe to 
each tower, with rubber joints, for circulation 
in that tower, and a similar pipe for transferring 
acid from the next tower of the series. The cir- 
culation amounts to 10,000 1. of acid per hour. 
The top of the tower is domed, in sections joined 
■with blue asbestos covered ■with tar. 

The acid flows from each tower into a large 
granite tank ■with an aluminium cover, from 
which it is taken to the montejus. The acid 
from the first tower, which is the strongest, is 
about 30% nitric acid. This can be raised to 
52% by slower circulation, but the weaker acid 
gives the best all-round efficiency of absorption. 
The strengths in the succeeding towers are 
usually 20, 10, and 6%, respectively. The time 
of passage of the gas through each tower is of 
the order of 1 minute. 

After leardng the fourth acid tower, the gas 
enters an alkali absorption tower of sheet iron, 
about the same size as the acid towers, and also 
packed with quartz. Through this tower a 
solution of sodium carbonate, containing about 
2% of sodium hydroxide, is circulated. Sodium 
nitrate and nitrite are formed. 

The time of passage of the gas through the 
alkali tower is 1 minute ; it is then practically 
(but not quite) free from oxides of nitrogen, 
and passes through fans to the open air. 

The acid may be concentrated or converted 
into calcium nitrate. The sodium nitrate and 
nitrite are evaporated and sold for use in sul- 
phuric acid chamber plants, or the nitrite is 
recovered in crystals for dye-making and other 
purposes. 

Concentration of the Nitric Acid. — 
The nitric acid is concentrated in a very efficient 
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apparatus, due to Collett *' 

450448, 1912 ; U.S.P. 864928, 1907, and 10/9541, 

1913). ’ , , . . 

The 30% acid is pumped to a reservoir irom 

which it descends to four granite towers, 10 ft. 
in diameter and 50 ft. lined ■with acid- 

resisting stone and packed with quartz. In 
these it° meets ivith steam from the -weak acid 
concentrating plant, next described, and receives 
a preliminary concentration. The acid before 
entering the towers is also preheated by waste 
steam from another part of the plant. The con- 
centration apparatus proper consists of steam- 
jacketed tubes. To each preliminary tower is 
attached a battery of four sots of four silicon 
iron tubes, f.e., 10 tubes in all. Four tubes are 
arranged vertically around a bell-shaped head, 
and steam at 115 lb. is passed through the 
jackets. Four of these evaporators form a unit 
attached to each of the four towers. Evapora- 
tion is effected at atmospheric pressure and the 
acid brought to 60% HNO3. The 00% acid is 
collected in four granite reservoirs, and is 
pumped from these to a single largo reservoir 
at the top of the building, from which it flows 
to two octagonal granite towers, 8 ft. in dia- 
meter and 30 ft. high, one being in reserve. 
Into the same tower flows a stream of 80% 
sulphuric acid from a tank alongside the 00% 
nitric acid tank. Nitric acid of 00-97% strength 
is distilled over and is condensed in aluniiniuin 
S-pipes placed between the two towers. The 
acid collected is sent down a small granite tower 
through which compressed air is passed to re- 
move o.xidos of nitrogen, winch pass to the 
absorption plant. The diluted sulphuric acid 
(60-65%) is concentrated in an apparatus similar 
to that used for making the 00% nitric acid, 
except that it works under vacuum, maintaincfl 
by a vertical fall-pipe and water condensing jet. 
The strong acid is transported in strong earthen- 
ware bottles, holding 80 gallons. 

Sodium Nitrate is prepared from the liquor 
obtained from the alkali tower, or by neutralising 
the tower acid mth soda-ash, the oxides of 
nitrogen evolved being removed by fans. 
Sodium nitrite is concentrated in an nj/paratus 
similar to that used for nitric acid, the final 
concentration being carried out in five pans, 
5 ft. by 20 ft. by 2 ft., heated by steam coils. 
Both salts are dried in hydro-extractors and 
Buhler’s drying apparatus (Fig. 3), and bagged. 

The BiiUer dWer has an air heater a and a fan 
B for forcing air at 100° through the apparatus. 
The salt enters on a roller o and is carried by the 
arr current into the cyclone n. The dry powder 
IS taken out into casks through the rollers Ji- 
js filtered in e and escapes through 
H. The time of passage of the salt through the 
apparatus is 6-7 seconds. 

Oalcium Nitrate . — •The nitric acid from the 
through a scries of granite tanks 
ailed with limestone, untU the liquid contains 
not more than 0-5% of nitric acid, which is 
neutrahsed by the addition of lime. The liquid 
^J^porated in vacuum pans until it has 
P i-9, and run into iron drums holding 380 1., 
fr. sots to a hard mass and is thus exported 
5 O’" is rnn on to shallow 1 

y and when cold is broken up, groimd to a 

Foe. Vm.— 36 


coarse powder, and sent out as manure in wooden 
caslcs. It varies in appearance from red-brown 
to black, according to the nature of the lime- 
stone from which it is made, and has the follow- 
ing composition : 

corresponding to 77-0% Ca(NOj )2 

Water 21-5% 

Jnsoliible in water — 

FejOj ; ANOj ; liiimilS . J -5% 

ADtmonivm Nitrate is prepared at Notodden 
and Rjukan bj' neutralising the 30% nitric 
acid with pure ammonia liquor (p 0-880). The 
resulting liquid is filtered, evaporated in vacuum 
pans until it has p 1-35, and is then allowed to 
crystallise. The crj-.stals are centrifuged and 
dried in a Biihlcr’s apparatus, when thev con- 
t.ain 09-0% of NH^NO,. 

In addition to the Birkcland and Eyde furnace 
several other t^-pes of arc furnace have been 



in use fcchnieally and many others have been 
proposed which have never been used. The 
SeJidnherr fiirnncc, devised in 1005 (Trans. 
Amer. Electrochem. Soc. 1909, 16, 131 ,* Elcktro- 
tcchn. Z. 1909, 30, 305, 397), which was worked 
in Norway, and on a limited scale in Germany in 
lOH-lfi, consisted of a vertical iron tube (10 ft. 
or more in diameter) inside whicli an axial arc 
flame -was burning. The yield in the Schonherr 
furnace is increased by 115% by using lithiura- 
coppor alloy electrodes and oxygen-enriched air 
(Wakker and Brinor, IIclv. Chim. Acta, 1930, 
19, 320; Brinor, Bull. Soc. Chim. 1937, [v], 4, 
1325). The Pauling furnace (Russ, Z. Eloktro- 
chcra. 1909, 15, 544 ; J. W. Mollor, “ Compro- 
hensivo Treatise of Inorganic and Theoretical 
Chemistiy,” Yol, VIII, London, 1928, p. 375) 
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originally used at Patsch, near Inns'bmck, and 
later at Legnano in Italy, had hom-shaped 
electrodes betvreen ■vrMcli an arc ^ras struck and 
then hlomi into a flame by a rapid current of 
preheated air from a nozzle below the electrodes. 

Small units (500-600 k\r. at 5,000 r.) -vrith 
electrodes very close together at their point 
of convergence, so that no special device for 
lighting the arc was necessary, were used, the 
waste heat being utilised by building the furnace 
units in steam boilers. The yield is increased 
from 23 to 25 g. of nitric acid per kw.-hr. to 
714 g. per kw.-hr. by using special electrodes 
of aluminium, preferably alloyed with other 
metals such as barium (Rossi, B.P. 23959, 1913). 
Finely divided iron oxide carried off from iron 
electrodes acts catal 3 iically in decomposing 
nitric oxide in the hot arc gas. 

The Afascicl.-i furnace (B.P. 20497, 1903), used 
at Chippis in Switzerland, had an arc caused to 
revolve in the space between two concentric 
electrodes by a magnetic field, and a special 
absorption apparatus was used. The KUruin 
process, developed by the Societe Nitrum of 
Zurich (Gros, Ckimpt. rend. 1920, 170, 811), and 
used for a time at Bodio in Switzerland and 
Merseburg in Germany, used a dry mixture of 
equal volumes of oxygen and nitrogen circulated 
in a closed system, the oxides of nitrogen (after 
addition of osygen) being condensed by cooling 
or absorbed in water cooled at 0° ; the furnace 
was filled with flame, the gas being blown in 
tangentially, and the flame suddenly chilled by 
passing through a water-cooled tube. The yield 
was stated to be 70-75 g. of nitric acid as 62% 
acid per kw.-hr. 

The Scott (J.S.C.I. 1917, 36, 771) and Island 
(U.SH. 1316445 and 1317705, 1919) arc furnaces 
do not seem to have been in technical use. 

The Hausser Process . — The formation of 
nitric acid when a mixture of oxygen and 
hydrogen containing some nitrogen is burned 
was noted by Cavendish in 1784 (p. 5576). 
Kolbe (Annalen, 1861, 119, 176) found that oxides 
of nitrogen and nitric acid are formed when a 
Jet of hydrogen burns in oxygen containing 
some nitrogen, and he suggested that the reaction 
might be used technically. An increased yield 
in the explosion reaction at higher pressure was 
discovered by Hempel (Ber. 1890, 23, 1455). 
Nitrogen peroxide is also formed by burning 
carbon monoxide in air under pressure (Haber 
and Koenig, Z. Elektrochem. 1910, 16, IS) and 
many proposals have been made to bring about 
the union of atmospheric nitrogen and oxygen 
by the combustion of various fuels (T. H. Nor- 
ton, “ The Utilisation of Atmospheric Nitrogen,” 
Dept, of Commerce, "Washington, 1912). The 
yield is always small and the oxides of nitrogen 
are mi x ed with large volumes of the products of 
combustion, so that all such processes are very 
unpromising. 

Hausser (Chem. Trade J. 1914, 55, 46, 69; 
Stahl und Eisen, 1921, 41, 956, 999; J.S.CJ. 
1922, 41, 253 b; Nob, G.P. 306451, 1916; 
Gorlinger, G.P. 316253. 1919; a careful dis- 
cu^on is given in the Nitrogen Products Com- 
mittee “ Report.” HAI. Stationery Office, 1919, 
pp. 277-285) proposed to explode a mixture of 
air and a combustible gas, such as coal gas or 


coke-oven gas imder pressure in a gas-engine 
cylinder or a bomb,' when a gas containing 
0-3-0-6% by volume of nitric oxide is formed! 
An oil spray may also be used. GMals on a 
small scale pointed to a yield of 135 g. of nitric 
acid per cn. m. of fuel gas of calorific value 
of 483 B.Th.U. per cu. ft., with an initial com- 
pression of 3-2 atm. and a pre-heat of 240°. 
Enriching the air with oxygen should increase 
the yield. The process of Bender (G.P. 192SS3, 
1906 ; 217079, 1908) was to work at atmospheric 
pressure, and Brunler (Chem. Age, 1926, 14, 
29 ; cf. SenisclB, J.S.CJ. 1930, 49, 63 t) proposed 
to bum a submerged flame of gas, oil, or 
powdered fuel under lime water to form calcium 
nitrate. 

The Oxidatio:x of Asnioxii. 

In 1788 the Rev. I. Mflner (Phil. Trans. 1789, 
79, 300) found that ammonia gas is oxidised to 
nitric oxide when passed over heated manganese 
dioxide, and J. Black (“ Lectures on Chemistry,” 
1803, pp. 245, 455; Partington, Nature, 19'22, 
109, 137) states that the process was used in 
France on the large scale during the Napoleonic 
wars for the manufacture of saltpetre. This 
observation was followed by the better known 
researches of Prof. Frederic Kuhlmann, of Lflle, 
who (Mem. Soc. Sci. Lille, 1938, 15, 88 ; Annalen, 
1839, 29, 272) observed that when a mixture of 
ammonia and air is passed over platinum sponge 
heated to about 300° the platinum continues to 
glow and oxides of nitrogen are formed : 

4NH3-f502=4N0-r6H„0. 

A slight reaction only was noticed when the gas 
was passed through an empty heated porcelain 
tube. Kuhlmann also found that platinum 
black is less efficient than platinum sponge, and 
copper, nickel, iron, and copper hydroxide are 
still less active; he also foimd that cyanogen 
and hydrocyanic acid are very readily oxidised 
— an observation confirmed by Moldenhauer 
and Wehrheim (Z. angew. Chem. 1914, 27, 334). 
Kraut (Annalen, 1865, 136, 69) noticed that red 
fumes, with intermittent explosions, result 
when a hot pla tinum spiral is hung in a fl a s k 
containing ammonia solution through which a 
current of oxygen is passed. The formation of 
ammonium nitrite and nitrate on passing am- 
monia and air over platinised asbestos heated to 
redness was described by Warren (Chem. News, 
1891, 63, 290). The yidd of oxides of nitrogen 
with platinised asb^os as catalyst- was in- 
vestigated by Schmidt and Bocker (Ber. 1906, 
39, 1366). Platinised glazed porcelain (Schick, 
B.P. 13954, 1907) is said to have a longer life 
than platinum sponge (Taliani, Giorn. Ghim. 
Ind AppL 1921, 3, 408). Platinised puzzolana 
has been used (Marnier, Chem. Trade J. 1935, 
97, 82), also platinum and platinum-rhodium 
sputtered on porcelain (Klevke, J. Chem. Ind. 
Russ. 1937, 14, 98). 

The conditions for obtaining a practical yield 
with platinum were investigated by Ostwald and 
Brauer (Z. Elektrochem. 1903, 9, 485; the 
method is described in BJ*. 698, 8300, 1902, and 
7909, 1908 ; a German patent was not granted 
on account of the prior work of Kuhlmann). It 
was found that the gas must pass rapidly over 
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the catalyst, otherwise the ammonia is largely 
burnt to elementary nitrogen : 

4NH3+302=2N2+6H20. 

Under suitable conditions, however, well over 
90% of the ammonia may bo oxidised to nitric 

oxide : 

4NH3+502=4N0+6H20. 

Nitric oxide is the first ascertainable product of 
the oxidation. The reaction begins at about 
550° and proceeds rapidly and practically com- 
pletely at 650-800°. Tlie yield in good working 
is 95-97% and usually averages 90-92%. The 
reaction proceeds equally well with dry or 
moist gases; a little moisture seems to be 
slightly beneficial. 

A technical plant based on Ostwald s in- 
vestigations was erected in 1909 at tho works of 
the Lothringian Colliery Co. at Gerthc, near 
Bochum, which produced more than 1,800 tons 
of ammonium nitrate per annum (Chem. Trade J. 
1915, 56, 653). The patents were taken over 
by the Nitrogen Products Co., who erected 
factories at Vilvordo in Belgium and Dagenham 
in England. 

The process in the Ostwald form was largely 
used in France during 1914-18, the ammonia 
being derived from cyanamide. Tho works were 
installed at Angoulemo and Bossens, and a full 
description of them w'as given in tho Third 
Edition of this “ Dictionary ” (1922, Vol. IV, 
p. 596). 

The Ostwald converter consists of two vertical 
concentric tubes, acting as a heat exchanger. 
The heat is transmitted through tho walls of 
the inner tube to tho mixture of air and am- 
moma, which passes up tho annular space botwen 
the tubes to the catalyst, which is placed at tho 
top of the inner tube, and tho hot oxidised gas 
passes down inside this. The temporaturo of tho 
catalyst is maintained at 800-^30° without 
external heating. Tho external tube is of iron, 
enamelled inside, the inner tube of nickel, 3-5 m. 
long, 63 mm. in diameter, and 1 mm. thick. 
The iron tube is 100 mm. in internal diameter 
and is only 3-25 m. long, so that tho nickel tube 
protrudes 25 cm. below. This is prolonged by 
an aluminium tube, in which the gas cools to 
260-270° before passing into a largo aluminium 
main collecting tho products of several con- 
verters. The iron tube is lagged outside to 
hinder radiation. 

The catalyst is prepared by talcing two strips 
of platinum foil, 2 cm. wide and 0-01 mm. tliiek, 
crinkling one into ridges 1 mm. apart, laying 
this on the other flat strip, and rolling tho two 
into a circular pad 65 mm. in diameter, weighing 
60 g. At the top of the nickel tube and inside 
it are lugs, on which tho roll of platinum rests. 
The outer iron tube is closed at tho top by a 
hinged lid, with a mica inspection ivindow. The 
activity of the platinum increases rapidly with 
use for some hours. It then slowly falls off 
and the catalyst requires renewal after three 
months. The activation of the platinum depends 
w a peculiar physical change (E. K. Rideal and 
Catalysis,” Macmillan, 1919, 
P* ) , the metal swells into microscopic 
efflorescences, probably owing to solution of gas 
and subsequent expulsion. 


Each Ostwald converter unit produced 100 kg. 
of nitric acid per 24 hours. Tho nii.xturo of air 
and ammonia contained about 8'6% of ammonia 
by volume. Before passing to tho convertor tho 
two gases should bo thorough^ mixed. The gas 
should also bo filtered from dust, since iron 
oxide acts very prejudicially on tho catal^'st. 

Tho use of a single layer of electrically heated 
platinum gauze ns a catalyst was described bj' 
Frank and Caro (SchuphniKS, Motnll und Erz, 
1916, 13, 21) and by Landis (U.S.P. 1193796 to 
1193800, 1910; Chem. blot. Eng. 1919, 20, 
470; on tho construction of catalysts, see 
“ O.xidation of Ammonia,” hlunitions Inventions 
Department, Il.hl. Stationen' Office, 1919; and 
Campbell, J. Ind. Eng. Clicm. 1919, 11, 408). 

The basis of all recent improvements is to be 
found in tlio patent of Kaiser (B.P. 20326, 1910 
conv. 1909; 24036, 1911 conv. 1910; G.P. 
271617, 1909), who proposed tho use of several 
superposed fine platinum or iridium gauzes in 
close contact, tlie mixture of air and ammonia 
gas being preheated to 300-^100° before pas--ing 
to tho catalyst. In this way a very rapid .stream 
of gas may bo pa.sscd and tho output corre- 
8poj»dingl3' increased. 

Kaiser claimed that some ntmo.sphcric nitro- 
gen was oxidised along with the ammonia, but 
this has not been conlirmed and was probably 
based on faulty nnnl3’tical control. 

In March, 1917, Partington and Parker u«ed 
two platinum gauzes separated b}' thin silica 
rods, tho lower gauze being clcctricall.v heated. 
Althoiigh separated gauzes arc slight k more 
efficient than gauzes in contact (Perlej’ and 
Smith, J. Ind. Eng. Clicm. 1920, 12, 6, 119; 
Chcni. Mol. Eng. 1920, 22, 126) Ihc^’ lend to warp 
ill use, and multiple gauzes in contact, gencrall^v 
stitched together with tho same kind of wire, 
are generally' used. Two laj'crs of gauze give ns 
good results ns three or more (Pcrlc^’ and Smith, 
I.C.; Titlcslnd and Spangler, U.S.P. 1927608, 
1033). 

Tho j’icld is best with a 8uitnbl3- rapid rale of 
How of gas through the gauze and a suitable 
gauge teniporaturc, but is not veiy sensitive 
to tlicso conditions (on tho volocit3’ of oxidation, 
sec Borc-skov, ,1. Appl. Chem. Russia, 1932, 5, 
103). Tho gauzo tomperaturo is most casil3' 
measured b3' means of an optical p3Tomotor 
through a suit able in.spoction window of quartz 
or clear mica (shown at o in h'ig. 4). Tho 
observed temperatures must bo suitnbk cor- 
rected to black-bod3' temperatures, the difference 
being 60-100°; a table of corrections is given 
b3' Pcrloy and Smith (/,c.). Although tho gauzo 
is ninintained automatically at a dull red-heat 
by tho oxothormic reaction : 

4NH3-l-602=4N0-h6H20(gns)-f212 kg.-cal. 

tho yield is only about 85% unless tho gauze is 
cloctricnll3' heated or tho gases prohoated, when 
it reaches about 95%. Tho tomperaturo of pre- 
heating of tho gas Diny ho about 600° as a 
maximum (Pcrloy and Smith, l.c.). 

Tho yield is dependent on tho gas com- 
position ; more o.xygon than is required to form 
NO should always bo present in tho air- 
ammonia mixture: tho beat mixturo is ono 
which corresponds theoretically to tho formation 
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of NoOj (J. R. Partington and L. H. Parker, 
“Tke” Nitrogen Industry,” Constable, 1922, p. 
293). According to Perley and Smith (Z.c.)the am- 
monia content should not exceed 11% by volume 
with a flow velocity of 1-827 1. per min. of intake 
gas per sq. cm. of catalyst. A ratio Oo-.NHj 
lower than 0-75 gives practically only nitrogen ; 
above 1-26 nitric oxide is almost the sole product 
(c/. Maharevski, Z. angew. Chem. 1926, 38, 1113 ; 
Andmssov, ibid. 1926, 39, 321 ; 1927, 40, 166 ; 
Uchida, J. Physical Chem. 1926, 30, 1297 ; 
Adadurov, J. Chem. Ind. Moscow, 1933, 10, 
No. 2, 37; Khimistroi, 1933, 5, 2285; Epstein, 



Manuring and Harvest (Russ.), 1930, Nos. 9-10, 
749 ; 1931, No. 1, 76 ; Hennel, Przemysl Chem. 
1932, 16, 258 ; Wein, ibid. 1933, 17, 75). 

Since the reaction is very rapid, a high flow 
rate is used and the apparatus {“ converter ”) 
for oxidation is correspondingly small. A cross- 
section of 4 in. by 6 in. with two gauzes suffices 
for a technical unit capable of suppl 3 ’ing oxides 
of nitrogen for a large sulphuric acid chamber 
plant, and converters with 2 in. bj-^ 3 in. gauzes 
function very satisfactory. In making nitric 
acid catalyst cross-sections of 1 or 2 sq. ft. or 
more are used, but if too large there is a tendency 
for the gauzes to sag. An output of 1-5 tens of 
nitric acid per 24 hours per sq. ft. of double 


gauze, which corresponds with 16 kg. of nitric 
acid per g. of platinum per 24 hours, is normal 
(J. R. Partington, J.S.C.I. 1918, 37, 337a; 
“ The Oxidation of Ammonia Applied to Vitriol 
Chamber Plants,” H.M. Stationery Oflice, 1919). 

The form and material of construction of the 
converter may be varied considerably. Up- 
ward, downward, or sidewaj'-s, flow of gas 
through the gauze may be used indifierently; 
the material is limited by the circumstance that 
iron oxide is a powerful catalyst poison. 

The standard tjqie of converter designed hy 
the author (Fig. 4) consists of top and bottom 
cones A and b, with rectangular body pieces c 
between, aU in cast aluminium ^ in. thick. 
Three body pieces are shown, but two, or even 
one, may suffice. The area inside is 4 in. by 6 in. 
The pieces are provided with flanges, in. wide, 
to facilitate bolting together, and perforated 
baffles of sheet aluminium are inserted between 
the body pieces, except at the junction between 
the top cone and body piece, which is occupied 
by a eatalyst d of two layers of platinum gauze, 
of pure platinum wire 0-0025 in. diameter, woven 
in uniform mesh with 80 strands to the linear 
inch. 

The gauzes are conveniently stitched together 
with some of the same wire, and the double 
gauze is supported between two flat aluminium 
plates cut out in apertvires about J in. smaller 
than the gauze dimensions, and with asbestos- 
paper packing extending to the inner edge of the 
apertures, the plates being suitably screwed to- 
gether. The catalyst unit is thus detachable 
and can be removed and replaced at will. 
Before fitting into the frame, the gauze is 
boiled for a few minutes with concentrated 
hydrochloric acid, washed in a porcelain photo- 
graphic developing dish with distilled water, 
and dried on clean filter paper. On no accoimt 
must the gauze be touched with dirty fingers 
during fitting, and the catalyst units must be 
stored in a perfeotl}’' clean wood box to preserve 
them from dust. The fitting should be carried 
out in a room free from dust and not in a work- 
shop where iron is manipulated. Inlet (p) and 
outlet (q) elbows of cast aluminium are bolted 
on the cones B and a, respectively. 

The converter is started by passing a slow- 
stream of ammonia-air mixture and heating 
the gauze by a hydrogen flame inserted through 
the aperture a, which is afterwards closed by a 
bolted-on aluminium plate. It is desirable to 
take out the platinum gauzes once every two or 
three months, and clean them by boiling with 
concentrated hydrochloric acid. After six or 
eight months’ use the platinum begins to dis- 
integrate, and is replaced bj' a new gauze. 
Perfectly new gauze is not very active, but 
rapidly becomes activated after a day’s use. 
Activated gauzes may be stored ready for use. 

Although platinum is said to evaporate slowly 
even at 680° (Uchida, J. Physical Chem. 1926, 
30, 1297), it is claimed that the loss of platinum 
is due solely to fine particles carried off by the 
gas-stream from the cauliflower-Uke excrescences 
(see E. K. Rideal and H. S. Taylor, “ Catalysis,” 
Macmillan, 1919, p. 97) which develop on the 
wires, and may increase their diameter by 12p. 
(Figurovski, J. Appl. Chem. Russia, 1938, 11, 
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1440) The loss amounts to about 0-003 oz. troy 
ner ton of nitric acid with normal working 
fimison and Russell, J.S.C.I. 1922, 41, 37 t ; cf. 
ffiov, J. Chem. Ind. Russ. 1937, 24, 1083; 
Adadurov and Grigoriev, J. Appl. Chem. Russia, 
1937 10 1548; Epschtein and Tkatschenko, 
ibid.’ ms, 11, 733). The loss from Pt-Rh 
eauzes is said to bo only about halt tliat ironi 
pure Pt (Handforth, Ind. Eng. Chem. 1931, 23, 

860 )- , 

Preliminary prolonged heating an hydrogen 
increases the activity of the platinum (Adadurov 
and Didenlio, J. Appl. Chem. Russia, 1934, 7, 
1339). On the other hand, the superior activity 
and stability of a ternary alloy catalyst (Pt 92, 
Rh 5, W 3%) are ascribed to its low power of 
dissolving hydrogen (Adadurov and Povni, J. 
Phys. Chem. Russ. 1937, 9, 692). 

Heating alloys of platinum metals {c.g., 
platinum with 2% of ruthenium, but not 
platinum-rhodium) above 900° until cry'stal 
growth is detected by X-ra 3 's is said to enhance 
their activity (I.G. Farbenind. A.-G., H.P. 
489300, 491143, 1937; Ruthardt, Angew. 
Chem. 1938, 51, 760). 

Gauze consisting of platinum with 10% of 
rhodium is now used (Chefn. Trade J. 1931, 88, 
584; Bamag Meguin A.-G., B.P. 33-1400, 1929; 
Du Pont de Nemours, 13. P. 300382, 1928). 
Platinum not covered with finely divided 
rhodium has also been proposed (I.G. I'nrbenind. 
A.-G., B.P. 331728, 1929). An alloy of 9 parts 
of platinum and 1 part of rhodium is beat 
(Handforth and Tilley, Ind. Eng. Chem. 1934, 
26, 1287). According to Dccarri6ro (Btill. 
Soc. claim. 1925, [iv], 37, 412), platinum- 
palladium alloy is better than platinum; 
iridium (recommended by Parsons, J. Ind. Eng. 
Chem. 1919, 11, 541) is decidedly' inferior 
(Duparc, Wenger, and Urfer, Hclv. China. Acin, 
1928, 11, 337) ; palladium is less ofiicient than 
platinum except at high ammonia concentrations 
(Decarrifere, Bull. Soc. cliian. 1924, [iv], 35, 48). 
The use of various forms of plntinuan has been 
investigated (Pascal and Decairiirc, Mona. 
Poudres, 1924, 21, 08, 87 ; Taylor, Clicni. Met. 
Eng. 1920, 26, 1217; Curtis, ibid. 1922, 27, 
699; Campbell, J. Ind. Eng. Chem. 1919, II, 
468). Platinum alloyed with 1% of tantalum 
or 2% of tungsten (I.G. Farbenind. A.-G., lAP. 
716516, 1931), and chips of an alloj’ of platiiaum, 
rhodium, and tomgsten (Du Pont do Nemours, 
U.S.P. 1978198, 1934), have been proposed. 
Gauze with pure platinum waqa and platinuiaa- 
modium woof is proposed (Taj-lor and Grnssclli 
Chem. Co., U.S.P. 1927963, 1933). Alloys of 
platinum with 3% of cobalt or 3% of tungsten, 
and the ternary alloy of Pt 92, Rh 5, and W 3%, 
are all more active than platinum, and the last 
has great stabihty (Adadurov and Povni, J. Phj's. 
Chem. Russ. 1937, 9, 692). The use of platinuan- 
modaum alloy is said to lie attended Avith greater 
aimculty in starting and greater sensitiveness 
to workang conditions than that of pure 
platmum. The presence of 3% of tungsten in 
tne platmum gauze is said to make it twice as 
active as ordinary platinum at 760° (Adadurov 

^ 1221 ^°^^°^°’ ^^ 36 , 

Parsons and Jones (B.P. 132551, 1918; Ind. 


Eng. Chem. 1919, 11, 641; 1927, 19, 789; 
Taylor, ibid. 1927, 19, 1250 ; Perley and Varrcll, 
ibid. 1929, 21, 222) use 4 layers of platinum 
gauze, of 0-0020 in. diameter and 80 mesh, in 
close contact, formed into a cyh'ndcr closed at 
the bottom with a silica plato. The cylinder 
hangs inside a cliambcr lined with glazed bricks 
and no preheating of the gases is aiscd, the heat 
radiated from tho gauze and walls of the 
chamber suflicing. The efficiency Avas 90-91% 
AA-ifh an output of 70 lb. of ammonia oxidised 
per oz. of platinum per 24 hours. The efficiency 
was improved to 95% and the output to 100 lb. 
of amtnonia oxidised per oz. of platinuiai per 
24 hours by preheating tho gas to G00°o. by 
mixing preheated air Avith ammonia gas iia ata 
iron i)ipo lined AA'ith silica (Perley, Chem. 
Met. Eng. 1920, 22, 125; Ind. Eng. Chem. 1920, 
12, 6, 119). Parsons recommended preheating 
tho gas and operating the gatizo at 1,000°, but 
this lomperaturo is much too high and causes 
loss of platiniam. The production, hoAVOA-cr, 
Avilh this typo of converter is said to be tAA-ico ns 
high at 925-950° ns at 72.5°, and the efficiency 
95% ns compared Avith 88-90% at 72.5° (Kalton- 
bach, China, et Ind. 1929, 21, 701). Ouing to 
tho AA-ciglit supported bj* tho gauze cydinder, the 
AA'iro must bo thicker than Hint used AA-ith fiat 
gauzes, and since tho supposed benefit of the 
radiant heat is illusoi^- (gases being trnn.sparent 
to radiant heat), tho adA-nntago a cylindrical 
gauze has over a fiat one is not obA*ious. 

Enamelled iron converler.s, made by tho 
Canaaon Iron Foaindrics, Dccpficlds, StafTs., are 
said to bo A-cry f-ntisfactory. 

Imison and Russell (.l.S.C.I. 1922, 41, 37 t) 
describe a coiaverter of iron, protected Avith 
enaiaael or by painting AA-ilh sodium silicate solu- 
tion aaad barium sailpliato, Avliich aatiliscs the heat 
of reaction in preheating the gas. Chroraaiaam 
steel or chromium plating Avith.stnaads oxides of 
nitrogen at 200° (Tiionapson, Trnias. Amer. 
Electrochena. iSoc. 1920,50, 101). 

An apparatus for producing the air-aannaonia 
mixture (1 vol. of anaanonia to 7-.5 vol. of air) 
by' passing air throaigh 25% aanmoiaia solution 
iia a packed toAA-or (h’ig. 6) aiad driving off tho 
ammonia by' steam adnaitted at the base of the 
loAAcr is described by Inaison and Russell (f.r.) 
(Richardson, U.S.P. 2119721, 1938; Chcnaical 
Constraactiora Co., U.S.P. 174S040, 1030, uses 
tho heat of tho oxidised gas to drive off anamonia 
from a sohatioia in a toAA-cr). 

Before ciatcring tho converter the gas is filtered 
throaigh glass avooI, as even traces of oxide of 
iron, larcscnt in dust, poison tho platinum 
cntaly'st. 

Oxides of nitrogen frona amnaonia oxidation 
provide a conA-enioiat source for aise iia sulphuric, 
acid chamber plants, tho gas being iiat reduced at 
a suitablo point, say' after tho GloA-cr toAver 
(Schuphaais, Motnll und Erz, 1910, 13, 21; 
“Tho Oxidation of Ammonia apiilied to Vitriol 
Clmmbor Plants,” JIunitions InA'ontions Dc- 
pai-tmont, H.IM. Stationery' Olfico, 1919; Chem. 
Trade J. 1931, 88, 584; Spangler, Chem. and 
Met. Eng. 1928, 35, 342; Kiofllcr, Ind. Eng. 
Chem. 1927, 19, 1153). Tho high toxicity of 
oxides of nitrogen must bo kept in mind (Chem. 
Trade J. 1933, 98, 281). 
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The analytical control of ammonia oxidation 
plant is described by Whittaker et al. (Ind. Eng. 
Chem. [Anal.], 1930, 2, 16; B. Berl and G. 
Lunge, “ Chem.-tech. Untersuchungsmethoden,” 
Berlin, 1932, 11, i, 673, 676). 

The effects of impurities in the ammonia have 
been investigated. Perley (J. Ind. Eng. Chem. 
1920, 12, 6, 119) states that very small amounts 
of phosphine (2-3 p.p.m.) are detrimental; this 
impurity, which may be present in cyanamide 
ammonia, may be removed (Parsons and Jones, 


B.P. 136342, 1919) by passing the mixture of 
ammonia and air, heated to bO-eO^o., over a 
catalyst composed of “ a metal of the silver 
group ” on a support of carbonised cellulose 
fibre. Ammonium phosphate is formed, which 
is retained by the carbon. Taylor and Capps 
(J. Ind. Eng. Chem. 1918, 10, 457) state that 
acetylene present to the extent of 0-02% reduces 
the yield from 95% to 89%, and 0-1% to 65%. 
The effect of acetylene is probably due to phos- 
phine present as impurity. Decarrifere (Compt. 
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rend. 1921, 172, 1663; 173, 148; 1922,, 174, 
460, 756) finds that small amounts of hydrogen 
(0-44% by vol.) slightly increase the activity of 
the platinum catalyst, but larger amounts (I-O- 
l-5%) slightly reduce it. Hydrogen sulphide 
lowers the activity, the effect depending on the 
concentration rather than on the total amount 
which has passed over the catalyst. Decarribre 
found^ that acetylene causes a slight increase in 
the yield for the first few minutes, followed by 
a fall which is proportional to the absolute 
amount of impurity which has passed rather 


than to the concentration, and continues even 
when pure gases are then used. Later work 
(Pascal and Deoarrifere, M4m. Poudres, 1924, 21, 
1, 87 ; Yee and Emmett, Ind. Eng. Chem. 1931, 
23, 1090) showed that up to 0-4% of pure 
acetylene has no effect but 0-02 p.p.m. of phos- 
phine has a poisoning influence and 0-2 p.p.m. 
definitely injures the platinum. The addition 
of 0-07% of hydrogen sulphide protects the 
platinum from phosphine and also gives a 3-4% 
increase of efficiency with unpoisoned platinum. 
PjTidine up to 2% in ammoniacal liquor can be 
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tnlprated but the life of the platinum 
SSned (Chem. Trade J. 1931, 88, 584). Lead 
tetraethyl is a powerful catalyst poison. 

Many theories of the mechamsm of ammomn 
oxidation have been proposed (sec Gmolins 
“ Handbuch der anorganischen Chemie, Berlin, 
1936, Part 4, p. 655). The reaction probably 
occuK on a platinum surface covered with atomic 
oxygen, and several alternative^ intermediate 
products are possible (c/. Bodenstein, Z. Elektro- 
chem. 1930, 36, 756; lirauss and Schuldt, Z. 
phvsikal. Chem. 1938, B, 39, S3 ; 1939, B, 45, 
1), e.g., 


I. NH3+0 = NH+H20 
NH+02=HN0„ 
4HN0j=4N0+2H„0+02 

n. nh 3 +o=nh 30 

NH30+02=HN02+H20 
or NH30+6=HN0+H20 
HN0+02=HN03 


m. nh3+02=hno+H20 

HN0+02=HN03 

4HN03=4N0+302+2H20. 

The nitrous oxide formed in abnormal con- 
ditions (Nagel, Z. Elektrochem. 1930, 36, 754; 
I.G. Farbenind. A.-G., B.P. 325475, 1928) maj* 
be derived from H N O : 

2HN0=N„0-fH20. 

Hydrazine may also bo formed in abnormal 
conations (Hofmann and Korpiun, Ber. 1929, 
62 [B], 3,000 ; Koenig and Wagner, Z. physiknl. 
Chem. 1929, 144, 213). 

The ammonia oxidation plant of the Ilochst 
Farbewerke (vormals Jlcistcr, Lucius, und 
Briining), ivith a capacity of 140,000 tons of 
nitric acid per annum, is of a type conimonlj' 
used in works making ammonia by the llabcr- 
Bosch process (Partington, J.S.C.I. 1921, 40, 
185 r). 

The ammonia liquor (about 25% ammonia) i.c 
stored in four overhead spherical steel tanks, 
each of 264,200 gallons capacity. The liquor is 
rectified in four stills, one spare, of the Savalic 
type with 15 effects, each with a capacity of 
20 tons of ammonia daily. The gas not used for 
opdation is absorbed in a plate tower 30-10 ft. 
high. Ammonia from gas liquor is scrubbed 
with caustic soda solution of 48-53° Tw. and then 
passed through charcoal purifiers in the usual 
way to remove sulphur compounds. The am- 
monia gas from the stills is freed from moisture 
by refrigeration with ice-cold water ; tiio pre- 
sence of moisture causes scaling of the iron 
pipes and is also believed to bo prejudicial to the 
co^ersion, although this is probably incorrect. 

^mmonia gas and air are metered through 
V entra meters and driven by ten 65-kw. 
^trifugal blowers to the filters and converters, 
ine mixture contains 12'5% by volume of am- 
moma, ^ regulated within narrow limits. The 
animonia supply pipe is 6 in. in diameter and the 
am pipe 18 m. in diameter. The air is filtered 
turough cloths in a wooden box and the mixed 
gas carefully filtered from dust and ammonium i 


salt fumes through eight layers of linen cloth 
in chambers 9 ft. by 5 ft. 

The gas passes under 6 in. water pressure 
through two central mains in the convertor 
house, from wliich it is diverted to the 224 con- 
verters, each provided with a circular platinum 
gauze catalyst of 20 in. diameter, or 2-12 sq. ft. 
cross-section. The maximum output of each 
converter is 1-5 tons of nitric acid per 24 hours, 
the efficiency of oxidation being 89%. The 
efficiency from ammonia to dilute acid (in- 
cluding the efficiency of the absorption plant) 
is 87%, that from ammonia to strong acid (in- 
cluding the concentrating plant) is 84%. 



The body of the converter (Fig. 6) is of cast 
iron, in four sections with flanges. The two 
middle sections, 18 in. and 12 in. high, support 
the catalyst between them; the conical top 
and bottom pieces arc each 3 ft. G in. high. The 
top cone is lined with sheet nickel to protect it 
from the hot gas. The catalj-.st, clamped 
between asbestos rings, is started by heating to 
redness by a hydrogen or coal-gas flame inserted 
below it through a lighting hole shoum in the 
figure. 

The exact construction of the catalyst has 
been differently stated. It consists of 2, 3, or 4 
platinum gauzes, of 20 in. diameter, of O-OG-mni. 
wdre "with 80 meshes to the linear inch. The 
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gauzGS are possibly spot-welded, and are sup- 
ported on a grid of ten stout platinum wires, 
I mm. in diameter, spaced at 10 cm. distance, 
and probably two gauzes are used. 

The converters are arranged in two sets of 
seven or eight on each side of separate mlet and 
outlet mains, the latter 1 ft. in diameter and con- 
nected with the converters by 4-in. pipes, 
lagged outside with diatomite brick shaped to 
fit,° cemented and wired. The upper bend 
pipe of the converter is not lagged, so as to allow 
for expansion. Before entering the converters 
the gas passes from a common main to a vertical, 
lagged, multitubular preheater, 15 ft. by 5 ft. 
external dimensions, in which it is heated by 
steam. The purpose of this is to prevent con- 
densation of acid from the hot gas coming from 
the converter when it passes through the heat 
exchanger, which is identical in dimensions with 
the preheater. In it the warmed gas passes in 
counter- current to the gas from the converters, 
and leaves at 200°o. Two heaters so arranged 
serve 14 converters. The temperature of the 
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catalyst is about 800 ° ; the gas leaves the con - 1 
verter at 650-700°. In starting the converters 
extra air can be added and the only partly con- 
verted exit gas by-passed to a chimney until the 
gauze is activated. Gate valves are used, with 
a slight air pressure on the side of the valve not 
in contact with the gas to prevent leakage. In 
56 of the later type of converters, the gas passes 
by a lagged 3-ft. main through two tubular 
boUers, leaving these at 270° to the heat ex- 
changer. In this way four tons of water are 
evaporated per hour, and the steam is used for 
warming the gas, as described above. One to 
three men only are necessary to look after all the 
converters. 

The gas containing nitric oxide and steam 
coming from the converters passes through eight 
cast-iron mains 18 in. in diameter, supported on 
three ferro-concrete bridges, to four rows of 
eight absorption towers. Each row of towers is 
provided with twelve intensive coolers of special 
design, i.e., 48 coolers in all. These coolers 
(Pig. 7) are of aluminium, with an annular 
space between the outer wall and an inner 
vessel, the gas entering above through four inlets. 

In these coolers much of the steam in the con- 


verter gas condenses to water, and, since the 
reactioU 2 N 0 -(- 02 = 2 N 02 requires time (see 
p. 5204) hardly any nitric oxide is oxidised at 
this stage. TMs separation of water by cooling 
before the gas enters the absorption system is 
an important feature of all modem ammonia 
oxidation processes (Partington and Rideal, 
B.P. 131942, 1918; J. R. Partington and 
L. H. Parker, “ The Nitrogen Industry,” Con- 
stable, 1922, p. 288; Triggs, B.P. 336233, 1929; 
Frischor, B.P. 363436, 1929 ; Prank and Caro, 
B.P. 337847, 1929; P.P. 748365, 1932). The 
gas may be further dried by sulphuric acid 
(Partington and Parker, op. cit., p. 294; 1.6. 
Farbenind. A.-6., B.P. 284839, 1927; Karta- 
chev and Zeitlin, Ukrain. Chem. J. 1930, 5, 
267). Cooling in a tower with water-cooled 
aluminium helices (Krase, Chem. and Met. Eng. 
1926, S3, 674), which removes less than 1% of 
oxides of nitrogen, may be used, and other 
methods, such as the use of silica gel, for removal 
of residual water vapour could be used in cases 
wliere the converter gas is to he treated other- 
wise than by water absorption (see p. 676o). 

The weak acid condensate from the coolers at 
Hochst is put down the fifth absorption tower 
in a set of eight. The gas leaves the coolers 
at 30° through four pottery mains 1 ft. in dia- 
meter, joining to a single brick chamber at the 
base of each set of eight towers attached to 
56 converters. Secondaty air necessary for 
conversion of nitric oxide to nitric acid in the 
towers is admitted at this point, as any un- 
necessiiry excess of oxygen must be avoided in 
the coolers. 

The towers are 41 ft. high and 21 ft. in dia- 
meter internally. The walls comprise three 
layers of brickwork, the outer layer of bricks 
6 by 4 in., set in a mixture of sodium silicate 
and kieselguhr. The top of the tower is slightly 
domed, and there is a central partition in each 
tower, the gas passing up one side and do^vn the 
other, and then going to the next tower through 
a brick channel at the base. The towers are 
packed with stoneware rings. The total internal 
volume of all the towers is 35,320 cu. ft., which 
amoimts to only 81 cu. ft. per lb. of NO 2 
absorbed per minute, as compared with 1,600 
cu. ft. as used at the PVench works at Bassens. 

The result of this small tower capacity is 
clear when it is found that at Hochst no less than 
25% of the oxides are absorbed as nitrate by 
saturated sodium carbonate solution fed to the 
last two towers. The liquid in the first of these 
towers is allowed to become acid, so that the 
nitrite is converted into nitrate, whilst that in 
the second is kept alkaline, to absorb the oxides 
of nitrogen driven out of the first when con- 
version into nitrate occurs (see p. 5746 ; Parting- 
ton and Rideal, B.P. 131942, 1918). The solu- 
tion of nitrate is evaporated by the waste heat 
of the converters. The remaining towers are 
fed with water for the production of nitric acid. 
The efBciency of the absorption plant is 97%. 
Acid of 50% strength is obtained from the first 
tower of the series, the liquid being circulated 
in the towers by 8-in. chrome-steel centrifugal 
pumps, each fed by a 3-4-in. pottery main and 
delivering through a silicon-iron pipe of the 
same diameter to the top of the tower, two 
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delivery pipes being used to each tower. The 
metal pipes are coned and fitted in the same way 
as the pottery pipes. Acid distribution _ is 
effected at the top of the tower by a revolving 
ribbed disc, turned by a gear shaft at 80 r.p.m. 

The acid from the towers passes to the coolers, 
consisting of S-pipes of silicon-iron cooled 
externally with water. There arc also inter- 
coolers between each pair of towers except the 
last the temperature being kept ns low ns 
possible, 25°o. in winter and 40°o. in summer. 
In summer iced water is used in the coolers. 
Large stoneware receivers placed above the 
coolers serve as acid reservoirs. The circulation 
in each tower is 110 gallons per minute ; the loss 
of acid in the whole system docs not exceed 2%. 

Twelve stock tanks of brickivork, each hold- 
ing 1,412 cii. ft., receive the tower acid, from 
the receivers at the base of the towers, through 
tapered pottery pipes. No fan is used with the 
towers. _ , 

The tower acid is concentrated bj' mixing 
1 part of 60% acid with 7 parts of sulphuric 
acid, in five mixing vessels with mechanical 
stirrers, and then denitraling. About 42,000 
tons of sulphuric acid arc used per month, but 
practicall}’’ all is recovered. (In France, 2*5-.3 
parts of sulphuric acid only were used, but the 
nitric acid obtained was of 85% strength, a.s 
compared with a more concentrated acid ob- 
tained at H6chst.) The nitric acid is recovered 
partly in two rows of nine silicon-iron towers, 
4 ft. in diameter and 25 ft. high, and partlj* in 
stone towers, with cast-iron pipe jackets, 35 ft. 
high and 3 ft. 6 in. in external diameter, the 
walls being 9 in. thick. Steam at 150®c. is 
introduced at the base by a 1-in. lead pipe just 
above the exit for the denitrated acid. The 
nitric acid vapour from the top of the denitrator 
passes to a cooler of S-shaped silicon-iron pipc-s. 
The acid to be denitrated enters half-way down 
the cooler, and acid from stock is sent down the 
upper part to assist condensation. Oxides of 
nitrogen are removed from the nitric acid by a 
current of air and recovered in twenty absorp- 
tion towers. The completely denitrated sul- 
phuric acid is cooled in a water-cooled cast-iron 
cooler and collected in a largo lead-lined lank 
of artificial stone. It contains about 70% of .sul- 
phuric acid, and is reconcentrated in a Kc.sslcr 
apparatus or in Hoenig’s modified Pauling 
apparatus (Z. angew. Chom. 1921, 34, 108, 173). 
The latter is said to bo vorj” ofiioient. (In 
French practice, a donitrating column 20 ft. 
mgh and 18 in. in internal diameter produced 
6-8 tons of nitric acid per day with an overall 
^eld of 85-87% on the ammonia burnt in the 
Ostwald type catalysts. The consumption of 
IS sulphuric acid was 

^ of nitric acid produced.) 

ihe ammonia oxidation convertors installed 
at Mi^cle Shoals are of an obsolete tjmo, but 
the absorption system is of interest. 

j-he cooled gas at 30° passes to t-welvo oxida- 
tion towers, 15 ft. square, of chemical brickwork, 
by two walls into four 

do^ dividing waU, 
"ext compartment, up the ne.xt com- 
P ) and doivn the last. TJic almost fully 


oxidised gas now passes to 24 absorption towers, 
36 ft. square and 60 ft. high, of brick, divided 
into four compartments ns before. The first 
tower of each unit of two is half packed with ■ 
G-in. spiral stoneware rings and half with 3-in. 
spiral rings. The second tower is complctol}’- 
packed with 3-in. rings. Water is eirculatcd in 
counter-current to the gas and 60% acid is 
recovered from the towers. The acid is pumped 
by airlifts, each single stage, throwing 50 gallons 
of acid per minute. One lift is provided for 
each compartment, or 96 in all with 24 spares 
(Oliphant, Chem. Met. Eng. 1920, 22, 408). 
To accommodate these lifts are 120 iron wells, 
12 in. in diameter and 100 ft. deep. The lifts 
con-sist of 3-in. aluminium pipe with silicon-iron 
flanges. The towers stand in aluminium saucers. 
(Tho renewal of thc.se after corrosion must 
present a diflicult problem.) Air at 100 lb. 
pres-stire is supfdicd In’ a 1-in. j)ipc, and the 
acid in each well section is cooled by water 
flowing in the well, llctwccn tho two towers 
of each unit is an aluminium fan. and after 
the second tower a similar fan exhausts tho 
residual gas to the free air. The compressed air 
from the lifts is also discharged into the free air, 
which must eatiso considerable lo.'-s of oxides of 
nitrogen and acid spray. The tower acid passes 
to twelve aluminium weighing tanks on scales, 
and is discharged to twelve storage tanks of 
acid-brick and concrete, from which it is run off 
1)3’ a 3-in. aluminium siphon. When operating 
at full capacitj’ the plant produces 2S0 tons of 
nitric acid per daj’. 

Sj'nthctic nitric acid (free from chlorine) 
maj’ bo distributed in aluminium or chromium 
steel containers (Anon., J.S.C.I. 1030, 49, 
1040n). 

Catalysts other than Platinum. — 
Man}’ catnl^vsts other than platinum or platinum 
alloys have been proj)o.«ed and used. Man- 
ganese dioxide was first used bj' Milner in 1788 
(p. 562c), and chromium oxide and chnunates 
were proposed at an earlv date (Aubertin, R.P. 
IISI, 1871 ; cf. Goold-.-\dnms, I’artington, and 
Ridcal, B.P. 126710, 1917). 

Other cnfnl 3 'sts include manganatos, per- 
manganates, dichromates, and alkali jdumbites 
(du Motn 3 ’, B.P. 491, 1871 ; Schwarz, Dinglers 
Polytcch. J. 1875, 218, 219), which are fairl 3 ’ 
efllcient but act Etrongl 3 ’ on containing vessels 
at tho high tempcrature.s required. In all cases, 
a higher temperature is required than is neces- 
saiy’ with platinum, and tho cntal 3 ’st must bo in 
thicker lo 3 ’cr 8 . Tho chcapne.ss of the oxide 
catalysts, and tho fact that tho 3 ’ are Ic.ss sus- 
copliblo to poisons than platinum, are points 
in their favour. 

Various catal 3 ’ 8 ts, including oxides, wore 
investigated by liicninghini (Gazzotta, 1912, 
42, i, 126; 1913, 43, i, 81), Roinders and Cats 
(Chem. Weekblad, 1912, 9, 47), I^laxted (J.S.C.I. 
1917, 36, 777), Neumann and Jloso (Z. angew. 
Chem. 1920, 33, 41, 61, 845), Scott (Ind. Eng. 
Chem. 1924, 16, 74 ; Scott and Leach, ibid. 1927, 
19, 170), and others. 

Copper has been proposed ns a cntal 3 ’st 
(Mnrston, B.P. 19074, 1900) but probnbl 3 ’ nets 
onl 3 ’- -when oxidised, and oxidised nickel has 
some small catalytic activity. Tho Farbonfabril: 
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vorm. F. Rayer (R.P. 18594, 1903) passed, 
ammonia and air at 660—700° over a catalyst of 
iron oxides and promoters, the Badisohe Co. 
using oxides, e.g., of the iron group, in the form 
of lumps or pieces (B.P. 13687, 1914 ; 7651 and 
13298, 1915). Goold-Adams, Partington, and 
Rideal (B.P. 126716, 126716, and 135224, 
1917) used suitable mixtures of metallic oxides 
which can be pressed into pastilles or extruded 
as rods. Oxide of iron promoted by bismuth 
oxide (Badisohe Co., B.P. 13848, 1914), tel- 
lurium {idem, B.P. 13297, 1915), platinum, 
and lead (idem, B.P. 13297 and 13298, 1915 ) ; 
cerium and thorium oxides (Frank and Caro, 
G.P. 224329, 1907), plumbites of aluminium, 
zinc, or cadmium (Jones, Morton, and Terziev, 
U.S.P. 1037261, 1912), lead oxide supported on 
bone-ash, at 1,000° (Parsons, U.S.P. 1239125, 
1917), cobalt oxide and 3% of bismuth oxide 
(Bray, U.S.P. 1918957, 1933), cobalt vanadate 
(Ellis, U.S.P. 1558598, 1925), zeolites (Selden 
Co., B.P. 313153, 1928 ; Jaeger, U.S.P. 1896627, 
1918038, 1926099, 1933), cobalt and aluminium 
oxides (General Chemical Co., G.P. 350157, 
1920) and similar mixed oxide catalysts, have 
been proposed (c/. 0. Kauscb, “ Die Kontakt- 
stoffe der katalytische HersteUung von Schwefel- 
saure, Ammoniak und Saltpetersaure,” HaUe, 
1931, pp. 122 et seg., 185 et seq . ; S. J. Green, 
“ Industrial Catalysis,” Benn, 1928, pp. 130 
et seq., 147 et seg. ; H. A. Curtis, “ Fixed Nitro- 
gen,” Chemical Catalogue Co., New York, 1932). 

A catalyst composed of silica, alumina, 
chromium oxide, and a small amoxmt of cobalt 
nitrate induces quantitative oxidation at 710° 
(Adadurov and Atroschtsohenko, J. Appl. 
Chem. Russia, 1933, 6, 1029). Nickel gauze 
(including platinised nickel) has been tried 
(Adadurov and Prozorovski, ibid. 1935, 8, 
1321). 

A two-stage oxidation, first with platinum 
at 550° and then with iron-bismuth oxides 
(20% BijOg) or iron-cobalt oxides, is said to 
economise in platinum (Epschtein and Tkat- 
sohenko, ibid. 1938, 11, 731). 

In aU cases where nitric oxide and unoxidised 
ammonia are in contact, however, e.g., in the 
interspace between two catalyst masses, there is 
a possibility of loss of fixed nitrogen by the 
reaction : 

6N0-l-4NH3=5N2-b6H20 

(Gay-Lussac, Ann. Chim. Phys. 1816, [ii], 1, 
394), which is complete only at a high tempera- 
ture (Baxter and Hickey, Amer. Chem. J. 1905, 
S3, 300). 

The Bayer catalyst, ferric oxide with up to 
10% (or more) of bismuth oxide, is one of the 
best of this type but has the disadvantage that 
the bismuth oxide slowly volatilises in use. A 
plant using it was operated at Leverkusen. 

The ammonia gas is passed through a small 
balancing gasholder of 600 cu. ft. capacity into 
a large holder of 1,000 cu. m. capacity with an 
indicating dial. A mixttue of air and ammonia 
containing 7-8% of ammonia is driven by 
separate centrifugal blowers to the converters, 
the air being filtered through cloth. Venturi 
meters control the mixture. The air passes 
through a eylindrical tubular heat exchanger 


(B.P. 145059, 1920), 12 ft. by 12 ft., in counter- 
current to the hot converter gas, leaving by an 
18-in. pipe, a 6-in. by-pass being also provided. 
The ammonia is not preheated, but passes by 
a 4-in. pipe to a mixing chamber between the 
exchanger and converter. This mixing chamber 
in some cases consists of an inclined cone 3 ft. 
long and 4 ft. in diameter, the hot air entering 
the base and the ammonia and cold by-passed 
air tangentially. The mixture passes to the 
converter at 300-360°. 

The converters are sheet-iron cylinders lagged 
externally and lined with bricks, 15 ft. high and 
12 ft. in external diameter. They formerly had 
an axial tube 3 ft. in diameter, serving to convey 
cold air to equalise the temperature of the 
catalyst, but in the newer types, which have a 
diameter I3 that of the older, this axial tube is 
omitted. The catalyst layer is deep, so that the 
time of contact is much longer than with 
platinum. There are first about 10 in. of fine 
granules resting on coarser granules on a per- 
forated refractory plate. The gas passes up- 
wards through the catalyst. The diameter of 
the catalyst granules varies from 6 to 10 mm. 
The diameter of the catalyst bed in the older 
type was 9 ft., the drop of pressure across it 
being about 10 cm. of water. The temperature 
of the catalyst is about 760°O. The average 
capacity of the older units was 4,600 kg. of 
ammom'a per day ; the new converters have a 
capacity of 15,000 kg. per day. The capacity 
of the whole plant is 6,000-7,000 tons of nitrate 
per month, rvith an overall efficiency of 80-85%. 

The absorption plant consists of three dis- 
tinct units. These effect absorption in sodium 
carbonate, in water, and in sulphuric acid, 
respectively. 

In the alkaline absorption section, each con- 
verter is connected with six towers, the first a 
small rectangular stone tower 12 ft. high and 
3 ft. wide, acting mainly as a cooler. The 
second tower is cylindrical, 30 ft. high and 8 ft. 
diameter, of steel plates. The third tower is 
rectangular, of volvic stone, and 30 ft. high, 
whilst the remaining three towers are like the 
second. There are twelve rows of these towers, 
the gases from which pass by a common main 
to a 60-ft. tower 20 ft. in diameter, through 
which they are drawn by a fan. Saturated 
sodium carbonate solution is supplied to the 
tops of the first, second, sixth, and seventh 
towers, and drains to a granite tank, from which 
it is pumped to the top of the fourth tower, 
which is run slightly acid so as to cause con- 
version of aU nitrite into nitrate (see p. 6726). 
From this tower the sodium nitrate solution 
leaves by a 4-in. main. 

In the water absorption section the gas from 
the converters is brought by a 3 ft. main to six 
brick towers, 40 ft. by 12 ft., arranged m three 
rows of two and packed with broken quartz. 
From these the gas passes through a rectangular 
brick flue, 6 ft. by 3 ft., to twelve brick towers, 
60 ft. high and 13 ft. in internal diameter, the 
walls being 2 ft. thick. After being drawn 
through these towers by a fan the gas is dis- 
charged to the free air through a 3-ft. iron pipe. 
Water is fed to the last tower and circulated 
forward by centrifugal pumps. When the acid 
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reaches the bottom of the fourth tower in the 
series of twelve it is cooled between successive 
towers and finally roaches a concentration of 
40-50% nitric acid. . 

The plant for absorption m sulphuric acid 
consists of six steel towers, 40 ft. high and 8 ft. 
in diameter, the acid being cooled in coils 
between each pair of towers through which it is 
circulated. Nitric acid is recovered by distil- 
lation, although steam must be added. The 
results were not satisfactory on account of 
the diflSculty of recovering nitric acid from the 
liouid after absorption. 

LG. Farbenind. A.-G. (B.P. 49889S, 1937), 
specifies treating converter gas with nir_ or 
o.xygen to convert nitric oxide to the dioxide, 
concentrated nitric acid being added at the end 
to assist o.xidation. The gas is dried by cooling 
and silica gel, and absorbed in 95% sulphuric 
acid, the nitric acid formed being distilled off 
at above 100° under reduced pressure. Dilute 
nitric acid is then added to expel oxides of 
nitrogen from the sulphuric acid, these being 
oxidised and retreated, and the residual sul- 
phuric acid denitrated. Du Pont do Nomoiira 
(U.S.P. 2139721, 1938) feed preheated con- 
centrated sulphuric acid and dilute nitric acid 
to the top of a tower at 110° and introduce 
sulphur trioxide near the base of the tower, 
when 95% nitric acid distils, and the sulphuric 
acid leaving the base of the tower is enriched 
Avith sulphur trioxide. 

Oxidation of Ammonia with Oxygen. 
After the introduction of the multiple platintiin 
gauze catalyst by Kaiser in 1910 (p. 503c), the 
next notable adA-ance in the oxidation of am- 
monia was the use of oxj’gcn instead of air. 
Pure oxygen and ammonia form a violently 


oxplosiA’c mixture until the oxygen ratio c.xcccds 
3-5 vol. to 1 vol. of ammonia (Partington and 
Prince, J.C.S. 1924, 125, 2018). A successful 
method of obviating the oxplosiA'C properties of 
the mixture was first protected in 1921 (Parting- 
ton, U.S.P. 1378271, 1921 ; J. R. Partington 
and L. H, Parker, “ The Nitrogen Industry,” 
Constable, 1922, p. 32G), and is applied in 
modem tcchiu'cal processes of ammonia o.xida- 
tion, the many other subsequent proposals, 
including cooling of the catalyst zone, etc., 
having been unsucce.ssful or unsuitable for 
technical AA'orldng. The basis of the process is 
to replace the diluent nitrogen in atmospheric air 
bj’ steam, a suitable mixture of ammonia gas, 
steam, and ox3'gon being passed through a 
platinum gauze catalj’st in an ordinarj'^ con- 
verter. If an cxcc.ss of oxj-gen, sufficient to 
form nitric acid AA-ith the nitric oxide, is used, 
the converter gas may be condensed to nitric 
acid bj* simple cooling, no absorption loAAcrs 
being nccessarj'. A suitable iiroportion of 
steam is obtained b}’ volatilising conrontrated 
ammonia solution'(p 0-88) in a current of oxj’gcn. 
The process may also bo worked AAitli air en- 
riched AAdth oxj’gcn, a suitable amount of steam 
lieing n<ldod, but unless an ox\'gon-rich gas is 
used absorption tOAAcrs aaIII bo necessaiy. A 
feature of the o.xj’gcn process is the high rate of 
couA’cnsion. 

A comparison of the sizes and outputs of 
various types of platinum gauze converters is 
giA'on in the folloAving table. The.ec re.sults Avero 
all obtained h}' the AA-ritcr in long runs under 
various conditions, Avith converters of cross- 
section 4 in. hj' (! in., I'.c., fulbsized tochnicnl 
units. For compari.son, the OstAvald typo is 
given first. 


Type of converter. 

Catalyst. 

i 

SIctliod oriicatlnp. 

Conversion 

cnidciicy, 

O' 

«»• 

Output kg. 
HNOj per g. 
Piper 2 J Imurs. 

OstAvald . . . 

Trank-Caro . . 

Kaiser . . . 

Partington . . 

Partington AvIth 
oxygen. 

Platinum foil. 

Single platinum paurc. 

4 superposed platinum 
g.auzes. 

2 platinum pnuzc.s sllplitlv 
separated. 

2 platinum gauzes la con- 
tact. 

IlCKcncrnlI\-c. 

Klcctrlcal. 

Prclicntlng of pasc.s. 

Klcrlrical or prclirnting of 
pasc.s. 

Gasc.s+Bteam prcliontcil to 
500-000°. 

OO-P.'l 

00-03 

05 

05 

OS-00 

1-7-2 

11 

12 

10 

21 


The loss of platinum (2-4 g. per ton of nit 
acid) is said to bo higher in the stcara-oxj’G 
process with a mixture of NH3 16, O, 30, a 
HjO 55 vol.- %, but the oxporimonts aas 
™ j ® gauze temperature (90i 

(Adadurov, Astroschenko, and Konvissor, 
Appl. Chem. Russia, 1930, 9, 1745). T 
normal loss has been given ns 100 mg. per t 
° TT (Bigurovski, idl'd. 1930, 9, 37). 

nder certain conditions, mixtures of air a 
a^oma may be explosive (Schlumborgcr a: 
Rotrowsky J. Gasbeleucht. 1914, 67, 94 

E ^^26, 127, 4 

fnd 1^14, 88, 613 ; 

Jorisson ai 

Some alternatives to the steam process avIu 


have been propo.sed mav be mentioned. Cc<lcr- 
berg (B.P. 244134, 1925; G.P. 531915, 558433, 
1932) described a converter of chrome-nickel 
steel AA’ilh a narroAv reaction .sxiaco so that a gas 
ln3'cr is formed sullicienth' thin to prevent 
explosion, the platinum gauze or sheet being in 
this space. Yco (Ind. 1‘hig. Chom. 1929, 21, 
1024) described a Avntcr-cooicd aluminium con- 
verter. lAljenroth (F.P. 010010, 010100, 1920) 
oxidised in stages, cooling the gas betAA-een the 
stages. A mixture of 9 parts of ox3’gen and 1 
part of ammonia mn3’^ also bo passed through 
successiA’o convertors, Avith cooling and addition 
of further ammonia botAveon each. Interaction 
of nitric oxide and ammonia is said not to occur 
(sec p. 6706), and the final gas ma3' contain 60% 
of nitric o.xido (Bndischo Anifin- u. Soda-Fabr., 
B.P. 241136, 1925). 

Ammonia oxidation under increased pressure 
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(which, theoretically, should act unfavourably 
on the equilibrium yield) has been worked by 
the Du Pont Go. at Repauno, N.J. (Taylor, 
Chilton, and Handforth, Ind. Eng. Chem. 1931, 
23, 860) ; under 7-8 atm. an increase of 8-10% 
in acid concentration is obtained, with higher 
power cost but only half the initial cost as com- 
pared with normal pressure (c/. Chem. Age, 
1931, 25, 568; Pauling, B.P. 334448, 1929; 
Synthetic Ammonia and Nitrates, Ltd., and 
Greathouse, B.P. 221513, 1923; Libinson, J. 
Chem. Ind. Moscow, 1929, 6, 8; Maliarevsky 
and Papkov, ibid. 1928, 5, 682). Fauser (Chim. 
et Ind. 1931, 25, 556 ; Chem. Met. Eng. 
1930, 37, 604) states, however, that the con- 
version efficiency falls to 91%, and the life of the 
catalyst is reduced, by operating under increased 
pressure, so that the pressure must be applied to 
the oxidised gas (p. 5766). 

Absoeption of Oxides of Niteogen. 

The production of nitric acid by bringing gases 
containing oxides of nitrogen and excess of 
oxygen in contact ivith water is a process which 
can, and has, given rise to great technical diffi- 
culties unless the mechanism of the reactions 
is fully appreciated. It is completely difierent 
from the relatively simple problem of absorbing 
a single gas in a liquid, such as hj'drogen chloride 
in water, or sulphur trioxide in concentrated 
sulphuric acid, when the only concern of the 
plant designer is to provide adequate absorption 
surface and cooling. 

Nitric oxide, N O, the first product of the arc 
and ammonia oxidation processes, is practically 
insoluble in water, and the first step in the 
absorption process is to convert it, by spon- 
taneous oxidation in the gas phase by excess 
of oxygen (which may be in the form of air), 
into nitrogen dioxide, NOj, by the reaction 
2N0-t-02=2N02. The' kinetics of this ter- 
molecular reaction are fully and quantitatively 
Imown (p. 620a), so that the many speculations 
on it which have been made, and stiU appear, 
are pointless. With dilute gases the reaction 
is rather slow, and adequate gas space must 
be provided. The problem is, however, greatly 
complicated by the fact that, when the oxidised 
gas is brought in contact ivith water, nitric 
oxide is again formed by the reactions : 

2N02-l-H20=HN02-t-HN03 

3HN02^ HN 03 -f 2 N 0 -f HjO, 
and free space for its re-oxidation is again 
required. The effect is that, unless the absorp- 
tion system is scientifically designed, it becomes 
very large, expensive, and inefiSeient. Any 
attempt to bring about rapid absorption by 
exposure of a large surface without adequate 
empty oxidising space merely produces a liquid 
containing nitrous acid and nitrous anhydride 
(2HN02^ NgOg-l-HgO), "which on agitation 
or exposure to air emits nitric oxide, only a 
dilute acid remaining. With increasing con- 
centration, the nitrous acid becomes unstable, 
the greater part being eliminated. As the con- 
centration of nitric acid increases, however, the 
nitrous acid tends to be retained and partly 
converted into NOg in the liquid, so that the 
progress of the absorption reaction becomes still 


more complicated (see HaU, Jacques, and Leslie, 
J.S.C.I. 1922, 41, 285t ; Pascal, Mem. Poudres, 
1924, 21, 1 ; H. W. Webb, “ Absorption of 
Nitrous Gases,” Arnold, 1924; J.S.C.I 1913, 
50, 128t ; Trans. Inst. Chem. Eng. 1929, 7, 108; 
Elukhen, Khiniistroi, 1933, 5, 2203; Henneli 
Chim. et Ind. 1933, 29, 786, 1042; Brauer,' 
Reitstotter, and Siebenreicher, Angew. Chem. 
Chem. 1932, 45, 727 ; A. Cottrell, “ Manu- 
facture of Nitric Acid and Nitrates,” Gurney 
and Jackson, 1923). 

Bodenstein and Lindner (Z. physikal. Chem. 
1922, 100, 68) found for the velocity coefficient 
h of the reaction 2N0-1-02=2N02 (units g. 
mol. per 1. and minutes) : 

Temp., °C. .0 30 60 90 141 

iXlO'S . . 2-09 1-59 1-31 1-12 0-925 

Temp., °a. . 197 241 291 340 389 

iXl0-‘ . . 0-791 0-724 0-681 0-659 0-649 

and Bodenstein and Ramstetter (see Bodenstein 
and Lindner, l.c.) for the reaction 

2N02=2N0-(-02: 

Temp., °c. . 319 330-6 354 378-6 383 

k ... . 61-0 90-6 204 485 668 

The equilibrium N204 ^2N02 was found 
to be given, between 9° and 116°c. by the 
equation : 

log (PB02/pN804)=-2,692/T-t-l-75 logT 

4-0-00483T-7-144X 10-'’T2+3.062 

and the equilibrium 2N02^2N0+0g be- 
tween 220° and 660°o. by the equation : 

log (p^oPog/pNOg)=-5,749/T-l-l-76 log T 

-0-00050T-f2-839 

with p in atm. 

The absorption towers for the dilute gases 
formed in the arc process are very large. At 
Rjukan there are 32 granite absorption towers, 
each 34 m. high and 7 m. in diameter, and 
weighing 2,400 tons. 

In the Legnano works of Rossi, using the 
Pauling process, there is an empty oxidation 
tower of 70,620 cu. ft. capacity, five acid towers, 
each 65-6 ft. high and 16-4 ft. in diameter, and 
four iron alkali towers, each 72 ft. high and 11 -5 
ft, in diameter. The strongest acid is 23-25% 
H N O3, and 20% of the absorbed gas is recovered 
in the allcali towers. The loss is only 1%. 

The enormous towers used in arc process plants 
were, however, inefficient on account of tm- 
scientific design. 

Experiments by Prof. Pascal at AngoulSme 
showed that three towers, 18 in. in diameter 
and 16 ft. high, with scientific arrangement, 
effect the same absoip)tion as one of the usual 
granite towers 60 ft. high, weighing 260 tons 
and costing £4,000. 

The absorption towers used for ammonia- 
oxidation gas at Angouleme (P. Pascal, “ Traits 
de Chimie Minerals, ” Masson, 1932, Vol. Ill, 
p. 744) were 12-5 m. high and 4-15 m. in internal 
diameter, with an 8-m. column of paoldng and 
an internal exit pipe 35 cm. bj' 70 cm. reaching 
to 20 cm. of the top. The packing left 63% of 
free space and exposed a surface of 27 sq. m. per 
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cu. m., or 2,700 sq. m. in each tower. The acid 
circulation was 16 cu. m. per hour. The gas 
velocity was 7 cm. per sec. Tho concentration 
of oxides of nitrogen in tho gas, expressed in g. 
of nitric acid per cu. m., and the concentration 
of the hquid acid in the seven absorption towers 
producing 10 metric tons of nitric acid as 20 tons 
of 60% acid, are given in tho table. Tho iiutial 
concentration of the gas was 210-230 g. of nitric 
acid per cu. m. 

Tnirpr 1 2 3 ^ 

GMConcii . 198-175 192-162 149-80 „ 

Add conon. . 63-9-48-5 49-5-41-5 41-5-32-5 32-O-20-2 


Tower . . 

Gas conen. . 
Acid conen. . 


5 C 

41-13 19-7 

20-2-10'7 10-7-5-5 


/ 

11-1 

5-6-0 


If the temperature rose, tho acid concentration 
in the first tower was soniotimos a liltlo smaller 
than that in tho second. Aluminium tube coolor.s 
were interposed in the acid circuit. I'lic loss in 
unabsorbed gas varied from 0-5-5%, usually 
2-3%, and oven 1% with good cooling. A com- 
parison of tho efficiency of tho last three towers 
with the Norwegian granite towers is given ; 

Towers 5, G, XorwcRian 

and 7. towers. 


Number of towers 
Total useful volume . 
Total empty space 
Time of contact (min.) 
Circulation per hour 
per sq. m. . . . 

HNOj condensed . . 

HNO 3 condensed per 
cu. m 


3 4 

330 cii. in. 2,400 cii. in. 

200 cu. in. 1,200 CII. in. 

13 3 


0-5-1 CU. in. 0-3 cu. in. 

760 kg. 12-10 metric tons 


2-25 kg. 5-0-25 kg. 


The absorption system at Hochst is described 
on p. 668c. 

Many papers dealing with tho flow of liquid 
and gas through a packed tower have appeared 
(Scott, Trans. Inst. Chem. Eng. 1935, 13, 211 ; 
Hickson and Scott, Ind. Eng. Chora. 1935, 27, 
307 ; Baker, Chilton, and Vernon, Trans. Amer. 
Inst. Chem. Eng. 1935, 31, 290 ; Mayo, Hunter, 
and Nash, J.S.C.I. 1935, 54, 375t; Tour nnd 
Lerman, Trans. Amor. Inst. Chem. Eng. 1939, 
35, 709). Tho theory of towers for absorbing 
oxides of nitrogen is less advanced (Partington 
and Parker, J.S.C.I. 1919, 38, 75t; 192-1, 43, 
52t ; Taylor, Chilton, nnd Handforth, Ind. Eng. 
Chem. 1931, 23, 8G0 ; Chambers nnd Sherwood, 
ibid. 1937, 29, 1415 ; ICiritschonko and Hon- 
kovsM, Ukrain. Chem. J. 1930, 11, 304; H. W. 

of Nitrous Gases,” Arnold, 

The efficiency of a tower system will depend 
on three factors : 


and complelcness of absori 
This may be specified by tho weight c 
soluble gas extracted per min. per cu. ft. c 
^^9 overall porcentnj 

Th^'o '^'2 solution producci 

thponof^ of considerable importance, sim 
3QC/ storing, and concentratiii 

60% TdT 

liTSf -”1, '^°fP^^‘sness of absorption.- 
in «»trogen dioxide nbsorbe 

Pr2e?nf oa the parti, 

pressures of nitrogen dioxide and oxygon in tl 


gas, tho concentration of the acid used for 
absorption, tho temperature, tho turbulence of 
the liquid nnd of the gas, tho amount of oxida- 
tion space allowed for tho nitric oxide produced 
during tho absorption, nnd tho rate ot renewal 
of liquid surface, i.c., the acid flow through tho 
tower. Values of tho ab.sorption coefliciont arc 
given by Partington nnd Parker ((.c.). The 
dependence on tho partial pressure of nitrogen 
dioxide is shown by tho following figures : 




Cu. ft. gross tower 

Gas. 

% NOj in R.is. 

sp.scc per lb. of 
NOj per min. 

Arc .... 

1 

5,000 

Denitrntor . . 

21 ) 

200 


The dcpcndonco on the strength of acid used 
for absorption is npproximntcly ns follow.s : 


% strength of 

Itatc of 

acid. 

abiorptlon. 

0 . . 

. . 1-00 

to . . 

. . 009 

20 . . 

. . O-O.'i 

30 . . 

. . 0-90 

40 . . 

. . 0-SO 

50 . . 

. . 0-70 

CO . . 

, . 0*55 

cr> . . 

. , 0-32 

OS . . 

. . 000 


(Foerster nnd Koi h, Z. nngew. Chem. 1908, 21, 
2101, 2209; Ridenl, J. Ind. Eng. Chem. 1920, 
12, 531 ; Foerster, Ilurclmnlt, and Frickc, Z, 
nngew. Chem. 1920, 83, 113, 122, 120; Hall, 
Jacques, nnd Ix'.slie, J.S.C.I. 1922, 41, 2S5 t; 
Pascal nnd Decarrit-rc, in P. Pascal, " Triitc^ do 
Chimio MiniSrnle," Mn.sson, 1932, Vol. Ill, 
p. 750). There is cviticnco of a maximum speed 
of absorption in 10% acid. 

Klimination of Nitrous .'Ictd. — ^The primnrj' 
reaction in the absorption is the formation of 
ono molceiilo enrh of nitric nnd nitrous acids: 
2N0;-(-H,0n=HN0;4-HN03. Tho climina- 
tion of tho nitrous acid from tho liquid now 
follows ; tho final acid rnrcl}* contains more than 
about 0-3% of nitrous acid. 

Tlio exact mode of elimination of tho nitrous 
aciil has boon difTcrently c.vplnincd. 

1. The nitric oridc theory. According to this, 
tho nitrous acid docomiioscs reversibly according 
to tho equation : 

SHNOj HN 03 -b 2 N 0 -l-Hj ,0 

(SaposchnikofF, J. Russ. Phj’s. Chora. Soc. 1900, 
32, .375; 1001, 33, 500; l^wis nnd Edgar, J. 
Amcr. Chem. Soc. 1911, 33, 292; Burdick nnd 
Freed, ibul. 1921, 43, 518; Abel ci ah, Z. 
physiknl. Chem. 1928, 182, 55 ; 134, 279 ; 18D, 
135, 410, 4.30; 1930, 147, G9; 148, 337; 
Kloinonc, Alfons, nnd Haj'ck, Z. nnorg. Chem. 
19.30, 18(5, 187; Klomonc nnd Rupp, ibid, 1030, 
194,51; Bode, i6i<f. 1931, 195, 201 ; Podhorsky, 
Archiv. Hem. Farm. 19.32, 6, 187). 

Iajwus and Edgar found at 25° 

A'=[HN02]3/[H-][N03']=0-02G7, 
but later ■workers found that tho reaction is 
more complex than that formulntod. Tlio 
value of K at 25° is approximately 0-033 but 
depends on tho ionic strength (particularly tho 
HNO3 concentration) in a know-n waj'. 
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In presence of nitric oxide gas this reaction 
reaches an equilibrium with nitrous and nitric 
acids present together in the solution. In 
actual tower practice, however, there is an excess 
of oxygen and of indifferent gas. Both factors 
tend to reduce the nitrous acid concentration 
in the solution; the first by removing the 
supernatant nitric oxide, with formation of 
nitrogen dioxide which then re-dissolves, and 
the second by reducing the partial pressure of 
the nitric oxide. 

2. The volatilisation theory. Nitrous acid in 
aqueous solution above a certain strength 
exhibits a marked blue colour, owing to partial 
dissociation with the formation of N2O3 : 
2HNO2 ^ NjOg-pHjO. The NgOg tends to 
escape from the solution as NO and NOg. 

Klemenc and Poliak (Z. physikal. Chem. 1922, 
101, 160) found that the rate of decomposition 
of nitrous acid solution is mainly determined by 
the rate at which N O escapes from the solution, 
and is proportional to the H N Og concentration. 
The rate of decomposition is increased by 
passing carbon dioxide through the solution and 
by adtog other acids. 

3. The oxidation theory. In absorption towers, 
where excess of oxygen is present, the reaction 
2H N Og-f 02=2H N Og undoubtedly takes place 
in solution, and probably to a still greater extent 
in the Pohle lifts, where a very efficient churning 
together of the liquid and the air used for work- 
ing the lifts occurs. The use of oxygen instead 
of air in working the lifts would greatly increase 
this oxidising action (Farbw. vorm. Meister, 
Lucius, und Briining, B.P. 19032, 1911). 

Under average conditions the elimination of 
nitrous acid proceeds at a rate suflSoient to allow 
it to be neglected in considering the rate of solu- 
tion of the oxides of nitrogen. 

Oxidising Space in Towers. — ^Although some of 
the nitrous acid produced in the absorption 
towers is eliminated in solution by oxidation, 
the greater part reappears in the gas phase as 
nitric oxide, arising from the reactions : 

(а) 3N0g-i-Hg0=2HN03-f-N0 

(б) 2N0-p0g=2N02. 

Equation {a) appears to be the sum of two 
separate reactions, involving the intermediate 
formation of nitrous acid : 

2N02-i-H20=HN02-l-HN03 

3HN02=HN03-f-2N0-kH20. 

Reactions {a) and (b) constitute a cycle, in which 
out of three molecules of nitrogen ioxide taken, 
two are absorbed, and one remains for further 
absorption. One-third of the nitrogen dioxide 
therefore remains after each cycle. Thus, after 
four cycles, about 99% of the oxides are 
absorbed. 

The regeneration of nitrogen dioxide by re- 
action (6) is not, in ordinary tower practice, 
carried out vmder ideal conditions, because the 
first half of the oxidation of NO to NOg is 
much faster than the second (p. 5206), and the 
mixture of NO and NOg so formed is rapidly 
absorbed by water, with the production of 
nitrous acid ; 

HgO-f N o-h N Og ^ NgOg-P HgO 2 H N O 2 . 


The cycle of reactions, under these conditions, 
^vill now be as follows : 

(1) 3N204-p2H20=4HN03-f2N0 

(2) 2N0-Pi02=N0-f NOg 

(3) N0-)-N02-fHg0=2HN0g 

(4) 3HN02=HN03-p2N0-(-Hg0. 

It can be shown that, with these reactions, 
it is necessary to go through at least ten cycles 
to produce the same effect as with four cycles in 
which the gas presented to the liquid is fully 
oxidised NOg. This will very much increase 
the tower space required. Patents have been 
framed to obviate this by removing the gas after 
each contact with water, and allowing it to be 
fuUy oxidised before again bringing it into con- 
tact with water or acid (see below). It has also 
been proposed to use catalysts for the oxidation 
of nitric oxide, e.g., a cobaltic oxide gel at 300° 
(Klingelhoefer, U.S.P. 2115173, 1938) and 
vapours of iron pentacarbonyl (Ges. f. Linde’s 
Eismaschinen A.-G., G.P. 660734, 1933). The 
presence of chlorine in the gas is also said to 
accelerate the absoiption of oxides of nitrogen 
(H. W. Webb, “ Absorption of Nitrous 
Gases,” Arnold, 1924; J.S.C.I. 1931, 50, 128t; 
Trans. Inst. Chem. Eng. 1929, 7, 108) perhaps 
from the intermediate formation of nitrosyl 
chloride ; 

2NO-fCl2=2NOCI 
N0Cl-pH80 = HN02-pHCl. 

The actual conditions obtaining in towers are, 
however, more advantageous than would appear 
at first sight, for the foUowing reasons : (i) The 
oxidation in the free space will proceed beyond 
the stage NO-pNOg, (ii) opportunity for com- 
plete oxidation will occur in the connecting pipes 
between the towers. 

The complete oxidation of nitric oxide by 
atmospheric oxygen is slow in the case of dilute 
gases, and this reaction is the chief source of 
difficulty in all nitrogen fixation processes in 
which nitric oxide is the primary product (see 
p. 6726). It may be said that, for gas containing 
2% of nitric oxide, a time of contact of not less 
than 2 minutes is required for adequate oxida- 
tion before subsequent absorption. In this case 
90% of the NO will be oxidised to NOg (G. W. 
Todd, “ Physical and Chemical Data of Nitrogen 
Fixation,” H.M. Stationery Office, 1919 ; PhU. 
Mag. 1918, [vii], 35, 281, 435; Proc. Durham 
Phil. Soc. 1923, 6, 291). 

Mist Formation in Towers. — An important 
phenomenon which makes its appearance during 
the absorption of oxides of nitrogen in water is 
the formation of a white mist (c/. Chambers and 
Sherwood, Ind. Eng. Chem. 1937, 29, 1416), 
which is carried away by the inert gas passing 
through the towers, and appears in the exit gas. 
The mist consists of quite strong nitric acid in 
the form of droplets, which are formed as soon 
as the oxides of nitrogen enter the train of 
absorption towers, i.e., in the strong acid tower, 
and pass unaltered and tmcondensed through 
the remaining weak acid towers. 

In the absorption of gases from arc fmnaces, 
the gases coming from the water towers contain 
a considerable quantity of acid mist, which 
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normaUy passes into the soda towers and is there 
absorbed as sodium nitrate. H soda towers are 
not used, this mist escapes condensation, and 
even with soda towers the absorption is mcom- 
nlete. By means of electrical precipitation 
apparatus it is possible to condense the mist to 
35% nitric acid, i.e., acid corresponding with 

that in the first tower. w n ii 

In absorption-tower operation Wobb (l.c.) 
recommends an inlet temperature of 15-10 , 
and with rich gas the towers should bo cooled 
to remove the heat of oxidation of nitric oxide. 
Reactions in packed and unpacked towers arc 
regarded as different. Toniolo (Chim. ct Ind. 
1927 17, 546; Chem. Met. Eng. 1927, 34, 
92- ’b.P. 267721, 1926), Taj’lor (Ind. Eng. 
Chem. 1927, 19, 1260), Kaltcnbach (Chim. ct 
Ind. 1929, 21, 701), Libinsoii (J. Chem. Ind. 
Moscow, 1932, 9, No. 10, 66), and Bcrl (idid. 
No. 11, 44) also recommend cooling, and em- 
phasise the necessity of securing ns complete 
oxidation of nitric oxide ns possible (c/. .1. R. 
Partington and L. H. Parker, “ The Nitrogen 
Industry,” Constable, 1922, p. 326; Liischer, 
U.S.P. 1901816, 1929). There is some evidence 
that with very dilute gases, warming the tower 
liquid is advantageous (Ridcal, J. Ind. Eng. 
Chem. 1920, 12, 631). 

The use of acid-resisting steel coolers and 
absorption towers is becoming general; in 
America, steel with 16-19% of cliromiuni. lc.«s 
than 0d2% of carbon, less than 1% of silicon, 
and less than 0-4% of manganese, is used 
(klitchell, Chem. Met. Eng. 1928, 35, 7.31 ; 
Ind. Eng. Chem. 1929, 21, 442), although 
McQuigg recommends 20% of chromium. The 
welding and heat treatment of such .steels 
requires very special technique, otherwise rapid 
distintegration and corrosion of tlic joint.s ensue 
(Martin, Chem. Trade J. 1931, 89, 031 ; Lcvcrick, 
J.S.C.I. 1930, 49, 472; Hatfield, iiiV/. 1929, 48, 
1060; Donaldson, il/id. 1931, 50, 787; Becket, 
i6id. 1932, 51, 49; Matagrin, Chem. Met. Eng. 
1933, 40, 480). Absorption under iiicrc.nsed 
pressure is possible uith u=o of acid-resisting 
steel compressors and absorption vc.sscl.s. A 
chrome-nickel steel called V„j^ niotal, suitable 
for use with nitric acid, was introduced by 
Krupp A.-G. at Essen (B. Wacser and E. I'yle- 
man, “ Atmospheric Nitrogen Diduatry,” Vol. II, 
ChurchiU, 1926, pp. 074, 077). Acid purap.s, 
including centrifugal pumps, aro inado of tliis 
steel. 

PauMr (Chim. et Lid. 1931, 25, 666; Chem. 

Chem. Ago, 1932, 
‘ib, 368; Sander, Chem. Fabrik, 1932, 5, 412) 
oxides a mixture containing 11% of ammonia 
and ennehed to 22% of oxygon, without pre- 
eatmg, at atmospheric pressure, compresses 
e oxidised gas to 3-3'5 atm. by chromo-stccl 
tmbo-compressors, and effects absorption in 
nomontal acid-resisting steel cylinders, cooled 
water, with an empty upper 
in ®P^ice, the acid passing through them 

Unfitted U-pipes. The gas is 

a^tted through a perforated horizontal tube 

tSarth/r® surface, and bubbles 

05%. This process is 
Sluiskil, with a capacity of 120 tons of 


36° acid per day, and in addition to better 
efficiency it produces a stronger acid than 
towers (Bcrl, Z. angoiv. Chem. 1923r 36, 87 ; 
Fausor, Giom. Chim. Ind. Appl. 1928, 10, 183; 
Van dor Hoeven, Ingcnicur (Holland), 1932, 
47a, 293). 

Many proposals have boon made to absorb 
oxides of nitrogen without towers, or in spccinll 3 ’ 
designed towers. In some of these the necessity 
of providing adequate oxidising space is recog- 
nised. Hfiusser (B.P. 7419, 1914) makes pro- 
vision for re-oxidation of the NO produced in 
the interaction between NOj and water by 
causing tho gas to traverse a long path after 
each absorption. Engels and Diirre (G.P. 
229096, 1908) pa.ss ga.'scs containing not less 
than 60% of NjOj through a scric.s of towers fed 
with water and add air in portions to each tower. 
Navillc, Guj’C, and Giij’o (B.P. 6155, 1908, conv. 
1907) allow oxides of nitrogen containing fulij' 
oxidised NOj to react with water until about 
two-thirds ol tho oxides arc removed. 'J’hc 
residual gas, containing NO, is then dried, 
j usuallj* by cooling, and allowed to reoxidi.“c 
I completely’ in an empty chamber out of contact 
j with water. The fully oxidised gas is again 
! brought in contact with water until another 
two-thirds is absorbed, and tho proce.ss repealed. 
Farbw, vorni. Mcister, Lucius, und Briining 
(B.P. 19032, 1911) use compres-sed oxygon 
instead of air in operating acid elevators, tho 
gn.s from the olcvntoni being introduced into 
tho towers. The Norsk Hydro. (B.P. 100099, 
1916) effect nbsorjition under iire.s.sure, when the 
volume is reduced proportionally' to the square 
of the pressure (r/, Navillc and Guye, F.P. 
38.7669 and 3S.‘6()5, 1908, in wliieh absorption of 
arc fimmco gn.s under pa-.sstire i*i said to give 
96% nitric acid directly). Bergiiis (G.P. Anm. 
B. 63017) coinprc.ssc.s oxide.s ol nitrogen to 26 
ntin., nd(is steam, and eximnds suddenly into a 
chamber, when nitric acid is obtained. .Mo.scirki 
(B.P. 17.356, 1911 ; Beanl.sley and Pari;, U.S.P. 
220019.7, 1910) u.s'cs an nb.soriition apparatus 
compri.sing rectangiilnr chnnibers built into one 
block, tho dividing walls being pierced uith 
small holes. Allcrnnto chambers are packed 
and empty. Tlio width of each clinmbcr is only 
15-30 cm., and tlio gn.s Hows at the rate of about 
4 cm. per second liorizonlnlly through the 
apparatus. Tlio nb.sorbing clmmlier.s are Hooded 
interinittciitly with liquid, wliieli is allowed to 
drain off, and elevated to the top of the next 
chamber in opposition to tho motion of the gn.s. 

Silica gel may be used to separate nitrogen 
dioxide from a gas (c.p., from ammonia oxidation 
converters) (Krnso, Chem. Mot. Eiig. 19’2G, 
83, 074; Itny, J. Pliysieal Chem, 1925, 29, 74) 
or arc gas (Briiior and Sgimitnmutte, llelv. Chim. 
Acta, 1041, 24, 421), Ivra.so removes water in a 
tower packed with water-cooled nluniinium 
helices, when a loss of di.ssolvcd oxides ns low 
ns 1% may bo realised. Tho gits is then jins.sed 
through an oxidising lower and then through a 
tower with powdered silica gel falling throiigli 
it. Only 34—17% of oxides nro absorbed at ono 
passage. Tho gas is driven out by heating llio 
gel in a slow stream of air at 360° (McCollum and 
Daniels, Ind. Eng. Chem. 1923, 15, 1173). A 
good silica gel can bo heated ns high ns 800° 
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without losing its activity. Adsorption by active 
charcoal has also been proposed (Vereinf. Chem. 
u. Met. Prod., G.P. 418322, 1922). 

The Schloesing Process. — An alternative 
method of absorption is proposed by A. 
Schloesing (P.P. 460328, 1912), in which quick- 
lime in the form of briquettes is treated with the 
hot arc furnace gases for some days. Calcium 
nitrate and nitrite are first formed, but under 
the influence of the air and nitrous gases the 
nitrite is ultimately completely converted into 
nitrate. Oswald (Ann. Chim. 1914, [ix], 1, 32) 
found that on passing nitrogen dioxide over hot 
lime, a loss of 20% of combined nitrogen oc- 
curred. Oswald represents this by the equation : 
2Ca04-5N02=2Ca(N03)2-f N, and this loss 
of combined nitrogen has been confirmed by 
Partington and Williams (J.G.S. 1924, 125, 947), 
who showed that the probable reactions are : 

2Ca0-|-4N02=Ca(N02)2+Ca(N03)2 

Ca(N02)2+2N02=Ca(N03)2+2N0 

Ca{N 02 ) 2 + 2 N 0 =Ca(N 03 ) 2 -t-N 2 . 

According to Schloesing, mth the very dilute 
gases from arc furnaces, there is no loss of com- 
bined nitrogen. He lays great stress on the 
preparation of the lime briquettes. Quicklime 
obtained by burning soft chalk is slaked, the 
hydrate is pressed into briquettes, and the 
latter are dehydrated at as low a temperature 
as possible, about 500°. The gas must be dry 
and free from carbon dioxide, and is passed 
over the lime in lagged iron retorts at 300-400°. 
The use of a very porous lime is specified (Lefort 
des Ylouses and L’ Azote rran9ais, U.S.P. 
1969480, 1934). 

Large-scale trials of the process at Notodden 
gave a product containing about 14% of com- 
bined nitrogen and 1-13% of free lime. This 
process is not worked at present. 

Direct Production of Nitrates. — Goold- 
Adams, Partington, and Eideal (B.P. 129699, 
1917) found that if gases containing oxides of 
nitrogen, such as are produced in arc furnaces 
or by the oxidation of ammonia, are passed 
through an alkaline solution, containing alkali 
hydroxide or carbonate, lime, or a suspension 
of calcium carbonate (limestone, or cyanamide 
sludge), all the nitrite in the mixture of nitrate 
and nitrite first produced is ultimately converted 
into nitrate. 

During the first part of the absorption, a 
mixture of equimolecular amounts of nitrate 
and nitrite is formed, e.g., with lime : 

1 . 2Ca(0H)2-t-4N02 

=Ca(N03)2-t-Ca(N02)2+2H20. 

During this stage the reaction remains alkaline, 
and all the insoluble diluent gas (nitrogen) 
associated with 4NO2 passes out of the 
apparatus. 

When the reaction medium becomes neutral, 
the N O2 begins to dissolve as a mixture of equi- 
molecular amoimts of nitrous and nitric acids : 

2. 4N02-)-2H20=2HN03-f2HN02. 

The nitric acid decomposes the nitrite, e.g., 
calcium nitrite, in solution, and a mixture of 


equimolecular amounts of NO and NOj is 
evolved : 

3. Ca(N02)2+2HN03 

=Ca(NO3)2-i-NO-l-NO2-bH20. 

At the same time the nitrous acid formed in 
reaction (2) imdergoes decomposition, with 
evolution of N O-f N O2 : 

4. 2HN02=N0-(-N02+H20. 

Thus, in the volume of indifferent gas which 
contained 4NO2 entering the apparatus we 
have, when it leaves the apparatus, 

2(N0-1-N02), 

equivalent to the original concentration. This 
gas is now passed through empty towers, where 
the N O undergoes oxidation to N O2 in presence 
of the excess of oxygen in the gas. The fully 
oxidised gas then passes to a second set of 
absorbers, where reaction (1) occurs. 

The final solution contains only calcium 
nitrate, with a little free nitrous acid, which is 
removed by passing air through it. This air is 
then passed through the absorbers containing 
fresh milk of lime, to recover the oxides of 
nitrogen. The process may be used with gas 
containing as little as 1% by volume of NO 2, 
and at the ordinary temperature or with the 
solutions at 30°. The milk of lime may be used 
of sueh a strength as to give a resulting solution 
containing 50% of calcium nitrate. 

Partington, Jones, and Brownson (B.P. 
134562, 136190, 1919; Sakton, J. Chem. Ind. 
Euss. 1936, 13, 164) found that when a mixture 
of air, oxides of nitrogen, and a regulated 
amount of moisture {e.g., suitably treated gas 
from the oxidation of ammonia) is passed 
through a chamber, and jets of ammonia gas 
introduced, there is an instant separation of dry, 
solid, ammonium nitrate, perfectly free from 
nitrite. This settles out as a loose powder, 
which on standing for a few hours shrinks to a 
denser powder without caking. This product is 
less deliquescent than ordinary ammonium 
nitrate, and the process gives very satisfactory 
yields. The mechanism of the reaction is not 
yet quite clear ; the net result appears to be : 

2N02-f2NH3-bH20-bi02=2NH4N03. 

If oxides of nitrogen and ammonia gas are mixed 
without the special precautions mentioned, 
considerable decomposition and loss occurs. 
The same experimenters also found that the 
fume of ammonium nitrate produced when 
I moist oxides of nitrogen and ammonia are 
brought together, which, unlike that formed in 
the above process, does not readily condense, 
may be brought into the solid form by passing 
the fume through concentrated sulphuric acid. 
Very little absorption of ammonium nitrate by 
the liquid takes place, but the dried fume at once 
deposits sohd ammonium nitrate on issuing 
from the acid. 

Absorption of residual traces of oxides of 
nitrogen in ammonia solution is proposed 
(Voogd, U.S.P. 2110431, 1938), but this seems 
likely to lead to loss as free nitrogen, from decom- 
position of ammonium nitrite. 
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Hofmann (Ber. 1926, 59 [B], 204, 2574; 
G.P. 469432, 1926) obtains nitrates by passing 
a mixture of ammonia and air over heated basic 
substances (alkalis, alkali carbonates, alkaline 
earth hydroxides except magnesia, and soda 
lime) to which small amounts (0-1%) of catalysts 
(nickel, cobalt, silver, copper, or their oxides) 
may be added. 

Oxides of nitrogen passed at 40-50 through 
coarse solid ammonium bioarbonalo form am- 
monium nitrate (F. Bartling, J. Bartling, and 
Meier, and Altorum ICredit A.-G., U.S.P. 
1957130, 1934). Shapleigh (U.S.P. 2102136, 
1937) absorbs oxides of nitrogen in ammonium 
nitrate solution and then adds ammonia. 

Direct Production of Concentrated 
Nitric Acid. — A novel method of conccn- 



Fio. 8. 


is a solution of nitrogen peroxide in wcaJeer (75%) 
nitrio acid. The upper layer may bo separated 
and the nitrogen peroxide removed by dis- 
tillation, when very concentrated nitric acid 
remains. The nitrogen dioxide removed is ti-sed 
again. These processes were verified by the 
writer, who found in addition that if nitrogen 
peroxide and o.v3’gcn are passed through water 
for a sufiicicnt length of lime, tho same two 
layers aro formed (J. R. Partington and L. H. 
Parker, “ The Nitrogen Industrj',” Constable, 
1922, p. 294 ; J. R. Partington, “ Tho Alkali 
Industry," BailbArc, 2nd cd., 1926, p. 293). 
This process has been developed for use in con- 
centrating nitric acid in connection with the 
animonin-oxj-gon-stcam process for tho oxida-' 
tion of ammonia (p, 571c), and the method is 
the basis of modeni processes for making con- 
centrated nitric acid. 


''''3^4% hy weight 

O 50-1 77-3 na-S 05-4 100 
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teating nitric acid is described in the patents of 
^rbw. verm. Moistor, Lucius, and Brtining 
p.P. 15948, 1911, and 4345, 1916). Acid of 
is enriched -with nitrogen peroxide, 
which reachly dissolves in it, and the liquid is 
subjected in a finely divided condition to tho 
action of oxygen : 


2N02d-H20-h^02=2HN03. 

The unchanged nitrogen peroxide is expelled 
y the c^ent of oxygen, and tho resulting con- 
centrated acid is practically free from nitrous 
J ®;nother process, aqueous nitric acid is 
ated with excess of liquid nitrogen peroxide, 
nf formed, each consisting 

tmn holding nitrogen peroxide in solu- 

' • of liquid nitrogen 

concentrated nitric 
acid (J8-99%) m solution, whilst tho lower layoi 

VoL. VIII.— 37 


Tlic B^’stems involved Imvo been (incom- 
plelclj') studied by Lowrj' and co-workers 
(Lowr}"^ and I.omon, J.C.S. 1936, 1, 0; Loim', 
Lloj'd, and Lloyd, »6n/., p. 10). Tiio equilibrium 
diagram for niixturc.s of liquid NjOg and water 
is sliown in Fig. 8. Below 0° tho solubility of 
liquid NoOj falls to 36% bj’ weight at — 33-3° 
at E, when tlio solubility curve a intersects the 
freezing-point curve Ji for liomogoneous solutions 
of NjOj in water. This is a quadruple point: 
tho aqueous liquid contains partly’ clissociatcd 
nitrous acid: 2HN02^ NjOj-f-HjO ; tho 
heavy liquid phase (corrcsponciing witli tho 
intersection of tho horizontal at E with tho curve 
ode), corresponds with more than 94% of NoOg ; 
tho other two phases are pure ice and a" gas 
which is mostly NO. Tho compositions of the 
two liquid layers at other temperatures are 
showTi by tho two branches eao and ode of tho 
curve, o being a critical solution temporaturo 
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the curve bo corresponding with the separation, 
in cubic aggregates, of some solid, the composi- 
tion of which was not determined, de is the 
curve of separation of what was probably 
HN 03 , 3 H 20 , with a maximum at — 22-5° Im p 
of HN 03 , 3 H 20 = -18-6°). At higher concen- 
trations of N 2 O 4 the upper aqueous layer 
deposited yeUow crystals at —80°, possibly 
N 204 , 2 HN 03 , which is said (Pascal and 
Gamier, BuU. Soc. chim. 1919, [iv], 25, 309) to 
decompose at — 48-5°. The two curves eg and 
HI give the temperatures of crystallisation of 
N 2 O 4 from the lower layer of liquefied gas, con- 
sisting almost entirely of N 2 O 4 and N 2 O 3 , the 


N2O3 



HgO 90 80 70 60 50 40 30 20 HNO 3 


Pig. 10, 


freezing-point falling as the concentration of positions of N 2 O 4 , HNOj, and HNOj are 
NgOg increases, by elimination of N 2 O 4 as shown on the sides of the diagram. Each mix- 
nitnc aoi(h The two curves are said to corre- ture of N 2 O 4 and water is represented by three 
^ond Avitn tae crystallisation of two forms of points on the diagram, one showing its empirical 
N 2 O 4 , the upper curve to the common form in composition and the other two the actual corn- 
granular crystals and the lower curve to a new positions of the two layers. These three points 
term in long flat needles. The miscibility curve are joined by a tie-line, and the ends of the tie- 
op IS simuar to that for the N 2 O 3 -N 2 O 4 system, lines give two substantial sections BC, gh, of the 
but flatter, the critical solution temperature boundary, abcdepghi, of the area of the diagram 
bei^ a httle higher than 67° (89% N 2 O 4 ). within which two liquid phases are formed. The 

Ihe compositions of the two liquid layers are whole of the boundary is not covered by the 
shown, for temperatures of 0° and 20°, in two experiments, but the points d, f are provided 
triangular diagrams (Figs. 10 and 11 ), the apices by Bousfleld’s measurements (J.C.S. 1919, 115, 
repr^entmg pure N 203 ,H 20 and N 2 O 5 (from 46). The oxides NgOg and N 2 O 4 do not differ 
Which all phases can he composed). The com- widely in miscibility with water ; when the non- 


, / 


(55°; 65% NgOg). Another probable quater- 
nary point G, near the freezing-point —103° of 
N 3 O 3 , was not experimentally realised. 

The system N 2 O 4 -H 2 O is much more compli- 
cated, since the reaction 

2 N 204 -)-H 20 ^ N303-f2HN0s, 

and to a smaller extent the reaction 

3N2044-2H20=4HN03-f2N0, 

occur. TheequilibriumdiagramisahownmFig. 9. 
AB is the ice curve from homogeneous aqueous 
solutions, intersecting at — 60-3° (32'7% N 2 O 4 ) 
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aqueous components hare been oxidised about 
half-Tvay between NoO^ and NjOg they become 
almost abruptly miscible Anth water in all pro- 
portions. The densities of the two liquid layers 
showed that, whilst the non-aqueous layer was 
normally denser and more strongly coloured, in 
mixtures of N2O4 with nitric acid, the lower 
la}'er is nitric acid with dissolved NjO^, whilst 
the upper layer is mostly liquid (Pascal and 

Gamier, l.c.; Bousfield, he.). IBousfield gives 
for the densities and compositions of saturated 
solutions : 


HNOj In N2O4. 
p. % HNO3. 
4 ° 1-4874 4-00 

11 ° 1-4735 0-07 

18 ° 1-4504 8-05 


' NjO^ in HNOj. 

p. % NjOj. 

4 ° 1-0543 54-4 

11 ° 1-0394 53-4 

18 ° 1-0250 54-0 


A largo number of patents specify treatment 
of dilute nitric acid with gaseous or liquid 
nitrogen dioxide and oxygen or air under various 
conditions of temperature and pressure so as to 
form concentrated nitric acid : 

4N02-b0,-f2H20=4HN03. 


N2O3 



HgO 90 80 70 60 50 40 30 -20 HNO 3 


Fio. 11. 


specify pre-separation of wa 
a ‘tooling (p. 5 G: 

tubes; LG. A^G '“b'p^'s^OP 

G-P.44065L 1925^^ Boltcnstei 

igSwnni Rosenstein (U.S.P. 19489( 

the nifnV o forms two layers wi 

S ‘^til. The use of o.xa-e 

rentrate ^uto”n^f°®°° pressure to co 

Elektri^if^ ' proposed (Lon 

B-K St'rSS,* FaW A.-( 

the dilute nitrin . treatment 

uute mtnc acid with liquid nitrogen pi 


oxide and o.x3'gen at 20 atm, and 70° is specified 
(Caro and l^nk, B.P. 40.5-450, lO.'ll). Caro, 
Frank, WendJandt, and Fischer (U.S.P. 1089207, 
10.35) condense Avatcr from converter gas by 
cooling, cool further to condense the remaining 
water as nitric acid, and finally- nii.x with air or 
o.xygcn and cool at 0° to condense liquid nitrogen 
peroxide. EioktnV.itatsAverk Lonzn and E. 
Lilschor (Swiss P. 118714, 1925) used ozonised 
oxj'gcn. 

Bamag-Urcguin A.-G. (B.P. 4557.34, 1930) pre- 
separate water and treat the dilute nitric acid 
with liquid nitrogen peroxide under pressure. 
The procc.ss is combined with oxidation with 
o.xygen and steam (p. 571c), the details being 
as foUoAvs (Iravers, Chini. ot Ind. 1937, 88, 429 - 
IManning, Chem. Trade J. 1942, 111 499- 
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J.S.C.I. 1943, 62, 98). The gas mixture (am- 
monia, oxygen, steam) passes through a layer 
of water at 80° just before passing through the 
platinum gauze at 750° (the optimum tempera- 
ture). The converter gas passes through 
ordinary steel tubes in a boiler and is then cooled 
to 200-230° by intemaUy-oooled stainless steel 
tubes. It is then oxidised in a cooler of 13 
vertical tubes 9 m. long cooled externally by 
water, in which the temperature is lowered to 
25°. The rest of the water condenses and oxida- 
tion of nitric oxide to nitrogen dioxide is 
practically complete. At the base a 66-60% 
nitric acid separates, representing 18% of the 
nitric oxide formed. The rest of the gas is 
cooled by brine refrigeration to 10°, when the 
nitrogen peroxide liquifies. The liquid peroxide 
is then treated with oxygen and the 65-60% 
nitric acid at 60 kg. per sq. cm. pressure at 70° 
for four to five hours, when a mixture of nitrogen 
peroxide and nitric acid is formed. The gas, 
after liquefaction of the peroxide, is scrubbed in 
a tower with Raschig rings over which concen- 
trated nitric acid at 10° circulates, the gas 
leaving with less than 1% of nitrogen peroxide. 

The treatment of the 55-60% nitric acid with 
nitrogen peroxide and oxygen occurs in an auto- 
clave of thick- waUed pure aluminium in a steel 
envelope, with an oxygen pressure in the 
annular space. It is closed by an aluminium- 
lined steel cover with tubes fixed in a stainless 
steel block. The liquids are run in at atmo- 
spheric pressure and the oxygen admitted under 
pressure ; the reaction is rapid at 20 kg. per sq. 
cm. and is finished at 50 kg. per sq. cm. 

The acid from the autoclave is introduced 
towards the middle of a column filled with 
Raschig rings and steam-heated at the base, 
the top being water-cooled. Distillation of 
nitrogen dioxide occurs at 90°. The 97-99% 
nitric acid from the base is finally bleached by a 
current of air. 

The oxidation efBciency of the Bamag process 
is 96-6%, the absorption efficiency 98%, and 
the overall efficiency 94'5%. 

Du Pont de Nemours (B.P. 456446, 1934; 
Davies and I.C.I., B.P. 456518, 1936) pre-remove 
water and absorb the nitrogen dioxide in 90% 
nitric acid at 0-10° and 3-5 atm. pressure. The 
liquid is then oxidised by air at 60-120° and 60- 
200 atm. pressure, dilute nitric acid being finally 
added to form 96% nitric acid. De Jahn and 
Bower (U.S.P. 2027578, 1936) specify absorption 
of oxides of nitrogen under pressure. Pronin 
(Khimistroi, 1935, 7, 395) specifies a temperature 
of 70° for treatment of dilute nitric acid, liquid 
nitrogen peroxide, and oxygen in an aluminium 
autoclave to make the 97-98% acid. 

Variations of the process are specified in which 
gaseous nitrogen dioxide from de-watered and 
oxidised converter gas is passed in a tower at 
80-90° and the 80% nitric acid formed treated 
in a second tower at 0° with gas from the first 
tower (Du Pont de Nemours, U.S.P. 2088057, 
1937), or converter gas containing nitric oxide 
is passed in counter- current to cold nitric acid 
in one tower, when the reaction 

N0-|-2HN03=3N02-f HjO 
occurs, and the gas containing nitrogen dioxide 


is then passed coxmter-ciurent to the acid from 
the first tower (Chemical Construction Corp. 
U.S.P. 2098953, 1937 ; Rudbach, B.P. 481629 
1936). 

Production of Nitrates and Chlorine. — 

Much patent activity has recently centred 
around the treatment of common salt with 
nitric acid so as to form, ultimately, sodium 
nitrate and chlorine ; the demand for the latter 
may exceed that for the caustic soda obtained 
along with it in the electrolytic process. 

The reaction between sodium chloride and 
nitric acid is : 

NaCI-bHN 03 =NaN 03 -bHCI 

HN03-b3HCI=Cl2-bN0CI-b2H20, 

and the treatment of the gas, containing nitrosyl 
chloride, NOCI, and chlorine, thus brings in the 
same problems as were encountered in the old 
Dunlop process for the manufacture of chlorine 
(B.P. 11624, 1847; Taylor, B.P. 13025, 1884; 
Lunge and Pelet, Z. angew. Chem. 1895, 8, 3 ; 
Reusch, Chem.-Ztg. 1914, 38, 485; G. Lunge, 
“ Sulphuric Acid and Alkali,” Gurney and 
Jackson, 1911, Vol. Ill, p. 606). 

Two reactions of nitrosyl chloride could be 
important in such processes : 

(1) N 0 CI-bH 2 S 04 =HCI-f (N 0 )HS 04 

(2) N0CI-bHN03=2N0a-l-HCI. 

The nitrososulphuric acid is decomposed by 
water : 

(3) (NO)HS04-f H20 = HN02+H2S04, 

2 H N 02-= H aO-b N 0+ N O 2 . 

Interaction of sodium chloride and nitric acid 
to form sodium nitrate and nitrosyl chloride is 
specified by Beekhuis jim. (U.S.P. 2208112, 
1940; 2215460, 1940; 2216451, 1940). Lund- 
strom and Whittaker (U.S.P. 2038083, 1936) 
oxidise nitrosyl chloride to nitrogen dioxide and 
chlorine by mixing with oxygen, drying, and 
heating to 190-300°. The Solvay Process Co., 
assignee of the Atmospheric Nitrogen Corp. 
(Canad. P. 363800, 1937 ; 3666786, 1937) treat 
sodium chloride with nitric acid, condense the 
nitrosyl chloride, and oxidise it to nitrogen 
dioxide and chlorine, which are recovered 
separately. Imperil Chemical Industries (B.P. 
617174, 1937) treat sodium chloride solution with 
nitric acid, with gradual heating. The sodium 
nitrate is separated by cooling and subsequent 
neutrahsation of the mother-liquor ■qfith sodium 
carbonate and evaporation. The gaseous pro- 
duct, containing chlorine, nitrosyl chloride, and 
nitrogen dioxide, which is evolved, is cooled and 
caused to react with solid sodium chloride, 
forming sodium nitrate and an equimolecular 
mixture of nitrosyl chloride and chlorine, which 
are separated by liquefaction and fractional 
distillation. The nitrosyl chloride is caused to 
react with sodium nitrate, forming sodium 
chloride and nitrogen dioxide, which is con- 
verted into nitric acid. The Solvay Process Co. 
(U.S.P. 2124636, 1938 ; 2130519, 1938 ; 2138016, 
1938; 2228273, 1941; 2247470, 1941) convert 
nitrosyl chloride into nitrogen dioxide and 
chlorine by reaction with nitric acid. The Allied 
Chemical and Dye Corporation of America is 
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said to have made 10,000 tons of chlorine per 
annum by some such process (do 
kt. Eng?^ 1936, 42, 637). Pauling (B.P. 45262S. 
1036) distils hydrocliloric acid by steam heatmg 
under reduced pressure from .sodium chloride 
and 40% nitric acid and so avoids the formation 
of sodium clilorato and nitrosyl chloride. Hot 
gas at 300-500° can be used f stead of steam for 
heating (LG. Farbcnmd. A.-G., B.P. 4C3811, 

^^fo^somo specifications (Whittaker and Liiiid- 
atroni U.S.P. 1920333, 1933 ; Kali-Forscliungs- 
Slt G.m.b.H., B.P. 398187 1933; 

40G553, 1934) oxides of nitrogen (c.p., from am- 
monia oxidation) are passed over a ohloride, 
e a notassium chloride. Reed and Clark (Ind. 
Eng. Chem. 1937, 29, 333) passed a 5-2-ll-0% 
nitrogen dioxide-air mixture in counter-current 
over 'moist solid potassium chloride; half the 
nitrogen oxides are converted into potassium 
nitrate and the other half into nitrosyl chloride, 
reaction being complete ivitli a mixture contain- 
ing 8% of nitrogen dio.xido. With drj- iiotassium 
cMoride the reaction is incomplete (Whittaker, 
Lundstrom, andMcrz, ibid. 1931, 23, 1410). 

Oxidation of Ammonia in Soiution. — 


Apart from bacterial oxidation (p. 644a), man}- 
other methods of oxidation of ammonia or am- 
monium salts to nitrites and nitratc.s in solution 
have been investigated. The reactions wifli 
common oxidising agents mostly give nitrogen : 
2NH3-f30 = N2+3Hj0. Ammonia is rather 
stable to many "oxidising agents, although it is 
rapi^y decomposed by clilorinc, hypochlorites, 
bromine, and hypobromites (p. 60 Id). Per- 
manganate acts ver}’ slowly in dilute solutions 
at room temperature, more rapidly at 00°, the 
reaction being influenced by the ammonia con- 
centration. Increase in ammonia concentration 
increases the amounts of nitrogen and nitrite 
formed, and decreases the formation of nitrate. 
Addition of ammonium salts markedly increases 
the formation of nitrate and reduces that of 
nitrogen and nitrite ; alkali increases tlio yield 
of nitrogen at tho c.xpcnso of nitrite (lle'rseh- 
komtsch, Z. physiknl. Cliem. 1900, 05, 93). 
With pcrsulphatcs tho oxidation product is 
mostly nitrogen (Kempf, Bcr. 190.7, 38, 3972; 
Levi and Migliorini, Gazzetta, 1908, 38, ii, 10) : 
svith excess of persulphate at room temperature, 
however, over 88% of tho ammonia is o.xidiscd 
to nitrate : 


4S20''-fNH3d-90H'=N0;-l-8SOJ'-{-6H„O. 

^ presence of silver sulphate, 

persulphates oxidise ammonium salts nearly 
quantitatively to nitric acid. 

Ammonia undergoes autoxidation on ex- 
posure to air in presence of copper, for example, 
nitrate and nitrite being 
formed (Borthelot, Compt, rend. 1803, 56, 1170 ; 

CsTonr^ ^®29, 393 ; Smith, Proc. 

in nresm’ ^ Electrolytic anodic oxidation 
amSffi of popper salts as catalysts converts 
SXlf “frito and then into nitrate ; 
ceeds* oxidation to nitrite pro- 

SS e " independent of the 

Mtate content of the solution, whilst with 


decreasing allcali, tho oxidation to nitrate 
becomes more prominent and in solutions con- 
taining no free alkali it is tho solo reaction, all 
the nitrite formed being oxidised (Traubc and 
Biltz, Bcr. 1904, 87, 3130; 1900, 39, IGC; 
Aliillcr and Spitzor, ibid. 190.6, 38, 778; Frenzcl, 

Z. anorg. Chem. 1902, 32, 319; Fichtcr and 
Kappclcr, Z. Elcktrochcm. 1909, 15, 937 ; 1910, 
16,610; Chem. -Ztg. 1912, 36. GOO). 

Ammonium nitnito is formed by electrolytic 
oxidation of ammonia solution containing 10% 
of ammonium bicarbonate and 0'9% of cupric 
hydroxide in a coll with porcelain diaphmgm.s 
and iron electrodes. With a current density of . 
750 amp. per sq. in. and with a constant feed of 
ammonia to tho coll a 30% solution of am- 
monium nitrate was obtained (Kobozev, Alon- 
blanova, and Schnccr.son, J. Chem. Ind. Russ. 
1937, 14, 1307). 


PjiODUCT.s or Nmioonx Fjx.atiox. 

A brief survey of tho products of nitrogen 
fixation will be given (r/. Bouguerct, .1. -Agr. 
prat. 1932, 96, 221 ; Mittnseh, Z. angow. Chem. 
1928, 41, 902; Gn3'cr and Scln'Uze, Angow. 
Chem. 1933, 46, 703). 

1. Ammonium Salts include: 

(n) A inttwitium Siil}>hnlc, which is largely 
made from synthetic ammonia by the so-called 
“g3‘psum process ” (Badi'-che Co., G.P. 300724, 
1910; f/. G.P. 299762, 1916; Wride, Chem. 
Age. 1920, 2. 32; Cottrell, ibid. 1921, 11, 282, 
310. 060; Anon., ibid. 609, 060; Parrish, ibid. 
1930, 24, 23; Chem, Trade J. 1931, 89, 601), 
depemding on tho internetion of ammonia solu- 
tion, finclj" powdered nnliyilrito, and carbon 
dioxide, ealrium carbonate being precipitated: 

2 NH 3 -i-C 0 „-l-CnS 04 -l-H ,0 

-(NH,);S 04 -}-CnC 03 . 

and removed b,v rotaiy- filters. The calcium 
carbonate maj- be dried and mixed with an 
equal weiglil. of ammonium nitrate to form a 
fertiliser called " Nitro-elmlk ” containing 16 0% 
of N (.l.S.C.L 1030, 49, 391u). A ‘'similar 
Nonvegian product (“ Nitranunonia-ehalk ”) 
contains 20’.6% of N (Chem. Trade J. 1931, 89, 
260). Tlie carbon-dioxide pr('‘:s>ire has no in- 
fluence on the reaction (Dorofoff and Troitsknja, 
Ukrain. Ciiem. J. 1931, 6, 123). In a modifi- 
cation of tlio process proposed bj- Baud (Compt. 
rend. 1927, 185, 1138; Wncser, Brennstofl'- 
Cheni. 1030, 11, 300; Tcletov ct al., Ukrain. 
Chem. J. 1032, 7, 141) a mixture of gj’psnm, 
clnj% and ammonia solution is iieated at 48-70° 
in a current of carbon dioxide and tho residue 
burnt for cement. B3' suppl^ring eontinuonsly 
calcium sulphate and ammonium carbonate to "a 
saturated .solution of ammonium sulphate, a 
precipitate of calcium carbonate wliich filtor.s 
cnsil}’ is formed (Kunstdungcr-Pntont-Vcrwer- 
tungs A.-G., B.P. 355098, 1930). 

Clnudo (Compt. rond. 1911, 218, 106) modified 
tho gypsum proccs.s bj’ adding ammonia to the 
solution to precipitate 76%, of the ammonium 
sulplmto. Tho calcium enrbonato formed is not 
washed hut dried, and (ho product, containing 
ammonium sulphato, used ns a fertiliser. 
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(6) Ammonium Chloride is made in tough 
fibrous crystals by the direct union of gaseous 
ammonia and hydrogen chloride containing a 
controlled amoimt of hydrogen, under such con- 
ditions that the reaction temperature is con- 
siderable (Moore, Polack, and Castner Kellner 
Co., B.P. 273093, 1926). 

Ammonium chloride is also recovered by 
crystallising the mother-liquor from the bi- 
carbonate filters in the ammonia-soda process 
using synthetic ammonia, and can be used as a 
fertiliser (Z. angew. Chem. 1918, 31, 653 ; 
Chem. Ind. 1919, 42, 438). 

(c) Ammonium Phosphates and mixtures, e.g., 
“ Ammophos ” (American), ammonium sulphate 
and (NH4)H2P04,- Leunaphos” (German), 
ammonium sidphate and (NH4)2HP04 (non- 
caking granules : Klugh, Chem. Age, 1932, 26, 
274) ; the LUjenroth process (see p. 5506) may 
lead to expansion of the use of these products. 

(d) Ammonium Nitrate, which has a high 

nitrogen content but is explosive and 
deliquescent (Symes, Chem. Met. Eng, 1911, 
26, 1069 ; l6-ase, Yee, and Braham, ibid. 
1925, 32, 241 ; Kershaw, Ind. Eng. 

Chem. 1926, 18, 4; J.S.C.I. 1930, 49, 804; 
Hercules Powder Co., U.S.P. 1613334, 1927 ; 
non-dehquescent ammonium nitrate, CaUery, 
B.P. 383873, 1932; A. M, Smith, Chem. and 
Eng. News, 1943, 21, 2100), has been used 
mixed with the sulphate, e.g., Leuna saltpetre, 
2NH4N03,(NH4)gS04 (Bowen, J. Physical 
Chem. 1926, 30, 721 ; Osaka and Inouye, Jap. 
J. Chem. 1925, 2, 87), an explosion of stocks of 
which at Oppau in 1921 killed 559 persons and 
destroyed 1,036 buildings (Trans. Faraday Soc. 
1924, 20, 46). In the Kiihlmann works at La 
Madeleine, equivalent quantities of ammonia 
and nitric acid are introduced into a vat con- 
taining ammonium nitrate solution, which is 
drawn off as produced through a cooler. The 
liquor is neutralised with ammonia if necessary, 
and evaporated in steam-jacketed aluminium 
tubes, then ran to ciystallisers which at the same 
time are kneading troughs, the salt solidifying 
to a fine white powder, practically anhydrous 
(Chem. Trade J. 1931, 89, 471). Fauser (Industr. 
Chimica, 1932, 7, 1343) sprays nitric acid into 
ammonia gas. The Fauser process of neutra- 
lising under pressure is rapidly extending 
(Tamise, Chim. et Ind. 1933, 29, spec. no. 906 ; 
Pastonesi, Chim. e L’Ind. 1936, 16, 511). The 
absorption is carried out imder hydrostatic 
pressure to prevent boding in the reaction zone 
(Falk, Chem. Met. Eng. 1941, 48, No. 2, 121). 


^fixtures of ammonium nitrate and calcium car- 
bonate are sold under various trade names, such 
as “ Nitrochalk,” and “ Kalkammonsalpeter.” 

(e) Ammonium Carbamate for synthetic urea 
obtained by heating it under pressure ; 

NH4-0-C0NH2^ H20-bC0N2H4 

(Fichter and Becker, Ber. 1911, 44, 3473 ; Lewis 
and Burrows, J. Amer. Chem. Soc. 1912, 34, 1515 ; 
Krase and Gaddy, ibid. 1930, 52, 3088; Ihd. 
Eng. Chem. 1922, 14, 611 ; Klemenc, Z. Elek- 
trochem. 1930, 36, 799; Janecke and Rahlfs, 
ibid., p. 645 ; numerous patents). 

2. Nitrates, especially calcium nitrate (direct 
production from oxides of nitrogen : Goold- 
Adams, Partington, and Rideal, B.P. 129699, 
1917; Schloesing, F.P. 609264, 1925; Briner 
and Lugrin, Helv. Chim. Acta, 1930, 13, 76; 
Atm. Nitrogen Corp., F.P. 747384, 1932; Kali 
Forschungs-Anstalt, G.P. 566831, 1929 — ^from 
potassium chloride ; L’ Azote Fran5aise, G.P. 
558160, 1931). Calcium nitrate is made at the 
Kiihlmann works at La Madeleine by evaporating 
the solution untd it wiU solidify and give a 
product containing 13% of N, cooling somewhat 
and feeding to the trough of a rotary dram 
cooler, from which the solidified nitrate is 
removed and ground (Chem. Trade J. 1931, 
89, 471 ; cf. Norsk-Hydro, Norw. P. 51627, 
61683, 1932). “ Nitrophoska ” is a German 
mixture of potassium nitrate and ammonium 
phosphate, practically a complete fertiliser. For 
analysis of nitrates, etc., see E. Berl and G. 
Lunge, “ Chem.-tech, Untersuohungsmethoden,” 
Berlin, 1932, II, i, 671, 681, 610; Z. angew. 
Chem. 1932, 45, 22. 

3. Cyanamide may be mixed with basic slag, 
potassium salts, superphosphate of Ume, etc. 

Statistics. 

The world production of fixed nitrogen, in 
thousands of metric tons, by various processes, 
is given below (from “ British Sulphate of Am- 
monia Federation, Ltd., Annual Report,” 
1937-38). The “ other forms of nitrogen ” in- 
clude nitrogen products used for industrial pur- 
poses (except Chile nitrate) and ammonia in 
mixed fertilisers. Fertilisers are included under 
the final form as sold, so that cyanamide, for 
example, if converted into ammonium sulphate 
is included under “ Synthetic (N 144)2804,” and 
if converted into “ Ammophos ” under “ Other 
forms of N.” By-product ammonium sulphate 
and Chile nitrate are included for comparison. 
The year ending June 30 is used. 


inmiiiBi 

1928-29 



1931-32 

1932-33 

1933-34 



1936-37 

1937-38 

Synthetic (NH 4 ) 2 S 04 . 

485 

442 

349 

522 

560 

535 

533 

630 

688 

765 

By-product (N Hj) 2 S 04 

376 

425 

360 

302 

258 

307 

321 

376 

429 

411 

Cyanamide 

192 

264 

201 

134 

168 

195 

232 

269 

291 

305 

Ca(N03)2 .... 
Other forms of N : 

136 

131 

110 

79 

118 

107 

153 

156 

179 

195 

Synthetic 

383 

427 

393 

348 

462 

516 

607 

724 

851 

931 

By-product . . . 

51 

51 

31 

30 

40 

48 

45 

46 

53 

49 

Chile nitrate 

490 

464 

250 

170 

71 

84 

179 

192 

206 

224 

Total .... 

2,113 

2,204 

1,694 

1,585 

1,677 

1,792 

2,070 

2,393 

2,697 

2,880 


J. R. P. 
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nitrogen fixation, biologi- 
cal. A very considerable literature bns non* 
accuinulated on the subject of biological nitrogen 
fixation and much of this has boon adinirablj’ 
summarised by Perry Wilson, ‘‘ Biochcxnisti^^ of. 
Symbiotic Nitrogen Fixation,” 1940, Univcimty 
of Wisconsin Press, Madison, U.S.A. Iho 
reader is referred to this book for details and 
references which it will not he possible to men- 
tion in the following brief artido. _ 

Two major moans of biological nitrogen-fixa- 
tion are recognised to-day, the first by the root- 
nodule bacteria living in symbiosis vuth certain 
leguminous plants, the second by special classes 
of bacteria living in the soil independently of the 
plant. 

Historical— Tho importance of leguminous- 
crops for soil-building purposes was well known 
to Greek and Roman farmers. Colnmelln. in a 
book written in tho first century A.i)., pave 
detailed instructions for the cultivation of .mich 
legumes as alfalfa, vetches, pens, beans, lupins, 
and lentils and advocated principles of gn-eii 
manuring well recognised and cxtensivelj- 
adopted to-da}\ He advised, for example, the 
ploughing in of lupins ns a manure when the 
plants were 3’oung and that residues should Ik: 
ploughed in when fodder was talicn. Pro- 
cedures such as these were, of course, quite 
empirical and no reasons of anj- scientific merit 
were advanced to explain their importance. 

During the seventeenth ccntur\- tho seeding 
ofleguminous crops, espcciall.v clover and trefoil, 
as a means of improving the soil, was encouraged 
in English agriculture. At tho same time mixed 
cropping {e.g., clover and rj-e grass) was ad- 
vocated for improvement of soil tilth and pro- 
duction of a good lierbagc. 

Boussingault in 1837 carried out tho first 
quantitative field and laboratorv experiments, 
inaking it clear that fixation of atmospheric 
nitrogen took place during the development of 
► legumes such os clover, peas, and lucerne, 
whereas no such fixation occurred during the 
growth of such crops as wheat or oats. 

Liebig (1843, 1852) was opposed to tho view 
that free nitrogen of the atmosphere was as- 
similated by tho plant. lie considered that the 
beneficial effects of the legumes were duo to 
their large leaf surfaces and consequent I3' 
greater areas for absorption of atmospheric 
ammonia. ^ He criticised Boussingault's results 
on the basis of fnuit3' estimations of nitrogen in 
the manures. 

Ville (1855), however, showed that ntmo- 
spherm ammonia was insufficient to account for 
the observed increases of fixed nitrogen in tho 
_ evelopment of legumes, and made experiments 
m wmch plants were grown on ignited sands in 
an atmosph^ which had been washed free of 
moma. Ho showed that all species of plants 
legumes— made excellent 
grorrths with large increases of fixed nitrogen. 

Wumln however, that non- 

E the air.^’“"'^ 

after confused state until 

?he Sr'Vf '‘"d Pugh at 

1851 Experimental Station. In 

they began experiments to explain the 


rcsiilt-s of field trials which had extended over 
IG 3'cars. These had shown that plots cropped 
to non-legumes without addition of manures 
declined to a low 3deld, whereas plots cropped 
to legumes maintained a high 3’ield oven without 
manurial treatments. I\rorcover, if a non-legurnc 
followed a legume in a rotation, the 3'ield was ns 
high ns if tho field had been proviousl3' in fallow 
for a 3'car, in sjiitc of tho large qunntit3- of 
nitrogen removed in tho preceding leguminous 
crop. Liebig's explanation of absorption of 
ntmasphoric ammonia was .shown to bo un- 
tenable, partU' because of tlic inadequate 
quantities involved, and partl3- because of tho 
diffcreuco in behaviour between legumes and 
non-legumcs. The logical deduction appeared 
to bo that legume development in the field was 
accompanied 1)3* fixation of atmospheric nitrogen. 
Careful pot experirnent.s. however, br- Lawes rt 
ol. (ISGI) gave rise to tho conclusion that no 
fixation of molecular nitrogen took place during 
the development either of legumc.s or cereals and 
ns a re.sult it was accepted for the following 
25 \enrs that, plants could not fix ntmosphoric 
nitrogen. The clc.ar-cut n'.sults of tho Rothnm- 
sted ftcUi experiments still remained un- 
explained. 

The ela.ssieal work of Hellricgel and Willfarth 
in ISGO eventunlh- cleared up tho situation. 
Tluy .showed that certain bacteria in tho .soil 
infected tho legumes, forming nodulc.s which 
enabled the plants to use atmospheric nitrogen ; 
thc.se bacti-ria had no infectivo power on cerc-als. 
iK-gumes grown in sterile .sand in the pre.scnco of 
combitu'd nitrogen (nitrate) grew well, with no 
fixation of atmosplieric nitrogen. Those grt»wn 
in a sterile sand and in the jire.sence of an extr.net 
of rich garden soil developed nodtdes and fi.xcd 
atmospheric nitrogen. Ceronls were dependent 
entireh- on a source of cornbineil nitrogen for 
their development . 

Thus it berame apparent that biological nitro- 
gen fixation ns observed in the plant is parll3% 
if not wholh-, a bacteriologienl phenomenon. 
The organisms responsible wero known n.s root- 
nodulc bacteria or lihizohium. Tho3- wore first 
isolated in pure culture bv Beijerinck. 

Nitrogen Fixation by Rhizoblum. 

Little is known as yet of tho mechanism of 
nitrogen fixation 1)3’ the root nodulo bacteria in 
n.ssocialion with tho plant. Whereas enrl3- 
experiments (c.g., Golding, J. Agric. Sci. 1905, 
1, 69) indicated that tho Jlhizobia are able to 
fix atinosphcrio nitrogen in tho absence of tho 
plant, this viow is now discredited (.Allison, J. 
Agric. Res. 1929, 89, 893; Hopkins, Soil Sci. 
1929, 28, 433; Lbhnis, ibid. 1930, 29, 37). 
Wilson, Hopkins, and Fred (.Arch. Mikrobiol. 
1932, 3, 322) repeated Golding’s work and could 
find no ovidoiico that Jthizohia fi.x nitrogen 
independently of tho plant. Vomer and Kovalev 
(Compt. rend. Acad. Sci. U.R.S.S. 1930, 4, 325) 
concluded that tho addition of an extract pre- 
pared from 3wnat, pea, or carrot to a nitrogen- 
froo medium will onablo lihizobia to fix atmo- 
spheric nitrogen. Wilson (Ergohn. Enrym- 
forscli. 1939, 8, 13), however, failed to confirm 
this result. A variety of substances, having 
stimrdating effects upon coll development, also 



584 


NITROGEN FIXATION, BIOLOGICAL. 


fail to induce nitrogen fixation by Mizobia 
when cultured in absence of the plant. Inter- 
pretation of results were complicated by the fact 
that Mizobia develop very readily in a metfium 
containing most minute quantities of combined 
nitrogen, present possibly as an impurity. Much 
of the growth consists of a gum formed by the 
oiganism from the carbohydrate constituents of 
the medium and there is no evidence that the 
growth contains more nitrogen than was 
originally present, even as impurity, in the 
medium. Winogradsky (Ann. Inst. Pasteur, 
1936, 56, 222) has made careful experiments in 
which Mizobia were grown on silica gel plates 
containing glucose and mineral salts. Increases 
in nitrogen from 3/tg. to 53/tg. per plate were 
noted. On the other hand, the addition of 
combined nitrogen to plates led sometimes to 
losses of nitrogen, sometimes to gains. 

The evidence indicates that if Mizobia can 
fix atmospheric nitrogen on laboratory media 
and in absence of the plant, the experimental 
conditions for clearly demonstrating this have 
not yet been secured. 

Since there is equally little evidence that the 
host plant, in absence of Mizobia, can fix atmo- 
spheric nitrogen (see Wilson, l.c.), it follows 
that some chemical interchange between the 
bacteria and the plant must take place in vivo 
which is largely responsible for the nitrogen 
fixation. Either this is true, or there is some 
further biological factor (perhaps another soil 
organism) hitherto neglected which causes the 
association of Mizobia and plant to take up 
atmospheric nitrogen. The latter alternative, 
however, even if true, makes for no simplifi- 
cation of the chemical problem which aims at 
establishing the mechanism whereby molecular 
nitrogen is brought into combination in the 
living cell. Wilson, Hopkins, and Fred (Soil 
Sci. 1931, 32, 251) have made it clear that red 
clover plants can fix nitrogen in the absence of 
all micro-organisms except FA. trifolii. Virtanen, 
Hausen, and Laine ( J. Agric. Sci. 1937, 27, 332) 
have also shown that a pea plant can take up 
atmospheric nitrogen in the absence of all 
organisms except FA. hguminosarum. 

The excised nodules do not, themselves, fix 
atmospheric nitrogen (Beijerinck, Verzamlde 
Gescriften, 1922, 5, 264; Wilson, Hopkins, and 
Fred, Arch. Mifaobiol. 1932, 3, 322 ; Galestin, 
Chem. Weekblad., 1933, 30, 207; Allison, 
Ludwig, Hoover, and Minor, Nature, 1939, 144, 
711). Virtanen and Laine have claimed that 
the addition of neutralised oxalacetic acid to 
excised Torsdag pea-nodules causes fixation of 
nitrogen, but tins claim could not be sub- 
stantiated by Wilson (l.c.). 

The chemical nature of the association between 
nodule bacteria and the host plant, which results 
in nitrogen fixation, is as yet unknown. Much, 
however, is now known of the biological aspects 
of the association between the BTiizobia and host 
plant. A lengthy discussion of these is not 
relevant to the scope of this article. Details 
are to be found in Ferry Wilson’s book (op. cit.) 
and may be summarised as follows : 

1- When the seed of a legume germinates in a 
soil containing Miizobia the latter are attracted 
to the region of the developing root hairs. The 


result of the presence of the Miizobia in the near 
neighbourhood of the root hairs is to produce a 
deformation or “ curling ” of the hairs. Such 
curling is induced by a specific chemical sub- 
stance, since bacterial extracts, in absence of 
the BTiizobia, are as effective as the bacteria 
themselves. This response is biologically non- 
specific. Extracts of a variety of bacteria, other 
than the BTiizobia, will induce this curling. At 
the site of the deformation of the root hair, 
BTiizobia invade the root tissue and grow inside 
the root hair in a thread towards the cells of the 
root. The- bacteria in this migration are em- 
bedded in a gum and an infection thread is 
formed while a sheath is laid down by the host 
cells around the embedded bacteria. The 
presence of the latter induces polyploidy in the 
neighbouring plant cells. Cell division is 
stimulated and the newly formed tissues are in- 
vaded by more bacteria (see E. B. Fred, I. L. 
Baldwin, and E. McCoy, “ Root Nodule Bacteria 
and Leguminous Plants,” Univ. of Wisconsin, 
Madison, 1932). A nodule is formed in this 
manner. It consists of a cap of uninfected 
cortical tissue cells, behind which is a region 
of uninfected rapidly growing cells and behind 
this are the larger infected cells filled with 
BTiizobia. Thimaun considers that the Bbizobia 
produce in the root hair a specific substance, 
probably indoIe-S-acetic acid, which is respons- 
ible for the local stimulation of the host cells 
(Thimann, Proc. Nat. Acad. Sci. 1936, 22, 
Sll ; TrajQB. Third Comm. Intern. Soil Sci. 1939, 
A, 24). Both the bacteria and the host cells 
fail to profilerate as the nodule ages and finally 
the tissue becomes necrotic. The nodule 
becomes soft, its interior is digested and it 
finally sloughs off, the BTiizobia returning to the 
soil. 

2. Strains of BTiizobia differ widely in their 
abilities to cause nitrogen fixation in the plant, 
though nodules may be readily produced by aU. 
Nodules from ineificient strains (t’.e. inefficient ' 
in benefiting the host plant by nitrogen fixation) 
are small, round, and white, and scattered over 
the entire root system. Nodules from efficient 
strains are fairly large, relatively few in number, 
pink in colour, elongated and situated near the 
main roots. The cause of the differences in 
efficiency in nitrogen fixation between the 
various strains is not yet known. Thornton 
(ibid. 1939, A, 20) considers the difference to be 
purely quantitative, an efficient strain being 
one the nodule of which persists intact for a 
much longer period than that of an inefficient 
one. Both strains may be equally effective in 
fixing nitrogen during the period of healthy 
integrity of their nodules. 

3. A host-plEint specificity exists, whereby a 
strain of BTiizobia is more effective in causing 
nitrogen fixation in one host plant than in 
another. 

4. The presence of combined nitrogen (e.g., 
nitrates or ammonium salts) in the soil in which 
the host plant is growing apparently makes the 
plant resistant to attack by the BTiizobia. It 
had long been known that nitrates impede the 
development of nodules on legumes (Rautenberg 
and Kiihn, 1864). Fewer root hairs are 
deformed and fewer, nodules are formed (see 
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Thornton and Nicol, J. Agric- Sd. 26 173 ; 
Thornton, Proc. RoJ^ Soc. 1930, B, 119> V 
ThHet result is that Vhen excess combined 
nitrogen is available to a plant little or no 
fixation of atmospheric nitrogen takes plow. 
The presence of carbohydrate diniinislies the 
inhibfioiy effect of combined nitrogen. It is 
evident that the ratio of carbohydrate to com- 
bined nitrogen- affects the rates of nodule 
development and nitrogen fi.xation. The mechan- 
ism whereby the carbohydrate-nitrogen relation- 
ship in the legume affects the fixation of nitrogen 

is still imknou-n. . ^ -.i 

It has been shown from experiments with 
artificial media that' the prolifcrntioii ofi?/iiro6in 
depends on the presence of vitamin-/?i and of 
biotin. 

Non-symbiotic Nitrogen Fixation. 
Winogradsky (Compt. rend. 1893, 116, 1385; 
1894, 118, 353) found that the inoculation of soil 
into a nitrogen-free medium containing glucose 
gives rise to a fixation of atmospheric nitrogen. 
He isolated the responsible organism {dost rid i u m 
pasloriantiin) which rvns found to bo an 
amerobe. This organism develops anrerobicall^' 
in a glucose medium assimilating molecular 
nitrogen, the amount of nitrogen fixed being 
proportional to the glucose broken down. 'J'lio 
fixation of nitrogen, however, is inhibited by 
the presence of ammonium salts. This in- 
hibition is counteracted by an increase in the 
glucose concentration. Thus a earbohydrato 
combined-nitrogen balance, determines the rate 
of fixation of nitrogen, ns rvas shown 40 yeant 
later to bo the case also for llhizobin growing 
symbiotically path the host plant. Wino- 
gradsky suggested that the fixation is due to a 
combination of nitrogen with the hydrogen 
produced during the glucose fermentation. 
Clostridium pastorianum loses its power of 
nitrogen fixation during prolonged cultivation 
on laboratory media, but tho power is rcstoual 
by culture of tho organism once again in soil 
(Bredemann, Zentr. Bnkt. 1909, II, 23, 385). 

Beijerinck {ibid. 1901, 11, 7, 601) isolated from 
soil and mud two organisms, one a motile form, 
which induces nitrogen fixation in a nitrogen- 
free medium. These organisms are lerobcs and 
are known as Azotobacter chroococcum (the more 
common form) and ns Azotobacter agilcs (the 
motile variety). These organisms grorv well 
under rerobic conditions on nitrogon-frcc agar 
media containing glucose, mannitol or a pro- 
pionate. Unlike Clostridium, Azotobacter lio 
not lose their power of fixing nitrogen on pro- 
OMed culture on synthetic laboratory media. 

there is evidence that nitrogen fixation takes 
ptace m organisms of tho Amijlobacler typo, 
p SSI y related to Clostridium (Bredomann, 
extent in certain inouhb 
few 42- 30) i'l n 

169/ (Lipman, J. Biol. Chom. 1911, 10, 

(Allison and 

1 146 ’ Soil. Sci. 1935 

which is ’fleno nitrogen-fixing power 

iSSgly'l''”* *“ on 11.0 o.rb„: 
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the most widely distributed non-symbiotic 
nitrogen fixers in .soil and they nro found also 
in salt and frc.sh water, often in association witli 
alga;. Azotobacter is not prevalent in acid soils 
such ns peat. Its growth in artificial laboratory- 
media may be greatly stimulated by tho presence 
of 5x10"*% of sodium moly-bdnto (Van Nicl, 
Areh. Jlikrobiol. 1935, 6, 215). 

Nitrogen Fixation by Azotobacter. 

Kostyt-schew and his colleagues (Compt. rend. 
192.5, 180, 2070; Z. phy.«iol. Chem. 1926, 154. 
1) concluded that the first .step in fixation of 
nitrogen by Azotobacter cultures is formation of 
ammonia. W'inogrndsky (Ck)mpt. rend. 1930, 
190, GGl) found that Azotobacter give rise to 
ammonia when they arc grown on a silica gol 
containing a lactate or succinate ns a carbon 
source. The conclusion that, the ammonia i.s 
the first step in nitrogen fixation was oiijioscd 
by Burk and Horner (.'''oil Sci. 1930, 41, SI) who 
decided that the ammonia arises secondarily by 
oxidative deamination of cell matorin!. Wino- 
gradsky (Zentr. Bal.t. 1938, II, 97, 399) pointed 
out that pun' cultures of Azotcdiactcr cannot 
bn'ak down organic mnli'rial to ammonia and 
hence the app'-amnee of ammonia in the pure 
cultures of this organi.sm indicates a direct 
n’duetion of molecular nitrogen. Horner ami 
Burk (Third Comm. Intern. .Soc. Soil Sci. 'I'miis, 
1939. A, 108), however, still maintain that the 
nitrogen excretion of pure Azotobacter cultures 

i.H largely imh'pcndent of the form of the nitrogen 
supply (free or rombined). 

A mnnometrir ledmique devised by Burk and 
his colleague;! has made it po.!.>iliIe to study 
nitrogen fixation by Arofobnr.Vr in a inon' 
quantitative and n'liabli' manner than 1ms 
previou.“ly Iwen possible (s--c Burk, J. Physical 
Chem. 1930, 34, 1174, II.SO; Erg.-lm. Enr.ym- 
forsch. 1934, 3, 23). Using tliis technique 
it was shown that : 

1. Tho n-sjurntion of Azotobacter, which is 
extn'mely high, is greatest at pn-ssiires of oxygen 
below that in air (,5leyerhof and Burk, Z. 
pliysiknl t^liem. 1928, 139, 139; Lineweaver, 
,1. Biol. Cliem. 19.32, 99, 57,5). Tlie maximum 
nitrogen fixation docs not occur at tho maximum 
rate of rcsjiirnlion, but at. 4-5% oxygen. Tlio 
eflicicncy of fixation (ratio of molecules of 
nitrogen fixed to molccnlc.s of oxygen used) 
incrcnsc.s with doereasing prcs.sure of oxygen. 

2. Tho rnto of nitrogen fixation (in the 
preseneo of 0'2 atm. Oj) attains a maximum at 
0'5 to 1 atm.; between 0 05 and OA atm. nitrogen 
the rntoof fixation is roughly proportional to its 
presHuro. Tlio proportionality fulls as tho 
nitrogen pressure increases. 

3. As with Clostridium, tho presence of 
utilisnhlo combined nitrogen diminishes tho rate 
of free nitrogen fixation. Inhibition of fixation 
by Azotobacter is complete in the presence of 
nininonia nitrogen at a concentration of 0'5 mg. 
Nj/lOO c.c. A similar result is obtained with 
nitrnto. 

‘4. Growth, both in free and combined nitro- 
gen, is optimal at pll 7'0-7’8, that in tho 
former being moro sonsilivo to a drop in pH 
(Burk, Lineweaver, and Horner, J. Bnct. 1934, 
27, 325). 
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5. Calcium is essential for tlie fixation, maxi- 
mum fixation being obtained at 2xl0~^ M. 
Calcium may be replaced by strontium (Burk 
and Lineweaver, Arch. Mjkrobiol. 1931, 2, 155). 
Substances {e.g., fluoride or oxalate) which im- 
mobilise the calcium, inhibit the nitrogen 
fixation. 

6. The presence of molybdenum has a highly 
beneficial effect on Azotobacter growth in free 
nitrogen (first observed by Bortels, Arch. 
Mikrobiol. 1930, 1, 333). A positive effect of 
molybdenum on the growth of the organism can 
be observed at a concentration of 1-3 parts in 
10^^. Vanadium can replace molybdenum but 
is less effective. 

7. Humus of soil has a beneficial effect on 
Azotobacter growth, the action being due, sup- 
posedly, to the presence of iron (Rosing, Zentr. 
Bakt. 1912, II, 33, 618 ; Burk, Lineweaver, and 
Horner, Soil Soi. 1932, 33, 413). It is possible 
that molybdenum is the responsible factor in 

- humus so far as the effect on nitrogen fixation is 
concerned. 

Burk and his colleagues have postulated that 
the following enzyme mechanism is responsible 
for nitrogen fixation in Azotobacter : 

Ng-fE^ NjE (rapid) 

NjE E-hP (slow) 

E refers to a specific enzyme, nitrogenase, which 
combines reversibly with the nitrogen molecule 
to form the enzyme-substrate complex NjE. 
This breaks down irreversibly into E and the 
products P, which corresponds to an increase 
in Azotobacter cells. The total system re- 
sponsible for fixation has been termed azotase. 
[Cf. Burk and Horner, Proc. Third Intern. 
Cong. Microb. 1939, p. 489 ; Starkey, ibid., 
p. 142). 

Physico-Chemical Pkopeeties of the 
Symbiotic Niteoqen Fixing System. 

Work by Wilson and his colleagues (J. Amer. 
Chem. Soc. 1936, 58, 1256; Ergebn. Enzym- 
forsch. 1939, 8, 13) has given the following 
results ; 

1. The fixation of free nitrogen by inoculated 
red clover plants is independent of the partial 
pressure of nitrogen above 0-10-0-15 atm. 

2. The fixation of free nitrogen by inoculated 
clover plants is inhibited by molecular hydrogen. 
This is not the case with Azotobacter. The in- 
hibition appears to be of the competitive type, 
indicating the possibihty that free nitrogen and 
hydrogen compete for a common catalytic 
system. 

3. If the pressure of oxygen is greater than 
0-1 atm. and less than 0-4 atm. assimilation of 
nitrogen (free or combined) is unaffected by the 
oxygen tension. If the pressure of oxygen is 
increased above 0-4 atm., a decrease takes place 
in the rate of assimilation of nitrogen, free or 
combined (Wilson and Fred, Proc. Nat. Acad. 
Sci. 1937, 23, 503). The evidence suggests that 
oxygen plays only an indirect part in controlling 
the mechanism of nitrogen fixation in the nodule. 
Work of Mothes and Pietz (Naturwiss. 1937, 25, 
201) suggests the presence of an oxidation pro- 
duct of dihydroxyphenylalanine in the nodule 


controlling the oxidation potential, and that the 
pressure of oxygen, by influencing the rate of 
formation of this product, may alter the potential 
and thereby the velocity of nitrogen fixation. 

4. Carbon monoxide greatly inhibits sym- 
biotic nitrogen fixation. This ceases in red 
clover when the carbon monoxide concentration 
in the atmosphere reaches 0-1%. 

Work of Virtanen (Biochem. Z. 1928, 193, 300) 
shows that uptake of nitrogen (free or combined) 
by legumes decreases with increase in acidity. 
A pH of 5-0 or less inhibits fixation of molecular 
nitrogen. This may be due not only to the 
increased hydrogen ion concentration but to the 
decreased absorption of minerals which takes 
place at a low pH. 

The presence of calcium is important for the 
development of the legume, but there is no 
evidence that it is specifically involved in the 
nitrogen fixing process (Albrecht, Proc. Soil. 
Sci. Soc. 1937, 2, 315). 

Konishi and Tsuga (Mem. Col. Agric. Kyoto, 

1936, 20, Chem. Ser. No. 37) have suggested that 
titanium may be involved in symbiotic nitrogen 
fixation. A similar suggestion has been made 
for molybdenum (Bortels, Arcb. Mikrobiol. 1937, 
8, 13 ; Bertrand, Compt. rend. 1939, 208, 2024) 
but the evidence is not conclusive. 

Hybeoxylamine as a Possible Inteembdiatb 
IN Niteogen Fixation. 

As stated earlier, the evidence that ammonia 
is the first product formed in the assimilation of 
free nitrogen is not yet convincing, and an 
alternative view that hydro.xylamine is among 
the first intermediates has received , more 
favourable support. This has come from the 
work of Virtanen, Hausen, and Laine on the 
excretion of nitrogenous substances by legumes. 
The experimental evidence of Virtanen and Laine 
(J. Agric. Sci. 1937, 27, 332 ; Enzymologia, 

1937, 3, 266; Nature, 1938, 141, 748; 142, 
165; Biochem. J. 1939, 33, 412) led them to 
suggest the following scheme as representing the 
mechanism of symbiotic nitrogen-fixation : 

Nitrogen i„termSes Hydroxylamlne 

Oxime ->• i-Aspartic acid 

t 

Carbohydrate Oxalacetic acid 

The following relevant data were noted : 

1. Cultures of legumes in sterile sand but con- 
taining the proper species of Rhizobia excrete 
soluble nitrogenous products apparently only 
from the nodules, i.e., where fixation of nitrogen 
takes place. The excreted nitrogen consists 
almost entirely of 1-aspartic acid and jS-alanine, 
the latter probably arising from the former by 
decarboxylation. No ammonia is found. 

2. In addition to the two amino acids, 1-2% 
of the excreted nitrogen consists of an oxime, 
identified as the oxime of oxalacetic acid, 
H02C-C(:N0H)-CH2C02H. 

3. Free oxalacetate is to be found in pea 
plants actively fixing nitrogen. 

4. Excised nodules, intact or crushed, are able 
to fix atmospheric nitrogen in the presence of 
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oxalacetate, but cannot do so in its absence, nor 

-R-hen it is replaced bj' glucose. 

So far as excretion of soluble nitrogenous com- 
pounds by legumes is concerned it bad already 
Len noted by Lipmann (New Jersey Ague. 
Exp. Sta. Bull. 1912, 253) that non-Icguines 
benefit from association witb a legume and it 
was suggested that this benefit arises from the 
nitrot'enous compounds excreted by the legumes. 

There have been failures to confirm these 
phenomena and the reader is referred to 
Perry Wilson (op. cit.) for details and reltwences'. 
It seems that repetition of the work of ^ irlancn 
and Laine is required on plants grown_ under 
different climatic conditions before their con- 
clusions can bo fully accepted. Jinny com- 
plicating factors (temperature, light, shade, etc.) 
influence the nitrogen excretion of legumes, and 
Wilson points out that the relation between the 
rates of photosynthesis and nitrogen fixation 
may be a controlling factor. 

It has been reported (Endres, Virtanen. and 
Laine) that small quantities of aspartic acid and 
traces of oxalacetic oxime are to be found in 
izofoSocter cultures but doubt has been thrown 
by Horner and Burk (Third Comm. Intern. Soc. 
Soil Sci. 1939, A, IGS) on the significance of 
these results. 

Fuxction of the Ri:n Pjosikxt of 
Nodulf-S. 

A red pigment in the root nodules of a legume 
(Fjciq faba) was first investigatod b}- i’ietz 
(Zentr. Bakt. 1938, II, 99. 1), who tliouglit it 
was identical with the red intorniediato product 
appearing in the enzymic oxidation of tyrosine, 
and that its function was to poise the oxido- 
reduction potential of the nculide at a level 
favourable for proliferation of lihizobin in the 
nodule. Kubo Inter (Acta Phytochim. 1939, 11, 
195) concluded that the red* pigment of the 
nodules is a ha’moprotcin analogous to ha'ino- 
globin and th.at it acts ns an oxygen .store and 
carrier. Burris and Haas (J. Biol. Chem. 1911, 
155, 227) agreed with Kubo that the pigment is 
a hffimin compound but, contrary to Kubo, did 
not consider it analogous to luenioglobin. Kcilin 
and Wang (Nature, 1915, 155, 227) found that 
the pigment of root nodules of the soya bean i.s 
a hemoglobin the absorption spectrum of which 
shows two distinct bands with the maxima at 
about 674 mp. (a) and 540 mp. (fi), the a-band 
bemg narrower and lower than the ^-band. 'J'he 
root-nodule ha)moglobin represents the first c-tjo 
of the occurrence of this pigment in plant.s. 
Aeither the plant cells alone nor the Ithhobia 
grown separately sjuithesiso b.mmoglobin ; ap- 
parently the Rhizohia supplies a factor to the 
plant necessarj' for synthesis of limmoglobia in 
me tiodule. The pigment is present in nodulea 

1 aU legumes so far investigated, and appears 
rdw some way with symbiotic 

C'lrbon monoxide inhibits 
K°v^?‘‘'’°Sen-fixation at the low pressure 
hfomoglobin. Virtanen 
the evidence that 

indicate/ nodules, a ha)moglobin ns 

nitroeen involved in sj’mbiotic 

She inabf; that one reason for 

themabdity of free living Rhizohia to fix ntmo- 


splieric nitrogen lies in their lack of luenioglobin. 
He assumes that the reason that an incficctivc 
strain of Rhizohia cannot fix nitrogen is the 
presence of a slimy layer around the bacteria 
which prevents uptake of oxj'gcn and inhibits 
the formation of h.'cmoglobin. Virtanen and 
Laine {ibid. 1910, 157, 25) have found that 
mcthmmoglobin also exist.s in root nodules, and 
that a green pigment may be pixnluced by long 
standing of the nodules in the ilark. ’Flio green 
pigment appears to l>e due to a breakdown of the 
poqihyrin of hamioglobin. Nitrogen fixation 
ccase.s when the nodule.-: I>cenmc green. Accord- 
ing to Virtanen and Laim* (/.r.) tho equilibrium 
between haunoglobin and methamioglobin de- 
pends upon tho presence of oxalacetic acid 
in the jilant. Mclha-moglobin is reduced to 
hremoglo!)in by the action of oxalacetic acid. 
They have mn<Ic the following hypothesis 
relating nitrogen fixation to vnh'ney chnngc.s in 
the luenioglobin, with the proviso that the 
hydroxylamine need not appe.ar directly from 
the moleeul.ar nitrogen but po:-sibly after a 
number of intermedi.ite .etages : 

Nj-f inctlin-moslotiln (FcHi) _i. 

NH;OH-i bTtnotflot.In (fell) 
NH.OH-fCOOH CO CH. COOH -v 

COOH C(NOH) CH; COOH H;0 ; 

COOHC(NOH)CH..COOH w 

Iteiluctlnn 

C00HCHNH;CH;-C00H. 

Lelche (Z. physiol. Chem. 1912, 80, 112) had 
already noted that liyilroxylamine reacts with 
ox.vhn'moglobintoform luenioglobin and nitrogen. 

The jKisition at present conet'niing .symbiotic 
nitrogen-fixation apiK-ars to 1 k’ that Virtanen’.s 
hydroxylamine hypothe-is has the gre.itest 
weight of ex|V'riniental evidence in if>< favour, 
Imt that much more work is required for the 
e-.tnblishment of the details of the chemical 
mechani'-ms involved. 

.1. H. Q. 

NITROGLYCERIN (e. Vol. IV. 191d). 

NITROGLYCOL (r. Vol. IV. 1S9/). 
NITROLIfA” (r. Vol. II. 219r; V, G.W; this 
Vol., p. 5.5.35). 

NITRON, C;„H,eN^. mol. wt. :!12-15. 


Phr 

'I b 

PhN 


NPh 





VPh 

HC 


I. 


C-NPh 


Ph 


ir. 


l:-4-diphenyl-,3;5-c«r/<janilinodihydrotrinzolo (I) 
discovered hy Busch (Bor. 1905, 38, SSfi) may 
also ho fornmlnted with the hetnino structure(n) 
discH.s.sed hy Sehonberg (J.C.S. 1938, S21). 
Nitron crystallises in pale yellow needh's from 
organic solvents and has m.p. 189°. It forms 
many sparingly solnhlo salt.s of which the nitrate, 
picrato, and perchlorate are among tho least 
soluble ami have been used for tho gravimetric 
estimation of these acids. The reagent inaj- ho 
prepared as follows: diphenylthiourca (20 g.) 
i.s relluxcd with O-o 1. drj' benzene and dr^' mer- 
curic or lead oxide added in small portions so 
long ns a black precipitate is formed ; tho hot 
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solution is then filtered, 10 g. phenj’^lhydrazine 
added and the solution concentrated to 50 c.c. 
On coohng, if necessary -with addition of some 
light petroleum, triphenylaminoguanidine (III) 
crystallises out. In the original method (Busch, 
J.S.C.1. 1905, 24, 289) this substance was heated 
for 2 hours in a sealed tube at 175° with twice 
its weight of 90% formic acid (Vol. VI, 150a), 
the product dissolved in water, the nitron preci- 
pitated by ammonia and extracted with chloro- 
form. A method which avoids heating in a 
sealed tube has been described (Busch and 
Mehrtens, Ber. 1905, 38, 4055 ; Desvergnes, Mon. 
Sci. 1923, [v], 13, 208; Merck, G.P. 161236). 
Triphenylaminoguanidine, 100 g., is boiled 
under reflux for J hour with 250 c.c. of alcohol 
and 100 c.c. of 40% formaldehyde. The product, 
l:4-diphenyl-3-anilidodihydrotriazole (IV), is 
oxidised in acetic acid solution, preferably by 
addition of aqueous sodium nitrite; nitron 
nitrite and nitrate crystallise out and are 
worked up for nitron as described in the first 
method. 

PhNH. 

>C:N-NHPh 

PhNH/ 

in. 

PhN N 

^C-NHPh 

NPh 

rv. 

Nitron Reagent. — The same solution is used 
for qualitative and for quantitative analysis ; it 
is prepared by dissolving 10 g. nitron in 100 c.c. 
of 5% acetic acid. Tins is sufficient for 8-10 
determinations. Small quantities of the reagent 
maj' be kept for a short time in dark glass bottles 
(Pooth, Z. anal. Chem. 1909, 48, 375). 

Detection of Nitrates. — Kve c.c. of the 
solution under examination are mixed with one 
drop of dilute srdphxu-ic acid and 5-6 drops of 
nitron reagent {v. supra) . If a nitrate is present 
(1:33,000) a precipitate is formed in 5 hours 
(Busch and Mehrtens, l.c.), or, if the quantity be 
very small, fine needles separate ; 1:60,000 may 
be detected in 2 hotu^ at room temperature or 
1:80,000 at 0° (Busch, Ber. 1906, 38, 861). A 
precipitate is not characteristic since it is given 
by the following acids at limits of concentration 
stated, where known, in parentheses : chloric 
(1:4,000), chromic (1:6,000), ferricyanic, ferro- 
cyanic, hydriodic (1:20,000), hydrobromic (1:800), 
nitrous (1:4,000) oxalic, perchloric (1:50,000), 
picric (1:250,000), salicylic, thiocyanic (1:50,000), 
thiosulphuric, tungstic. Interfering acid radicals 
must be removed before making the test ; e.g., 
treatment with chlorine has been used to remove 
HBr, iodate was found stdtable for removing 
H I , nitrous and chromic acids were decomposed 
by reaction with sohd hydrazine sulphate. There 
is a conflict of opinion regarding the effect of 
citric acid (Hes, Z. anal. Chem. 1909, 48, 81 ; 
P. Emich, “ Mikrochemisches Praktikum,” 2te 
Aufl. 1931, 100; P. von Stein, “Organic Re- 
agents in Inorganic Analysis,” 1942, p. 142). 


Determination of Nitrates (Vol. II, 
598c). — It is an advantage of the process that 
nitron nitrate contains only 16-79% HNO3 for 
there is usually a loss of 1-2 mg. on washing the 
precipitate. Satisfactory results are neverthe- 
less obtained in the Busch method (Busch, l.c., 
p. 861 ; Z. anal. Chem. 1909, 48, 368) and in im- 
provements of the original procedure Heck, 
Hunt, and Mellon (Analyst, 1934, 59, 18) found 
no adsorption of reagents in the precipitate such 
as would contribute to a balancing of errors. 
These authors adopted Gutbier’s method (Z. 
angew. Chem. 1905, 18, 494) as follows : the 
solution containing about 0-12 g. nitrate in 80- 
100 c.c. is acidified with 10-15 drops of sul- 
phuric acid diluted 2:3, heated nearly to boUing 
and 10—12 c.c. nitron reagent (v. supra) added. 
After cooling to room temperature the beaker is 
placed in ice-water for 1-1^ hours, the precipi- 
tate is then transferred to a filter-crucible, small 
portions of the filtrate being used to transfer the 
last traces of the precipitate which is then 
washed with not more than 12 c.c. iced water in 
portions of 2-3 c.c. The precipitate is dried at 
105-110°, usually for 45 minutes, and weighed 
as CjoHjgNj.HNOg. Factors: to HNO3, 
0-1679; to NO3, 0-1653; to N, 0-0373. 
Winkler (ibid. 1921, 34, 46) acidifies the solution 
with 1 c.c. glacial acetic acid, allows the liquid 
and precipitate to stand for 24 hours in the dark 
at 15-20°, and washes the precipitate with 60 c.c. 
cold saturated solution of nitron nitrate. The 
final washing is 3-5 c.c. ice-cold water (VasUieff, 
J.C.S. 1910, 98, ii, 1109). The last-named 
author allows the liquid to stand for 6-8 hours 
at 0° before filtering. Heck et al. (l.c.) carried 
out comparative determinations with 0-1200 or 
0-1201 g. alkali nitrate, with the following 
results: Gutbier-Busch nitron, 0-1191; Vasi- 
lieff-Busch nitron, 0-1194; Kolthoff, titri- 
metric -with FeS04, 0-1193; reduction with 
Devarda’s alloy, 0-1154; Moore, modified 
Kjeldahl, 0-1142. The nitron method gave 
satisfactory analyses of metaUio nitrates thus 
confirming earlier work by Collins (Analyst, 
1907, 32, 349) and Vasilieff (l.c.). Nitrates in 
presence of a number of inorganic salts have 
been determined by Gutbier (l.c.) and Hes (l.c.). 

Chlorides may interfere; Winkler (Z.c.) has 
published a table of corrections. Pooth {l.c.) 
states that hydrochloric acid in the solution 
should not exceed 100 c.c. n. per 0-1 g. nitrate 
present. 

Hydrogen peroxide required as a reagent in the 
analysis of cellulose nitrate, nitroglycerin, nitro- 
mannitol, nitrostarch, and nitrites, may contain 
nitric acid (Young and Bemays, Ind. Eng. Chem. 
[Anal.], 1940, 12, 90). Sulphuric or phosphoric 
acid, often present in hydrogen peroxide, do not 
interfere in the nitron method. 

Determination of Nitrogen in Cellulose Nitrate. 
— ^This analysis is usually carried out in Lunge’s 
nitrometer but the nitron method is an alter- 
native as shown by Busch and Schneider (Z. 
ges. Schiess- u. Sprengstofiw. 1906, 1, 232). 
About 0-2 g. cellulose nitrate is added to 5 c.c. 
of 30% sofium hydroxide solution and 10 c.c. 
of 3% hydrogen peroxide. The mixture is 
heated on the water-bath until frothing ceases 
and then over the flame rmtil solution is com- 
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Tilete 40 c.c. of water and 10 c.c. of hydrogen 
Mroxide are then added and the liquid is heated 
te 60°, 40 c.c. of 6% sulphuric acid arc intro- 
duced beneath the liquid from a pipette and the 
temperature raised to 80°, 12 c.c. of nitron 
reagent (see supra) are admixed and the beaker 
allowed to cool. It is then placed in ice-watiw 
for 1-2 hours and the nitron nitrate lillorcd off 
and weighed as already described. In the 
absence of hydrogen peroxide some of the 
nitrate radical is reduced to nitrite with a sninll 
quantity of ammonia (E. C. Worden, “ Toch- 
nologv of Cellulose Esters, 1921, I, ii, 980; I, 
iii, 1679, 2316; J.S.C.I. 1908, 27, 716). Com- 
pared with the nitrometer method the results 
were 0-13-4)-01% N lugher. 

Determination of Nitrogen in Nitroglt/ccnn . — 
A tedious process which includes saponiOcntioii 
for 2J hours with repeated small additions of 
30% hydrogen peroxide (Cope and Barnb, J. 
Amer. Cheiii. Soc. 1917, 89, 601). 

Determination of Nitrate and Nitrile in mix- 
tures, especially commercial Nitrite . — Busch (Bcr. 
1906, 39, 1401) dissolves 0-1-0-2 g. of the sample 
in a mixture of 60 c.c. of water and 20 c.c. of 
3% hydrogen peroxide which is then heated to 
70° and 20 c.c. of 2% sulphuric acid introduced 
beneath the liquid from a pipette, the tempera- 
ture is raised to 90° and 12 c.c. of nitron reagent 
added. Following the usual procedure the 
nitrate originally present together u-ith that 
formed by oxidation of nitrite is thu.s estimated. 
In a second determination a solution of about 
O'l g. of the sample in 6 c.c. of water is slowly 
dropped on to 0'25 g. of solid hydrnr.ine sulphate 
contained in a cooled flask. After completed 
reaction the solution is diluted to 100 c.c. and 
the nitrate originally present is now estimated 
as nitron nitrate (c/. OcBnor, Z. angow. Chem. 
1918,31,1,170,178). 

Determination of Nitrate atul Nitrile in 
bacteriological cultures . — Frnnzcn and I>ohmnnii 
(J. pr. Chem. 1909, [ii], 79, 330) adopt Busch’s 
method above described, but when much organic 
matter is present they add 1 c.c. of cone, sul- 
phuric acid to 100 c.c. of the solution, before 
precipitation, to prevent the formation of col- 
loidal nitron nitrate. 

Determination of Nitrate in meal extract . — 
lOTo Ganghofer (Z. Nalimngs. Gcnu.ssni. 
1910, 19, 322) describe methods of clarifying the 
exteact before precipitation with nitron reagent. 

Determination of Nitrate in soil . — ^Ijitzendorff 
angew. Chem. 1907, 20, 2209 ; cf. Seydel and 
Wichers, tbid. 1911, 24, 2010) analysed samTilcs 
contammg 20-30 p.p.m. of nitrogen n.s NO,. 

f\"ous fumes in air may bo absorbed by 
atohne hydrogen peroxide solution in which 
mtrate IS subsequently determined by the nitron 
method. According to Burrell and Seibert 

G.S Bur Minos, 1913, Bull. No. 42, 07) the air 
“Pi'^ated into a 6-10 1. bottio 
hvdmvW^ h% potassium 

and hydrogen ])eroxido 

plete Th shaken until reaction is com- 
ferred tn^n and washings are thontrans- 

aoidStr^ nff Hulphuric 

precautiouH n with the usual 

P cautions. Results are satisfactory ; 0-2 c.c. 


and 3'7 c.c. of nitric oxide measured into the 
bottio yielded precipitetes equivalent respec- 
tively to 0-2 c.c. and 3'5 c.c. For n similar 
method but with continuous aspiration, see E. 
Berl, “ Chem. -tech. Untersuchungsmethodon,” 
8to Aufl, 1932, II, i, 422. 

A^itrates in mater, if not less than 100 mg. per 1., 
an unusually high amount, may bo estimated 
with nitron (Busch, Z. anal. Chem. 1909, 48, 370). 

Determination of Picric Acid, (i) a.s nitron 
picratc, (ii) ns nitron nitrate. In the first 
method (Bii-sch and Blutno, Z. angow. Chem. 
1908, 21, 351) 150 c.c. of a solution of about 
0-16-g. of picric acid are mixed with 1-2 c.c. of 
dihito sulphuric acid, heated to ncnrl}- boiling 
and 10 c.c. of nitron reagent (c. supra) added. 
After cooling to room temperature the precipi- 
tate is collected on a filter-crucible, washed with 
60-100 c.c. of cold wntiT, dried at 110°, and 
weighed. (Factor to picric acid, 0-4232; trini- 
trocre-sol is determined similarly, factor, 0-3873.) 
In presence of sulphuric acid, phenol and the 
mono- and di nitro phenols give no prccijiitato 
with nitron (Cope and Barab, l.e.; De.svorgncs 
I.C.). Ul7. (Z. anal. Chem. 1908, 47, MO) 
obtained less convincing rc-iilts bv oxidative 
hydrolysis of picric arid in method (ii). 

Determination of Perchlorate. — This 
estimation was ilcserilKul by Cojx* and Barnb 
{l.e.) nml was adapted to tho nnaly.sis of Chili 
snllpetro by Vilrtheim (Ucc. tniv. chim. 1927, 
48, 97). The solution of tho sample is rendered 
strongly allcnlinc and trc.aterl with Devarda’a 
alloy until nitrate and chlorate are reduced ; it 
is then acidified with acetic acid and nitron per- 
chlorate, C;oH,eN|, HCIO4, precipitated hy 
addition of niln>n reagent. Tho pn-cipitato is 
nllowcii to stand for 21 hours iK’foro liltcring. 
Washing ami drying arc c.arried out as in tho 
deterniination of nilr.ato (Storm, U.8. Bur. 
Mines, 191fi, Bull. No. 9(>, fi.')). 

Determination of Chloric Acid. — Hes, 
l.c . ; Cope and Barah, l.c. 

Nitron Salts of Less Common Acids 
hnvo been prcjiarcd for ehnraetcrisation, r.g., 
fluorophospboric (Range, Bcr. 1927, 60 [B], 902) ; 
flunrosiilphonic (Traubc ct al., Bcr. 1921, 54 [B], 
1018); hexnfiuoroniilimonic, hexnfluoroarsenic. 
hcxnfluorophosphoric (I.,ange ct a!., ibid. 1930, 
63 [BJ, lO.'iS), trifliioronretie (Kwart.s, Bull. Soc. 
chim. Bclg. 1939. 48, 190). 

Defection of Pbenium . — niicroehcmical test 
employing nitron is described by Kronmann and 
Bibikova (A. l'J33, 138). 

Dcicrminalion of llhcnium . — An nitron per- 
rhonato (Vol. 11, (Jllf/; Yoting and Bernay.s, 
l.c., I. Jlcllan, “ Organic Reagents in Inorganic 
Analysis," 1911, 71). 

Determination of Tungstic Acid . — Gut bier and 
Weiso (Z. anal. Chem. 1914, 63, 420) dissolve 
about 0-16 g. of tho acid in suflicient con- 
centrated Rodium hydroxide .solution, dihito 
with hot water to 160 c.c., acidify with acclio 
acid, boil, and add nitron roagont. Tho jireoipi- 
falc after wa.shing with tho diluted rcagoiit 
(4:90) is ignited and weighed as WO3, 

Recovery of Nitron from Precipitates 
and Filtrates. — 'J’ho base is lihornted by 
addition of 6% ammonia, washed, dissolved in 
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NITRON. 


dilute acetic acid, reprecipitated with ammonia, m-Nitrophenol, prepared via the diazotisa- 
washed and dried in vacuo. The operations are tion of m-nitroaniline (Manske, “ Organic 
carried out in semi-darkness and preferably in Syntheses,” 1928, 8, 80), has m.p. 97°, b.p. 
an inert atmosphere (Colhns, Z.c. ; Cope and 194°/70 mm. It is very soluble in alcohol and 
Barab, l.c.). ether, and non-volatile in steam. 

Substitutes for Nitron. — Organic bases ^-Nitrophenoi is produced simultaneously 
yielding nearly insoluble nitrates have been with the oriiio-oompound in the processes 
described but have not been developed into already described for the nitration of phenol, 
routine reagents, they include cinohonamine A useful special method is the oxidation of p- 
(Vol. Ill, 162a; Howard and Chick, J.S.C.I. nitrosophenol (Robertson, J.C.S. 1902, 81, 
1909, 28, 63), di(a-naphthylmethyl)amine (Rupe 1477 ; Boslovskii and Mamntov, Khim. Referat. 
and Becherer, J.C.S. 1923, 124, ii, 577), “ for- Zhur. 1940, No. 2, 27). It has m.p. 114°, is 
nitral ” (Vol. V, 327) which is a salt of nitron. very soluble in alcohol, ether, and hot water, and 
Nitron as accelerator in the vulcanisation of non-volatile in steam. Seaman, Norton, and 
rubber. — ^Romani, Chem. Zentr. 1924, 1, 2647. Snndberg (Ind. Eng. Chem. [Anal.], 1940, 12, 

J. N. G. 403) describe a teclmique for the determination 
NITROPHENINE YELLOW. A direct of o-nitrophenol as an impurity by fluorescence 
cotton dyestuff formerly prepared by coupling analysis after reduction and reaction with 
diazotised p-nitroaniline with dehydrothio-p- benzoic acid. 

toluidinesulphonic acid and optionally also with 2:4-Dinitrophenol. — ^The literature con- 
primuhne ; it gives yellow shades which are not corning this compound is reviewed and the 
fast to hght, alkalis or acids. processes of its manufacture from 2:4-dinitro- 

J. N. G. chlorobenzene and from phenol described in 
NITROPHENOLS AND THEIR detail by Desvergnes (Chim. et Ind. 1931, 26, 
HOMOLOGUES. o-Nitrophenol .— If oxi- 607, 1271; 1932, 27, 278, 527). Shorygin, 

dation and formation of tarry materials are to be Topchiev, and Anan’ina (J. Gen. Chem. Russ, 
avoided the nitration of phenol must be carried 1938, 8, 986) claim that 76% of 2:4-dinitro- 
out under very mild conditions, when the phenol may be obtained directly from phenol 
reaction is not directly comparable to normal using liquid nitrogen peroxide, provided that the 
aromatie nitration. The presence of small highly exothermic reaction be moderated by 
amounts of nitrous acid is essential ; this is not maintaining at 0°. Zakharov (J. Chem. Ind. 
explained simply by the formation of nitroso- Russ. 1927, 4, 960; 1928, 5, 26; 1929, 6, 698), 
phenols followed by their oxidation regenerating has examined the mercury- catalysed nitration 
nitrous acid, since approximately equal proper- and oxidation of benzene (Wolffenstein and 
tions of 0 - and p-nitrophenols are produced Boters, G.P. 194883; Ber. 1913, 46, 688). 
instead of mainly the para-. The reaction must He finds that catalyst solutions which yield 
proeeed via two complexes between phenol and initially only 40% of the product can give up to 
nitrous acid, which are decomposed oxidatively 80% after repeated use, and thus a continuous 
at different rates (Veibel, Ber. 1930, 63 [B], process is desirable. The reaction temperature 
1577, 1582, 2074; Z. physikal. Chem. 1930, is between 20° and 30°. Bradner and Beall 
B 10, 22). Beaucourt and Hammerle (J. pr. (U.S.P. 1723761) also describe a continuous 
Chem. 1928, [ii], 120, 185) allow phenol, liquified process in which nitrogen peroxide, oxygen, and 
by water, acetic acid or alcohol, to drop into benzene are fed into the agitated reaction 
well-stirred nitric acid of p 1'35 at 8° over a mixture of mercury catalyst and acetic acid, 
period of 1 J hours. Steam distillation yields The nitric acid concentration is kept at 45-50%. 
40% of o-nitrophenol, leaving an almost equal It forms practically colourless crystals of m.p. 
quantity of the para-isomer. Some 2-5% of 114°, soluble in organic solvents and steam 
2:4-dinitrophenol is also produced. Increasing volatile. 

the density of the acid to 1-42 gives rather more 2:4:6-Trinitrophenol v. Piomo Acid (Vol. 
para-, whilst a temperature of 16-20° gives more IV, 4766). 

ortho-. 25% of the orilio-compound and 60% 4:6-Dinitro-2-aminophenol (Picramic Acid) 
of the para- may be obtained using acid of is prepared by partial reduction of picric acid 
density 1'4 at 16° in chloroform (Baroni and by sodium sulphide (Brand, J. pr. Chem. 1906, 
Kleinau, Monatsh. 1936, 68, 251). Other [ii], 74, 472), hyposulphite (Seyewetz and Blanc, 

nitrating agents, benzoyl (Francis, Ber. 1906, Chim. et Ind. 1930, 25, 605 ; Clayton, J. Soc. 
39, 3798) and acetyl nitrate (Pictet and Dyers and Col. 1930, 46, 365) or iron and salt 
Khotinsky, ibid. 1907, 40, 1163), may be used (Lyons and Smith, Ber. 1927, 60 [B], 181). It 
in the laboratory with sacrifice of convenience, has m.p. 169°, is soluble in benzene, acetic acid. 
Nitrogen dioxide reacts smoothly in organic and alcohol, and sparing so in ether and water, 
solvents giving rather more para- than ortho- Nitrocresols. — The existing methods of 

compound (Wieland, ibid. 1921, 54 [B], 1780; preparation of the ten mono-nitrocresols are 
Monti, Gazzetta, 1937, 67, 628). discussed critically, and improvements described 

o-Nitrophenol may also be prepared from the by Clemence and Raiziss (J. Amer. Pharm. 
corresponding chloronitrobenzene (Engelhard Assoc. 1934, 23, 663). Other referenees are 
and Latschinow Z. fiir Chem. 1870, 231) and given in the table shown on the opposite page, 
from nitrobenzene (Wohl, G.P. 116790; Ber. Nitroxylenols. — Rowe et al. (J.S.C.I. 1930, 

1899, 32, 3486) by treatment with caustic alkali. 49, 469t ; 1931, 50, 79t) describe the nitration 
It forms yellow needles, m.p. 45°, b.p. 216°, of xylenols. 

sparingly soluble in cold water, easily in hot Nitroresorcinols. — The preparation of 2- 
alcohol and ether, and readily volatile in steam, and 4-mononitroresorcinols by direct nitration 



Compound. 
3-Nitro-2-creso! . 


M.p. 

70“ 


4.Kitro-2-cresol . . US' 


5-Kitro-2-cresol . 
2-Nltro-3-cresol . 


9G° 

41° 


4-Xitro-3-crcsol . . 56 


5- }(itio-3-cresol , 

6- Xitro-3-cresol . 

2- Kitro-4-cresol . 

3- Kitro-4-crcsol . 
3:5-Dinitro-2-creso! 


4;6-BinItro-3-crcsol 

2:3-Dlnltro-4-crcsol 

3:5-Dinitro-4-crcsol 


Prcparntion. 
Ifitration of o- 
crcsol. , , 
Nitration and de- 
amination of o- 
tolnidlne. 
Nitration of o- 
crcsol. 

Nitration of ni- 
cresol. 

Nitration of siil- 
phonated m- 
crcsol?. 

Nitration of m- 
crc50l. 

Amyl nitrite on 
m-crcsol. 

90-91° Prom 5-nllro-3- 
toluidlne. 
Nitration of rn- 
crcsol. 

From 2-nitro-4- 
tolnldinc. 

36-5° Nitration of r- 
crcsol. 

SC-5° Nitration of o- ^ 
cresol. 

From dibromo-o- 
crcsol. 

From dlsnlplion- 
ated 0 - tolui - 
dine. 

101° Nitration of ni- 
crcsol. 

169’ Nitration of 2- 
nitro-4-crcfol. 

84° Jtcrcurlc clilorlde, 
sodium hydr- 
oxide on 3:6- 
dlnltrotoliienc. 

Nitration of p- 
crc.sol. 


Ecf. 

I 


;,.NITR0S0PHEN0L. . 

4-NITRO- m- PHENYLENEDIAMINE, 

N 

NH; 

^ NO 


5. ^ 


129“ 

70“ 


)2 


J4 


13 


17 


CgH.O 


2' 3* 


1 Gibson, J.C.S. 1025, 127, 44. 

* TJUmann and Fitzenbam, Bcr. 1905, 38, 3791. 

3 Gibson, J.C.S. 1923,123, 1271. 

* Hodgson and Bearo, ibid. 1925, 127, 49S. 

s Khotinsky and Jacopson-Jacopm.ann, Her. 1909,42, 
397. 

e Baronl and Kleinau, Monatsli. 1930, 68, 251. 

’ AjeUo and Sigilla, Gazzetta, 1939, 69, 67. 

* Nc^11e and W inther, Ber. 18S2, 15, 29S0. 

’ Harvey and Hobson, J.C.S. 193S, 09. 

Frye and O’Neal, U.S.P. 2130187. 

II Bovini, Amer. Chem. .\bstr. 1028, 22, 1578. 

13 Bures, ibid. 1928, 22, 63. 

13 Datta and Yarma, J. Indian Chem. Soc. 1927, 4, 
321. 

'■I Shorygin, Topchlev, and Anan'ina, J. Gen. Clicin. I 
Euss. 1933, 8, 980. 

15 Dadswell and Kenner, J.C.S. 1927, 5S0. 

>« Hodgson and Smith, ibid. 1930, 2035. 

” Monti, Gazzetta, 1937, 67, 023. 

of resorcinol is described by I.G- Farbcnind. A.-G. 
(G.P. 633982) and Hodgson and D 3 ’son (J.C.S. 

1935, 948). 

2:4:6-Trinitroresorcinol {Slyphnic Acid) is 
prepared by adding resorcinol portionmiso to 
sulpburic acid at 40°, beating the resulting solu- 
tion on the steam bath, cooling to 0° and 
nitrating. On pouring into water the product 
crystallises (Merz and Zetter, Ber. 1879, 12, 
2037 ; Sab, Amer. Cbom. Abstr. 1932, 26, 
5927). Industrially, a similar process (Wilkin- 
U.S.P. 2240963), or, alternatively, the 
nitration of dinitroresorcinol (Jones and Roberts, 
U.S.P. 2301912) may be employed. Stypbnic 
acid forms yellow needles from ethyl acetate, 
m.p. 179-180° which explode on rapid heating ; 
it is soluble in alcohol and ether, and sparingly 
so in water. It is useful for the identification of 
aromatic hydrocarbons (Brass and Fanta, Ber. 

1936, 69 [B], 1) and alkaloids as their molecidar 
complexes. 

G. W. K. 


obtained from difonnyl-m-phcnylcncdi.amino 
which is iiitrntori to give fhi' •j-nifro-dt'rivnti\o 
from whicli the formvl gnmp'. are th< n n-moved. 
yield ca. 90% (Gonionov, IJ. 1931. 792): nRo 
prcp.ired by htafing •J-iiilnmnilinf'-.^-Milphonic 
acid with nmmoni.a to IPO" (.Acfn, G.P. 13013S). 
It forms yclIowi«h-retl jiri'-ms with a blue reflex, 
m.p. 161°. It is used .ns .n eoupling romimnent 
in a number of fast dyesinfis for cotton, t.y., 
Pyraminc Orange 3G, R, and 2R, and aho for 
dyeing fur and fi’.nthers (G.P. 262092). 

•I. Ni Ct. 

NITROSO-COLOURING TwIATTERS 

aroderivcil from nilro’-ophemds {f|ninoncoximf s, 
r. ji-NiTiiosortirsoi.) by fnrmitic: their colotm<l 
insoluble co-ordination compound*- ctmtaining 
iron, chrominm, cobalt, or nick'd, c.r;., Xnjihthol 
Green B, the complex ferric sodium s-nlt of I- 
nitroso-2-nn])hthol-6- sulphonic acid (c/, \ td. I, 
26.'}a; HI. 33-*c). The*"* compounds may 
precipitated for me a,s pigment** or tin* rc.action 
may take pl.nce on a suit. ably prcp»rc<l fabric 
to give a dyed material. C\>rrc''ponding cop{v>r 
(Vol. n. .58(5';) ntu! cobalt (\'ol. II, 052'/, 578';, 
012c) comiKuinds of oxiine.s an* ntili'-cd in 
nnnlvtic.nl M*p.nration«. 

J. 2s. G. 

p - NITROSODIMETHYLANILINE, 
C«H„ONj. 


(CHsl.N 


NO 


preparcrl by adding a conw'ntrateil solution of 
sodium nitrite to a strongly ctmled solution of 
dimcthylnniline in 20% hyd'rocliiorie acid, when 
the hj’droehloride sep.nratos ns yellow ery.stnls, 
m.p. 177° (docon)p.). Tlio free base, 'green 
leallets from ether, lia.s m.p. 92*.'>-93-5°. Re- 
duction with tin and hydroehloric acid gives 
NN-dimethyl- 7 )-phenylencdiamino. It is an 
intermedinto for many dyc-stuffs, c.g., it con- 
denses with /?-naphthoI to give Mcldola’s Blue, 
cf. Cafri Bi,ui:. 

J. N. G. 
p-benzo~ 

):NOH 


P-NITROSOPHENOL 

quinonc monoxime (II), 


(I), or 


HO<! 


>NO 


I. 


IT. 


Yellowish needles, decompose at 124°. The 
same compound is precipitated in two reactions 
which are related respectivoly to the two 
formula); (I) bj’ the interaction of phenol, 
potassium nitrito, and ncotic acid, and (11) from 
qumono and hydro.xylnmine hydrochloride. 
Bor metallic salts of oxime structure (II), 
V. Nitroso-colouring JIattrrs (e. supra). 

J. N. G. 
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NITKOSULPHUEIC ACID. 


NITROSULPHURIC ACID, Saltpeter- 
schwefelsaure (Germ.), an old name for an acid 
assumed to exist in mixtures of concentrated 
nitric and sulphuric acids ; its salts termed 
nitratosulphates are known, e.g., the mineral 
darapskite, Na 2 S 04 ,NaN 03 ,H 20 . A related 
compound is nitrosylsulphuric acid, 

ON-OSOaOH, 

cf. Elliott et al., J.C.S. 1926, 1219; J. W. 
Mellor, “ Comprehensive Treatise on Inorganic 
and Theoretical Chemistry,” Vol. II, 1922, 
pp. 691, 816 ; Vol. VIII, 1928, p. 696. 

J. N. G. 

NITROSYLS, METAL. Metal nitrosyls 
may be defined as compounds the molecules of 
which contain one or more nitrosyl (NO) groups 
directly bonded to a metal atom. The number 
of known compounds of this type is not large, 
and their formation is largely characteristic of 
the group of elements comprising iron, cobalt, 
nickel, and the platinum metals ; these are also 
typical carbonyl-forming elements (». Cah- 
BONYLS, Vol. II, 357a), and the nitrosyls and 
carbonyls are closely related classes of com- 
pounds. 

Metal nitrosyls containing no group other than 
NO attached to the metal atom are not well 
established compoimds ; in this respect the 
nitrosyls differ, as a class, from the carbonyls, 
for a number of carbonyls contain metal atoms 
bonded to CO groups only {cf. Welch, Chem. 
Soo. Annual Eep. 1941, 38, 71). The existence 
of a cobalt nitrosyl, Co ( N 0 ) 3 , has been reported 
(Hieber, Angew. Chem. 1936, 49, 463; 

G.P. 613400, 613401, 1932), but full details of its 
preparation and properties are not available; 
if its existence is confirmed, this compotmd will 
provide the first authentic example of an un- 
substituted metal-nitrosyl. Supposed “ nitro- 
syls ” of iron [Fe(NO) 4 , Manchot and Enk, 
iWalen, 1929, 470, 275] and ruthenium 
[Ru (N 0)4 or Ru (N 0 ) 5 , W. Manchot and W. J. 
Manchot, Z. anorg. Chem. 1936, 226, 410] may 
contain nitrosyl groups, but their constitution 
is open to question, and they are probably not 
simple nitrosyls ; the iron compound has been 
formulated as a hyponitrite, [Fe(N 0 ) 2 ]N 202 . 
It is noteworthy that the cobalt compo\uid, 
Co (N 0 ) 3 , is allowed for by the general struc- 
tural principles applying to most of the simpler 
nitrosyls and carbonyls, but that the supposed 
iron and ruthenium compounds cannot be 
formulated in any simple way. 

Nitrosyl Carbonyls. — ^The nitrosyl car- 
bonyls of iron and cobalt, Fe(CO) 2 (NO )2 and 
Co(CO) 3 NO, are volatile compounds which 
estabfish the close link between the carbonyls 
and the nitrosyls. Both form red liquids. The 
iron compound, m.p. I8'4°, b.p. ca. 110°, is 
prepared (Hieber and Anderson, ibid. 1932, 208, 
238) by the action of nitric oxide on iron tetra- 
or ennea-carbonyl (Vol. II, 368o). The cobalt 
compound, m.p. — 1-1°, b.p. 78-6°, is simDarly 
obtained from cobalt tetracarbonyl (Vol. II, 
358c), but other methods of preparation are also 
available ; in one of these carbon monoxide is 
passed into an alkaline solution of a cobalt salt, 
containing cysteine, which is afterwards acidi- 
fied ; nitric oxide is then passed into the solution. 


and cobalt nitrosyl carbonyl is evolved as vapour 
(Coleman and Blanchard, J. Amer. Chem. Soc. 
1936, 58, 2160; Blanchard and Gilmont, ibid. 
1940, 62, 1192). Alternatively, carbon monoxide 
may be absorbed in an alkaline suspension of 
cobalt cyanide or sulphide, and nitric oxide 
passed into the resulting solution (Blanchard, 
Eafter, and Adams, ibid. 1924, 56, 16). Some 
reactions of the nitrosyl carbonyls of iron and 
nickel have been studied by Hieber and Anderson 
(Z. anorg. Chem. 1933, 211, 132). 

On structural grounds, nickel might be ex- 
pected to form a nitrosyl carbonyl of formula 
NUNOaCO, but this has never been isolated. 
The action of nitric oxide on slightly moist nickel 
carbonyl, in an inert solvent or in the absence 
of a solvent, affords the hydroxide, Ni (NO)OH, 
of the univalent Ni(NO) radical; other closely 
related compounds are formed in the presence 
of an alcohol (Anderson, ibid. 1936, 229, 
357 ; Frazer and Trout, J. Amer. Chem. Soc. 
1936, 58, 2201). By analogy with iron and 
cobalt, formation of nitrosyl carbonyls of 
ruthenium and osmium [Ru (CO) 2 (NO )2 and 
Os(CO) 2 (NO) 2 ] and of rhodium and iridium 
[Rh(CO) 3 NO and lr(CO) 3 NO] may also be 
predicted. These compounds have not yet been 
reported, but recent progress in the study of the 
carbonyl chemistry of these elements fully 
confirms their close analogy to iron and cobalt. 

Like the carbonyls, the nitrosyl carbonyls give 
rise to a number of complex derivatives con- 
taining amine or other groups co-ordinated to 
metal atoms (see Hieber and Anderson, Z. anorg. 
Chem. 1933, 211, 132 ; H. J. Emel^us and J. S. 
Anderson, “ Modern Aspects of Inorganic 
Chemistry,” London, 1938, Chap. XII). 

Metal Nitrosyl Halides and Other 
Nitrosyl Derivatives. — ^Among other simple 
metal nitrosyls are the nitrosyl halides of cobalt, 
of formula Co (N OljX, X being a halogen atom. 
These compounds are prepared by the direct 
action of nitric oxide on the anhydrous cobalt 
halides at about 60° (Hieber and Marin, Z. 
anorg. Chem. 1939, 240, 241). The iodide reacts 
most readily, giving the nitrosyl compound as 
dark brown, or black, shining crystals ; with the 
bromide or chloride the reaction is complete only 
in presence of a halogen-acceptor, such as 
metallic zinc or cobalt, which combines with the 
halogen set free in the formation of the nitro.syl. 
These nitrosyl halides are very stable, and can 
be sublimed without decomposition. Iron gives 
formally similar compounds of the type 
Fe(NO) 2 X (Manchot and Fischer, Dissertation, 
Munchen, 1937). A group of “ nitrosyl mer- 
I captides ” is known which is clearly related to 
the nitrosyl halides, and includes compounds of 
the types Fe(NO) 2 SR, Co(NO) 2 SR, and 
Ni(NO)SR, R being an alkyl group (Eeihlen 
et al., Annalen, 1927, 457, 71 ; 1928, 465, 
72; 1929, 472, 268; 1930,482,161; Manchot 
and Davidson, Ber. 1929, 62 [B], 681). Eoussin’s 
salts (u. Vol. VII, 60c), particularly the red 
salts of the type Fe(NO) 2 SM^^, are of a similar 
group. 

Nitrosyl halides in which the nitrosyl group 
functions as a co-ordinated addendum in com- 
plexes of more familiar constitution include 
Mi[RuCl 5 NO], well known in ruthenium 
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chemistry (Manchot and Schmid, Z. anorg. 
Chem. 1933, 216, 99), and the analogous osmium 
compounds, MjEOsCIsNO] (P. Pascal, “ Traite 
de Chimie Mineralo,” Vol. XI, 193-, 

n 370) Closely related to thcso halides aro 
complex cyanides, of which the “ nitroprus- 
sides,” Mj[Fe(CN)5NO] (v. Vol. Ill, 477a)^ 
and the similar compounds M3[Fe(CN)jNO] 
(Manchot and Woringer, Per. 1912, 45, 2SG9; 
1913, 46, 3514), aro familiar examples. Other 
complex nitrosyl cyanides include 


attained in all simple carbonyls. The structures 
of iron and cobalt nitrosjd carbonyls, ns deter- 
mined by electron diffraction, aro also in accord 
with the mode of bonding just described (Brock- 
way and Cross, J. Chem. Physics, 1935, 3, 828; 
Brockway and Anderson, Trans. Paraday Soc. 
1937, 33, 1233). For further information on the 
constitution of nitrosyls (and also carbonjds), 
see Blanchard, Chem. Boviews, 19-10, 26, 409. 

A. J. E. W. 

4-NITROTOLUENE.2-SULPHONIC 
AGIO, Tp-nitrotoliic7ic-o-sul])hon{c acid, 


M3[Mn(CN)5NO] 


SOsH-CoHaMe-NOj, 


(Manchot and Schmid, ibid. 1926, 59 [Bj, 2360), 
Mj[Ni(CN)3NO] (Manchot, ibid. p. 2-1-lS), 
and M2 [Ru(CN) 5NO] (Manchot and Busing, 

ibid. 1930, 63 [B], 1226). 

Association of nitrosjd and thiosulphate 
groups is found in the cobalt nitro.sjd thiosul- 
phates, M^[Co(NO)„(S» 03)2] (Manchot cl al., 
ibid. 1926, 59 [B], 24-45 ; 1929, 62 [B], 681) and 
in related compounds of iron and nickel, 
Mi[Fe(NO)„(S,03)] and 

Mj[Ni(N 0 )(S, 03 ) 2 ]. 

An iron nitrosjd sulphato, Fe(N0)S04 (r. 
Vol. m, 686) finds application in the “ brown 
ring” test for nitrates (r. Vol. II, 572c), and in 
the purification of nitric oxide; it is an unstable 
brown substance. The corrc.sponding sclenntc, 
Fe(NO)Se04, has been isolated as a crystalline 
solid (Manchot et ah, Annalen, 1910, 372, 165; 
Ber. 1914, 47, 1601; Z. anorg. Chem, 1924, 
140, 37). 

Por some other more complex nitrosjd deriva- 
tives of metals, see Emcldus and Anderson, 
op. cil., and Welch, Chem. Soc. Annual Rep. 
1941, 38, 71, 

Valency Relations In Metal Nitrosyls. 
—The constitution of the more complex metal 
mtrosj’ls still remains to bo established, but the 
simpler compounds of tho group can be formu- 
lated satisfactorilj' if it is assumed that attach- 
nient of a nitrosyl group to a metal atom involves 
donation of three electrons from the nitrogen 
atom to tho metal. This process ninj’’ bo con- 
sidered to take place in two stages : (a) loss of 
one electron from tho NO group, and incorpora- 
tion of this electron into tho electron orbits of 
the metal atom; and (6) atlnclinient of tho 
resulting positively charged [NO]'*' group to 
the metal by an ordinary co-ordinate bond (v. 
f nitrogen atom donating 

two further electrons to the metal, as below. 


M ;N:::0: 

(“) [-M]- [:N:::O0+ 

(^) -MiNmO: 


(The metal atom is here shown without rci 
charge, or to tho presence of o 
attached groups, and nitric oxide is formuli 

sfn, rcsom 

straoture.) The nitrosyl carbonyls, particulr 

formulated on this basis, 
“ Tn ^i'Oms m their molecules reaching 
rare-gas structure ” which is believed tc 
VoL. VIII._38 


obtained bj' sulplionr.ling p-nitrotoluenc ivith 
fuming sulphuric acid *t 100° (Knstlo, Amcr. 
Chem. J. 1910, 44, 484) crystnlli.^cs from water 
ill plates, wdtli 2H;0, ni.p. 133-5°, .soluble in 
alcohol, ether, and acotone, Tho aqueous solu- 
tion turns deep red when warmed with sodiuin- 
hydroxidc solution and a .series of sfilbeno 
dj-cstuffs (Vol. IV, 22 lo) is formed bj- alkaline 
eonden.sation under varied conditions. 

,1. X. G. 

NITROTOLUIDINES. McGookin and 
■Swift (J.S.C.I. 1939, 58, 152) have iiivc.stigatcd 
tho nitration of acctotoluidide.s and obtained the 
following j-ields of nitroncetotoluidides, which 
maj- suiisequentlj- bo hj-drolj-.scd ; from acet- 
o-toluidido, 3.3% of 3-nit n>-, 27% of 4-nitro-. 
28% of 5-nitro- ; from aect-m-toluidide, 10”,', ot 

4- nitro-, 65% of 6-nit ro- ; from ncet-p-tohiididc, 
83% of3-nitro-, 5-9^o of 3;5-dinitro-. 'J'lie last 
reaction is also de.scribed bj- Bisuell and Wirth 
(U.S.P. 2128511), The pn-parntion of 2- and 

5- nitro-m-toluidines has been carried out bj- 
reduction of 2:3- and 3;5-dinilrotolueno bj* 
stannous chloride (Burton and Kenner, J.G.S. 
1921, 119, 1017) and ammonium suljihide 
(Jlorlon and McGookin, i6i(/. 1931, 910), n'Sjmc- 
tivelj-. Morion anil McGookin (f.c.) describe 
the ab-norption .speclni of all ten nioiionitro- 
loluidines. 

McGookin (J.S.C.I. 1911, 60, 297) has reccntlj- 
dc-scribed the pn-paratioii of 3:5-, 3:6-, and 5:6- 
dinitro-o-toluidincH. 

G. W. K. 

NdIMOWOOD. Optbe. Kgbesi iroiw Sar- 
coccphaUt.H c.rcidc/ifus (Fain. Rubiacem) a tree 
growing in tropical W. Africa, has been used 
for furniture and jiarquct flooring (Chevalier, 
Rev, Bol. Appl. 1938, 18, 176). The wood 
j’iclds a j-ellow bitter extract formerly con- 
sidered to possess febrifuge properties. The 
bark and root (“ I’each root ’’) were exported to 
I’Vnnce and believed to bo substitutes for 
cinchona bark since thoj- arc used for this pur- 
jiose in native medicine. Tho presence of tho 
alkaloid “doundaldiio” in the bnrk(Bochofontaino 
cl al., Compt. rend. 1883, 97, 271) has been 
denied (Ilockol and Schlagdonhauffon, ibid. 
1885, 100, 69; Bull. Imp. Inst. 1915, 13, 46). 
'The leaves contain traces of an alkaloid 
(Boorama, Bull. Inst. hot. Buitonzorg, 1902, 14, 
25). Tho yellow dj'cstiiff from tho wood has 
no importance for European practice (Dalziol, 
“ Useful Plants of West Tropical Africa," Crown 
Agents for tho Colonies, London, 1937, 411). 
Obordoorffor (Tropcnpflanzor, 1938, 41, 25) has 
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“Niobium” is used in British publications 
usuaUy and “ columbium ” in American publi- 
cations. It has not been considered u-orth 
■vriiile to attempt to standardise tho names of the 
elements for language differences as the words 
are too common and too well cstabhshed. A 
few of the isotopes have been given names, ns 
by use of tho prefix radio- Completely different 
names for isotopes are deuterium and tritium 

for =H and ®H. , 

The tmsystemntic names fircquently possessed 
by compounds are called “trivial” names 
(German TriviaJnamen) for lack of a better 
designation. In tho early days such names were 
often long, as “ powder of tho Count of Palma ” 
for magnesium carbonate, but in more recent 
times short, single-word trivial names have been 
usual. These names play a useful r 6 Ie, ns many 
systematic names are inconvcniontl}’ long and 
unnecessary' for most uses. Jloreover, many 
trivial names servo as stem words for systematic 
names of derivatives and they may suggest 
source, a property or tho h’ko. Often when a 
compound first needs a name not enough is 
known about it for systematic naming to bo 
possible. 

Numerous examples of unnecessary and 
troublesome duplications of names are still 
encountered to-day. However, in 63 'stcmntic 
nomenclature there are often several possi- 
bilities for a given compound, particularly a 
complex compound, no one of which is neces- 
sarily best. Since tho names are systematic this 
situation does not present a serious probfem and 
may even have advantages, ns in teaching and in 
presenting different relationships or points of 
view. Organic compounds of mixed function 
may bo given names in which any one of tlio 
functions is chosen to dominate. Even among 
the simpler inorganic compounds there are 
different possibilities of s^'stemalic naming ; 
these do not present serious difficult}'. Examples 
of this influence of difforcnecs in point of view 
or in system of naming will bo brought out 
later. 


A very broad influence on nomenclature whi( 
may be attributed to point of view lies in tl 
fact that chemistry, as indeed life itself, 
largely based on water. Aqueous systems a 
the common kind studied in chemistry' at 
thinking is in terms of them. Wo live in a wat 
world. E. C. Franklin has shown that coi 
pounds dissolved in liquid ammonia behave 
such a way as to justify, from that viewpoin 
an entirety different nomenelnturo from tho 01 
eveloped from tho use of water ns tho commi 
solvent. Indeed, Franklin pointed out ( 
Amer. Chem, Soc. 1924, 46, 2137-51) that in 
y oxj'gen, but also sulphur, nitrogen, tl 
halogens and, to a recognisable extent, ov( 
Tnpnt°q°’- ^“se-, and salt-forming cl 

I''‘'’oisicrian sense und 
®°l'^cnt. In an imaginai 
ammonia world the amides, imidos, and riTtrid 

S? .uncinh,),, HN 


world would be primnrj' and secondary' amines 
according to our nomenclature and phenol 
would bo aniline. Tho ethers would bo tho 
tertiary amines. Franklin’s nomenclature for 
compounds from that viewpoint is at least of 
academic interest. 

A strong influence in tho development of 
e 3 ’stcmntic chemical nomenclaturo has been the 
requirement of indc.xcs for 83 'stein in the listing 
of compounds. This has led to much useful 
work b}' editors, done in order that the indexes 
I for which thc}' arc responsible might serve ns 
an offectivo ko}' to tho literature concerning tho 
compounds recorded. An abstract journal 
covering the chemical literature of the world 
ma}’ have occasion to index ns niaiy ns 25,000 
compounds in a 3 -car and nn 3 thing less than the 
use of rigidly .systematic nnme.s for these com- 
pounds could not help but result in a con- 
fusing subject index, with scattered entries and 
impaired usefulness. What is true of nnininl 
indexes is still truer of collective indexe.=», such 
ns those of tho Zeitschrift fflr nnorganische und 
nllgcmeinc Chcinie. British Chemical and 
riy.riologienl Abstracts, Cltemieal .Abstracts, 
and Chemi.sclics Zontrnlblntt. The introduc- 
tions to such publications often contain valuable 
information for tho student of chemical noincn- 
elnture. 

Aside from theirwork with indexes, the editors 
of the numerous scientific and technical journals 
have a real responsibilit}' in tho control of the 
nomenelnturo used in their publications. They 
have to deal with tho product of man}- workers, 
some of wltom aro uninformed or not Miffieiently 
careful in regnnl to the w-ortls which the}' use. 
This re.sponsibilil}' has Itecn rceogni'cd by the 
frequent inclusion of editors on the nomen- 
clature committees of national chemical societies 
and of the International Union of Cheinistr}-. 
Directions for authors and abstraetons issued b}’ 
jounial cilitors are another Jielpful source of 
information on nomenclature. 

Other General Consldertitlons. — An 
effective device commonlv u.scd in chemistry 
has been the use of significant endings in the 
names for chemical substances, with classifi- 
cation ns tho chief objective. I'his has been 
done to a limited extent for the elcincnt-s, as 
with tho -turn ending much used in the more 
roconll}' named metals and of -on, ns in tho 
names of tho inert gases. The -on ending has 
also been used b}* physicists and chemists in tho 
naming of ultimnto particles, ns in magneton, 
proton, doutoron, and photon. A more elfcctivo 
use of significant endings, however, has been in 
tho naming of compounds. Tho use of tho end- 
ings -ide, - 1 ( 0 , -ate, -ous, and -fc in inorganio 
chomistiy' w-ill be discussed later, as will also tho 
u.so in organic cheinistr}' of such endings ns -ano, 
-ino, -ol, and -}'!. 

It is natural that different forms of a w ell- 
known substanco should rocoivo individual 
trivial names, ns charcoal, graphite, and dia- 
mond, or chalk, marble, Iceland spar, etc. 
Mineralogists have their own names for native 
chemical compounds, customarily using tho 
ending -tic; ns, sphnlorilo for native zinc sul- 
pliido, or calcite and aragonite for two diflcrent 
crystal forms of native calcium carbonate. 
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Cliemistry lias had industrial applications from 
early times, starting principally with metallurgy. 
The application of chemistry in medicine also 
came early. Industry has had much effect on 
usage of chemical names. Trade names are 
numerous and frequently different manu- 
facturers of a given chemical compound apply 
different names to the product thus variously 
produced. These names sometimes appear in 
technical literature without adequate defimtion 
and are troublesome to the reader. Occasionally 
a trade name, as adrenaline, comes to be so 
commonly used that it is taken over into the 
native language as a regular word. If a trade- 
mark name has not reached such a stage, usage 
favours a capital letter to begin the name when 
written or printed.* Good sources of infor- 
mation on trade names are : “ Chemical 

Synonyms and Trade Names,” by Gardner (The 
Technical Press, Ltd., London, 1936), “ Trade- 
Names Index ” (Special Libraries Assoon., New 
York, 1941) ; “ Where to Find the New Trade 
Names,” by Amoss (A. M. Amoss, Edgewood 
Arsenal, Maryland, 1940) ; “ Modem Drug 

EncyclopEBdia and Therapeutic Guide,” by 
Gutman (New Modern Drugs, New York City, 
1941) ; “ The Condensed Chemical Dictiona^,” 
by Gregory (Reinhold Publishing Corporation, 
New York City, 3rd ed., 1942) ; “ Chambers’s 
Technical Dictionary,” by Tweney and Hughes 
(The Macmillan Company, New York and 
London, 1940) ; “ The Merck Index ” (Merck 
& Co. Inc., Rahway, N.J., 6th ed., 1940); 
“ New and Non-official Remedies ” (American 
Medical Association, Chicago, Illinois, appears 
annually) ; and (for dye names) “ Colour 
Index,” by Rowe (Society of Dyers and 
Colourists, Bradford, Yorkshire, England, and 
D. Van Nostrand Co., New York, 1924). 

Industry tends to lag behind in the reform of 
chemical nomenclature, but there has been 
improvement in this respect in recent years. 

Spoken and Written Forms. — Sometimes 
names which are satisfactory for use when 
written or printed are not completely satis- 
factory as spoken words because pronunciation 
is identical with that of some other name. The 
words “ benzene ” and “ benzine ” provide an 
example and so do “ fluorene ” and “ fluorine.” 
This situation often results from changes in 
endings to conform with nomenclature rules. 
Benzene was previously called benzol. 

Conflicting usage is very common in the 
written form of organic names in that some 
authors use a single word without hyphens, 
as phenyldiethylcarbinol ; some hyphenate, as 
phenyl-ffiethyl-earbinol ; and others split such 
names into parts, as phenyl diethyl carbinol. 
It is eonsidered good practice to limit the use 
of hyphens in organic names to the attachment 
of position numbers, symbols, and the like, as 
l-sec-butyl-4-iodobenzene and oj-amino-m-toluic 
acid. Some chemical names are properly single 
words whereas others are properly made up of 
two or more separate words. In an effort to 
help bring about better uniformity in practice 
in this respect and to provide other information 
useful in name construction, the following rales 

• In this Dictionary, italicised words In inverted 
commas may be registered trade names. — E ditor. 


were adopted by the Ameriean Chemical Society 
in 1931 (Proc. Amer. Chem. Soc. 1931, 40-41) : 

1. When a hydrogen atom of a compound is 
substituted by another atom or group, the name 
of this compound may be retained as the root 
of the name for the substituted eompound. In 
such names, the prefix (denoting the substituent) 
is to be directly attached to the root and not 
spaced from it. 

The position of monosubstituents is never 
labelled with compounds whose replaceable 
hydrogens are aU equivalent, as methane, 
acetylene, benzene, hydrazine, carbinol, acetic 
acid, glyoxyUc acid, acetone, and arsine. With 
compounds which contain more than one type 
of replaceable hydrogen, such as toluene, aniline, 
propionic acid, benzoic acid, hydroxylamine, 
acetophenone, and furan, ambiguity is avoided 
by labelling the position of substitution with 
numerals or with such labels as ortho or o-, meta 
or JM-, para or p-, alpha or a-, omega or w-. 

Examples : 


diphenylmethane 
chlorobenzene 
dimethylketen 
phenylhydrazlne 
2-methyl-2-hexanol* 
or 

methyl-2-hexanol-2 

or 

2-methylhexanol -2 


and not diphenylmethane 
and not clUoro benzene 
and not dimethyl keten 
and not phenyl hydrazine 
and not 2-methyl 2-hexanol 

and not methyl-2 hexanol-2 

and not 2-methyl hexanol-2 


• Whether the numerals should be “ fore ” or " aft ” 
or " fore and aft ’’ is at present a debatable question. 


la. “ Amine ” is regarded as a contraction of 
“ ammonia,” and thus is used as the root to 
which the names of the substituents are directly 
attached as prefixes. This makes for uni- 
formity with “ arsine,” “ a nilin e,” “ hydrazine,” 
etc., and distinguishes it from such names as 
alcohol, ether, or ketone which only represent 
types. Thus, methylamine is preferred to 
methyl amine, ethylenediamine to ethylene 
diamine, triphenylarsine to triphenyl arsine, 
Al,N-dimethylaniline to N’,N-dimethyl aniline 
and p-tolylhydrazine to p-tolyl hydrazine. 

2. Since there is not a definite unsubstituted 
compound which is designated by alcohol, ether, 
or ketone, these terms are always used as 
separate words. 

Examples : 

ethyl alcohol 
n-butyl alcohol 
dimethyl ether 

methyl ethyl ether and not methylethyl ether 
dimethyl ketone 

methyl ethyl ketone and not methylethyl ketone 
p-bromophenyl m-tolyl ketone 

3. If two words are used in naming aldehydes 
or nitriles, the first word is the same as the first 
word of the name of the corresponding acid. 
If, as is usually the case, one word is used for 
these names, the first word of the name of the 
acid is suitably altered to become a prefix. 
Usually, this alteration is a detachment of ic 
for aldehydes, as acetaldehyde, propionaldehyde, 
contractions of acetic aldehyde and propionic 
aldehyde, respectively. However, in naming 
benzaldehyde, oic has been detached. With 
nitriles, an o is usually introduced for euphony, 
as acetonitrile and butyronitrile, but the con- 
traction may go back to an o as propionitrile. 
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4. isoCyanate is a separate ^rord. Thus, 
C H -NCO is phenyl /-Jocyanate. This practice 
is coroct for esters in general.^ 

5. In naming metaUo-organic compounds, the 
alkyl tTOups should precede and be directh* 
attached to the name of the metal. Thus, 
methylmercuric iodide, diethylzinc, ethylmng- 
nesium bromide, tetraethyllead, and tctra- 

methylgermanium. 

Symbols and Abbreviations.— S.\Tubols for 
substances play an extremely important role in 
chemistiy. The story of chemical sj-mbols (c/. 
Hackh, ‘Evolution of chemical symbols, J. 
Amer. Phann. Assoc. 1918, 7, 1038-1042), which 
ran only be suggested in barest outline here, 
constitutes a miniature historj* of this science. 

Egyptian inscriptions show liicrogh-phics for 
gold° silver, copper, iron, and lend. Tlio 
alchemists used symibols to denote a good share 
of the substances which they knew, llicse were 
drawings, not letter s.vmbols, and the same is 
true of the system of symbols worked out by 
Dalton, the originator of the atomic theory. His 
system was based on the circle os the con- i 
ventional representation of the atom. 

The chemists of the period of the antiphlogistic 
revolution were the first to invent signs founded 1 
on a reasonable principle the object of which 1 
was to indicate the compositions of substances. ' 
Their symbols were complicated, however. 

The first real step towards making chemical 1 
symbols an international language of chemistry 
was taken by BerzeUus (Thompson’s Annals of 
Philosophy, *1813, 2, 443). His introduction of 
letter symbols and their use in the modem sense 
to denote proportions of elements in a com- 
pound constitute ono of the great chemical 
contributions. Jlodem chemists still use his j 
principle and most of his symbols. 

Chemical literature contains, l>osides chcrnic.a! 
formulas, many symbols and abbreviations the 
meaning of which is not always self-evident or 
familiar. Lack of general agreement on physical 
and physicochemical symbols has caused a 
certain amount of confusion, and has led to 
efforts at standardisation (see “ Physical 
Chemistry,” below). A comprehensivo list of 
both symbols and abbreviations has bc-en pub- 
lished as AppendLx 2 in E. J. Crane and A. M. 
Patterson, “ Guido to the Litcraturo of 
Chemistiy,” Wiley & Sons, New York, 1927. 


IkOEOANIO No>rEXCL.\TURE. 

While organio chemistry far outstrips in^ 
organic chemistry in present-day active interest, 
as shown by the number of workers, published 
papers, and applications, the earlier chemi.stf 
were primarily concerned with inorganic sub- 
s ances and the beginning of systematic nomen- 
T ^ chapter in inorganic chemistrv, 

^ 17/0 Bergmann (“ .Alcditationea do systematc 
naturali ”) proposed a now chemical 
enclature which has some suggestion of 
Moiwcau (j. physique. 

att«S making the first 

clah^r “ convenient chemical nomon- 

the 'I® Jiorveau’s beginning led to 

clatur?fe do Portion. 

clature Chimiquc,” by do Morveau, Lavoisier, 


Bcrtholct, and do Fourcroy, a landmark in the 
development of chemistry. These chemists may 
be regarded os forming the first chemical nomen- 
clature committee, and they did their work so 
well that their general plan is .still followed. 
They brought order out of chaos. Lavoisier 
write.s of the need for reform, de Mon'cau ex- 
plains the principles of the new nomenclature 
method, and do Fourcroy explains the extensive 
tabular listing of old and proposed new names. 

do Morveau and Lavoisier were probably in- 
fluenced bj" the then rcec-ntly announced system 
of Linnmus for naming plants and animals. 
This involved the use of a generic and a specific 
name (two wortls) in place of the clumsy method 
of naming prem'ously in use. 

The principles were laid down that every sub- 
stance is to be regarded n.s an clement until 
proven to bo otherwise and that the name of a 
compound is to exhibit the elements and as far 
ns possible the relative proportions thereof. 
Tho ocir nomcnchturc n-.a-s based pnnnpally on 
the combinations of oxygen with other elements. 
Tlie product of the union of a simpk sub-fance, 
generally non-mctallic, with oxygen was called 
an acid, llie product of the union of a met,nllic 
sub^t.nnce with oxygen was called an oxide. A 
salt w.as the product of the union of an acid and 
an oxide. The union of a met-allie substance 
with sulphur or phosphonis pro<lnc-ed a sulphide 
or a phosphide, re'i)''ctively. 'Ilie acids or 
oxides were given ii.ames of which the generic 
part Was the wonl “ acid " or “ oxide ” and the 
specific part wa® an adjective derived from the 
other element in the eompound. Thus, one of 
the products of the union of sulphur with oxygen 
was ealle<l sulphuric acid and n j'roduct of lead 
with oxygen was called lead oxide or plumbic 
oxide. The same prinrijde supplied names for 
sulphides, phosphides, and, later, chlorides. 

But some substances combine with oxygen to 
produce inon' than one acid or oxide. 'Jliese 
were distinguished by an alteration of the 
termination of the specific name, or by the 
addition of a Grt'ek jirefix. Sulphur, for 
example, combines with oxygen to produce 
acids of vnriou.s degmes of .sulphur oxidation, 
which were de.sign.ated by the term.s sulphuric, 
sulphurous, or hypo.sulphurous acid ; lead forms 
more than one oxide, indicated by the tenns 
lead protoxide and lead <lioxide. 

In name.s adopted for salts the generic part 
w.aa derived from the acid, and the specific from 
the metallic base. Thus, the product of the 
union of lend oxide with sulphuric acid avas 
called lead sulphate or plumbic sulphate. To 
indicate the salt.s ofncid.s avith variously oxidi.sed 
sulphur, the termination was varied. The salts 
of sulphuric acid were, sulphatc.s, tho.se of sul- 
phurous acid, sulphite.s; the salt.s of nitric acid 
were nitrates, those of nitrou.s acid, nitrites. 

It will bo noted that the use of significant 
endings in chemical nomenclaturo goes back 
as far ns this first real systematisation. It will 
bo noted also that long before the thcoiy of 
electrolytic ionisation was introduced names 
were invented which have proved suitable for 
the designation of a positive and a negative part 
of n eompound. 

There was some early confusion in di.stin- 
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guishing between oxides (acid anhydrides) and 
acids and it is still the practice of some chemists 
to speak of such oxides as acids. It is not un- 
common, for example, for carbon dioxide to he 
referred.to as “ carbonic acid ” and for silica to 
be called “ silicic acid.” 

Li addition to his contribution of the modem 
type of chemical symbol, Berzelius, starting in 
1811 (J. physique, 73, 258), did much to extend 
and amplify the nomenclature introduced by de 
Morveau and Lavoisier. He divided the ele- 
ments into the metalloids and metals according 
to their electrochemical character and the 
positive oxygen compounds into suboxides, 
oxides, and peroxides. His corresponding 
division of the acids, designated according to 
degree of oxidation, has been little altered since. 
TTis method of designating the chlorine com- 
pounds corresponded to that for the oxides so 
that such names as subchloride, chloride, and 
perchloride resulted. Berzelius tried to apply 
the same principles in the naming of organic 
compounds, but not enough was known about 
them then for a rational nomenclature to be 
devised. 

In 1834 Liebig advanced the idea of so-caUed 
“ polybasic ” acids and this led to further 
nomenclature developments. 

International Nomenclature Rules. — 
As chemical knowledge increased and the 
number of known compounds multiplied and 
were named or spoken of by an increasing 
number of individuals it is only natural that 
discrepancies in practice should grow in number. 
In 1923 the Nomenclature Committee of the 
British Chemical Society and that of the 
American Chemical Society agreed on ten rules 
covering some of the more commonly disputed 
points. Some of these relate to endings which 
have a classification significance. These rules, 
which grew out of some directions to authors 
issued by the Journal of the Chemical Society 
follow : 

1. In naming a compound so as to indicate 
that oxygen is replaced by sulphur the prefix 
iMo and not suT^Tio should be used (sulpho 
denotes the group SO3H); thus, HCNS, 
tJiiocyamc acid; H 3 ASS 4 , lAioarsenic acid; 
Na3S203, sodium thiosulphate; CS(N 113 ) 2 , 
thiourea,. The only use of thio as a name for sul- 
phur replacing hydrogen is in cases in which 
the sulphur serves as a link in compounds not 
suitably named as mercapto derivatives ; thus, 
H 2 N-C 6 H 4 'S-C 3 H 4 -NH 2 , thiohisaniline. Hypo- 
sulphurous acid, not hydrosulphurous acid, 
should be used to designate H 2 S 2 O 4 . 

2. The word hydroxide should be used for a 
compound with OH and hydrate for a com- 
pound with H 2 O. Thus, barium hydroxide, 
Ba(OH) 2 ; chlorine hydrate, Cl 2 , 10 H 2 O. 

3. Salts of chloroplatinic acid are chloro- 
plalinates (not platinichlorides). Similarly salts 
of chloroauric acid are to be called chloroaurates. 

4. Hydroxyl derivatives of hydrocarbons are 
to be given names ending in -ol, as glycerol, 
resorcinol, pinacol (not pinacone), mannitol (not 
mannite), p 5 Tocatechol (not pyrocateehin). 

5. The names of the groups NH2, NHR, 
NR2, NH, or NR should end in -ido only when 
they are substituents in an acid group, otherwise 


in -ino% thus, MeC(:NH)OEt, ethyl imi'do- 
acetate; H 3 N-CH 2 -CH 2 -C 02 H, ^-amiuopro- 
pionio acid (not amidopropionic acid) ; 

PhNH-CHa-CHa-COaH, 

^-aniltnopropionic acid; CH 3 -C(:N H)C 02 H, 
a-imi'nopropionic acid. 

6 . Hydroxy-, not oxy-, should be used in 
designating the hydroxyl group; as hydroxy- 
acetic acid, H 0 -CH 2 -C 02 H, not ozyacetic acid. 
Kelo- is to be preferred to oxy- or 0 x 0 - to 
designate oxygen in the group — CO — . 

7. The term ether is to be used in the usual 
modem acceptation only and not as an equi- 
valent of ester. 

8 . Salts of organic bases with hydrochloric 
acid should be called hydrochdorides (not hydro- 
chlorates nor chlorhydrates). Similarly hydro- 
bromide and hydroiodide should be used. 

9. German names ending in -it should be trans- 
lated -lie rather than -it, as permutile. If it 
seems desirable to retain the original form of a 
trade name it should be placed in quotation 
marks, as “ Permutit.” Alcohols such as 
dulcitol (German Dulcit) are exceptions. 

10. German names of acids should generally 
be translated by substituting -ic acid for 
“ -saure,” Some well-established names are 
exceptions, as Zuckersaure (saccharic acid), 
Milchsaure (lactic acid), Valeriansaure (valeric 
acid), etc. Eor a few well-established names it 
is correct to translate “ -insaure ” -ic acid instead 
of -inic acid. E.g., Acridinsaure is acridic acid. 
Names ending in “ carbonsaure ” are to be trans- 
lated -carboxylic acid (not carbonic acid). 

These rules have been widely followed and are 
still to be recommended as a guide, although they 
cover the ground only partially and there has 
been some duplication of the points made in 
later rules issued by the International Union of 
Chemistry. It has seemed best to report these 
rules here as a unit even though they have a 
bearing on both organic and inorganic chemistry. 

In view of the international aspect of chemical 
nomenclature it is but natiual that one of the 
objectives of the International Union of 
Chemistry (originally called the International 
Union of Pure and Apphed Chemistry) should' 
be nomenclature standardisation and that it 
should appoint commissions and working com- 
mittees on nomenclature soon after its organisa- 
tion in 1919. Separate comnu'ssions were 
appointed for inorganic chemistry, organic 
chemistry, and biological chemistry. Following 
earlier Ekench and German committee reports, 
the first report of the Committee for the Reform 
of Inorganic Chemical Nomenclature was 
■written in 1926 by Marcel Delepine and issued 
as a separate by the International Union. This 
was later published in BuU. Soc. chim. 1928, 
[ivj, 43, 289 and elsewhere. There have been 
several reports as the work of the committee has 
progressed under W. P. Jorissen as chairman, 
but it was not imtil 1940 that a matured and 
■widely accepted report appeared (Ber. 1940, 
73 [A], 53-70 ; J.C.S. 1940, 1404-1415 ; J. Amer. 
Chem. Soc. 1941, 63, 889-897). History ■wfil 
hardly record the year 1940 as one of general 
progress in international co-operation; never- 
theless this 1940 report, a culinination of work 
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done, and in part reported, during the ]nst tuo 
decades, is an outstanding accomplislinionfc for 
improved and internationaUy standardised 

inorganic nomenclature. . i 

Much credit in the development of these rules 
is due to H. Eemy, vhosc recommendations 
irere published as aMi-l-pago separate and R. J, 
Mever, whose report appears in Choni. U eckblad, 
*1936 33 , 722-729 and in Hclv, Chim. Acta, 
1937,’ 20,’ 159-175. In view of its importance 
and ’of its practical usefulness in present-day 
chemical communication, the report, witii some 
abbreviation and paraphrasing, and with 
occasional comment in brackets bj’ the authors 
of this article, is reproduced hero ns the most 
satisfactory way to sun'cy approved usage. 


lUC. RULES FOR NAMING INORGANIC 
COMPOUNDS. 

The aim of the lliilcs is the unincatlon of Inorganic 
chemic.il nomenclature anti the removal of names 
wiiich are out of date or incorrect. 


A. General. 


Hiampkn : Sodium chloride, silver siiliihUle, llllilura 
hydride, boron carbide, oxygen dilluoridc. 

The above rule summari.'ics the customary usage in 
Unglish and German. Exactly the opnosltc applies 
in French and It.allan so that in tlmsc languagc.s the 
order of consfltiienfs In formiilio will also bo just the 
opposite to that wlilch is correct In Knglish and German. 
Such dlircrcnces arc duo to the verj’ nature of the scver.al 
languages and cannot be eliminated. Names are also 
In use in some languages, particularly German, which 
arc obtained by simple Juxtaposition of tlio separate 
names of the constituents without any termination. 

Erample : Clilonvasscrstoif. 

II. Indicaclon of the Proportions of ConstltucntJ. — 
There arc two possible ways of indicating the propor- 
tions of the constituents in chcmic,al compounds. It 
can be done: (1) by indicating the valency, (2) by 
giving the 8t<ilchciomct ric compo=ltioii, or the functional 
nature. 

(1) Incllcatlon of the clertrochrmlral valency In the 
iiame.s of eompounils should be made only by Stock’s 
mctho<I. 'I'his is done by means of Itoman figures, 
placed In narentbe.«es and following, without h>7)l>''U, 
lmme<llafely after the nainc.s of the elements to which 
they refer. 

17T(im)‘!f.r : CuCI Copporfll chloride. 

CuCI; C’ojij'crd I ) chloride. 

FeO Irondl) oxide. 

FcjOj Irondl, 111) oxide. 


Names and Formula:.— A chemical compound can 
be designated in two wns’s: (1) liy means of the 
formula, (2) hy means of the name. 

(1) Formula? sliould bo widely used In dc.slgnatliig 
inorganic compounds since they provide die simplest 
and clearest metliod of doing tills. Tbclr significance 
Is, moreover, the same In all Innpiages and for brevity 
and sadng of space they arc uncttunllcd. 

Formula? arc of particular u.so wlicn dealing wllli 
complicated compounds. Their use must naturally 
be avoided in cases where any uncertainty might lie 
introduced. 

(2) Mhen glrtng names to componnds ttiere are two 
possibilities: (a) sy.stcmatlc names, (b) trivial names. 

(a) In the case of sj'stcmatic names it Ls not alwny.s 
necessary to Indicate stolchciomctric proportions in ttie 
names, because a glance nt the fonmila sliows at once 
the quantitative and atomic cmnpo.slllon. 

In many cases sutllcicnl nlilircvi.atlon of tlic syste- 
matic name can be secured by omitting all numl>rr.s, 
indications of valency, etc., wliicli arc not nceilcd In 
the given clrcumst.inccs. For instance, indication of 
the valency or atomic proportions Is generally not 
required with compounds of elements of essentially 
constant valency. 

EiampUs: Aluminium sulpliate instead of nhiml- 
niumCHl) suipliatc ; potassium ctiloroplatinatc In- 
stead of potassium lioxacliIoropinllnatctiV) ; potas- 
sium cyanoferratc(ll) instead of potassium liexncyano- 
ferratefU); potassium cynnofcrratc(lll) instead of 
potassium hexacyanofcrratcdl I ) (see p. OOGn). 

(b) Distinction must be made lictwccn : (oo) pure 
triinal names, (tb) Incorrectly formed names. 

(aa) Pure trivial names arc tliose wiiicli nrc free 
from false scientific significance or otlicr wrong indi- 
cations. Examples are saltpetre, enustic soda, qulck- 
“’P®- use of siicli pure trivial names l.s per- 
missible. 

Incorrectly formed names are tliose wlilcli were 
onginaUy constructed to bring out certain Ideas on 
constitution of tiio compounds In 
question, but wlucli are now contrarj' to present vlcwa 
Sucli names are sulpliate of magnesia, 
Thoir°,^^ of lime, nitrate of potnsli, acetate of alumina. 
coTOc“ ^ ’jut Bclcntincally tliey arc In- 

Such names sliould not bo used in nny circumst-nnccs. 

B. Binary Compounds. 

The “O'* Formula:.— 

first constituent should always lie put 

reMVnk.M/?™’".'! ""i' "“me vlicncver it is 

in'salts' nr° “’‘“meter of tlio comiiound— ns 

•w«”°ln Flm termination 

in WhiMoSi ^ "onpolnr compounds and of those 
PoSb to L constituent in tlio com- 

S shomd® as electropositive, that constl- 

the more 

p aipvo cnnrnctcr in Cbc free condition. 


Tile sy.-item of valency indication liy terminations 
Midi ns -oil'", -ic (ferrous, fcrrii') wliieli w.os previou-ly 
in Use iias provetl un«ntisfnetory and sliould now Ik- 
avoided nut only in sclenlinc iuit .also in teclinle.xi 
writing. [It Ls not likely tlint clwinists wll! give up 
entireiy tlic use of -oils nnd -le endings for sueli eom- 
IKUinds and It seems suit. aide to reg.afxl some of these 
nile.s ns nlternnllvc.s so long ns tlie older nomenelature 
Is rompif'lidy de.ar. For ex.amide. riiprotis diloride 
nnd cupric chloride for CuCI niid CuCI;, rcspedivdy, 
are likely to he rct.aliKd In general usage, Imt the Stock 
mctlind should, nnd prob.ildy will, come into ii,«e in 
dealing with compounds Involving u'loie tiian two 
valency sl.ages of one dement, sueli .ns tiie Imlidc.s of 
vaimdlum, molybdenum, nnd tutigsUn. for the -ous 
nnd -Ic endings nre tlien Inadequate and lark slgnin* 
cance, even wlieti nddltlonnl vnleiiey st.nges nrr' rvpre- 
senteil in otlmr w.ny.s ns liy terms like iiiereiiro'ie. 
ferrorofetrir, /ip/'ovaiindmir, nnd peMimugniioii'.] If 
the Valency neeils to he shown In formulw or when 
u«lng symtiols for the clement', then the Itoman 
llgures should he placed Ju.st nhovc the nppropriate 
s.vmbols on the righf-Imtid side, 

I’rnmpkr : Cu^ .suits. 

rc“ eompoimds. 

(2) Indication of the stolehdometrlc composition 
stioidd ho made liy means of Greek nniueriral prdlxes 
widdi sliotild iircccde, without liyidien, ttie constituent 
to which they refer, ’fills metliod of sliowliig tlie 
romposltlon In names Instead of liy nie.ans of tlie 
vnleiiey Is customary more esped.ally witli nnniiolnr 
compounds. It Is also Indicated In eases wliere tlie 
composition dlll'ers from tlint to he ex(iected from tlio 
usual valency or in tliose in wlildi the deetrodioiiiic.nl 
valenev is unknown, 'flie prdlx " mono ” can 
generally l>e omitted ; 8 sliould tie Indlc.ated tiy 

"ocln,’’ () hy " cnne.'i." Greek prdlxe.s nliove 12 nro 
replaced hy .Vrnlilo llgures (svlthout liyidien) as they 
nrc inorc easily understood. Aralilc llgure.s nrc al«o 
used for indicating fractions of molecules, although 
i can niso he expressed hy ” hcinl." ’fhe fuiietloiinl 
system of naming compounds can he employed instead 
of tlie stolchclomelrie. ’I’his Is used more particularly 
In rrendi. 

Examples : 

Stolchciomctric system. Functional system. 

N;0 Dlnltrogon (nion)oxlde. 

NO Nitrogen oxide. 

NjOj Dlnltrogon trioxldc. Nitrous anhydride. 

NO; Nitrogen dioxide. 

NjO^ Dlnltrogon tctroxlile. 

N 2 O 5 Dlnltrogcn pcntoxldc. Nitric anhydride. 

AgjF Dlsllver lluorlde. 

FcfCO)^ Iron fetrncarhonyl. 

FeS; Iron dlsuliihlde. 

The formula is to he preferred to an awkward nanie , 
thus N»i;H£|j, not 12 sodium 13 mercuridc. 
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Out of date and superfluous terms such as Oxydnl, 
Sulfur, Cyamlr, CMorur, etc., for compounds of lower 
valency stages, should vanish from the German 
language, both because they lack precision and because 
of the way in which many of these terms are used in 
French. ^ -r ^ 

III. Designation of Intermetallic Compounds. — ^Inter- 
metallic compounds do not follow the usual laws of 
constant composition and must often be regarded 
rather as phases having a range of existenee over which 
they are more or less homogeneous. There is lacking, 
at present, a clear understanding, and grouping to- 
gether, of the laws which govern this class of com- 
pounds, so that any attempt at a rigid system of 
nomenclature would be premature. 

For this reason the use of names for intermetallic 
compounds should be avoided and formulae alone 
should be used in all cases; these formulae should give 
the exact numbers of atoms if possible. A simplified 
formula which represents the compound in a satis- 
factory manner can be used in those cases where either 
the exact number of atoms cannot be stated or where 
an Intermetallic compound has a wide range of com- 
position. To avoid any danger of confusion with a 
compound of definite composition, a bar should be 
placed over the formula to show that the composition 
is variable. 

Example; AuZn occurs as p-phase in the system 
Au-Zn as an intermetallic compound 'with properties 
which differ from those of the components Au and Zn. 
It is homogeneous over the range of 41-58 atom % Zn, 
so that all formulse Au59Zn4i to Au42 Zn5g w oiild be 
correct. The shortened form AuZn or AuZn may be 
used. 

Compounds such as AuZn which do not have a 
constant composition should be called " non-Daltonlan” 
compounds to distinguish them from " Daltonian ” 
compounds of constant composition. 

IV. Indicating the Mass, Atomic Number, and State of 
Ionisation on the Atomic Symbols. — When dealing 
with nuclear reactions, the ordinary representation of 
an element by the plain symbol is not sufficient. The 
latter must be gxpanded so as to show the atomic mass 
and atomic number. 

An index on the right and below the symbol is 
already used to show the stoicheiometrlo proportion, 
while another on the right above the symbol shows the 
state of ionisation. The corresponding positions on 
the left are available for the atomic number and mass. 

We then have : 

right lower index ... the number of atoms 
right upper index , . . the state of ionisation 
left lower index . . . the atomic number 
left upper index . . . the mass 


Example : 


Cl 


+1 

a 


This represents a singly ionised chlorine molecule 
CI2, each atom of which has the atomic number 17 
and mass 35 . 

The following is an example of an equation for a. 
nuclear reaction : 


gMgd-^He-^J^AI-hjH. 


[Chemists and physicists in America have established the 
custom of placing the atomic weight in the upper right- 
hand comer. Physicists naturally feel less bound by 
rulings of the International Union of Chemistry than 
do chemists. Physicists do much of the ■work in- 
vol-vdng such symbols and thus far they have not con- 
sented to change. This leaves American chemists 
confronted with the dilemma of breaking away from 
the practice of their colleagues in physics or of failing 
to observe this international ruling.] 

V. Group Names. — Compounds of the halogens are 
to be called halogenides (not haloids nor halides), while 
the elements oxygen, sulphur, selenium, and tellurium 
may be called ehalcogens and their compounds cftol- 
cogenides. [This choice of halogenides over halides is 
somewhat unpopular, as the shorter w'ord is well 
established and seems unobjectionable.*] 

The alkali metals should not be called “ alkalies ” 
or the alkaline earth metals "alkaline earths,” since 
these names are old-fashioned terms for the oxides of 
these metals and should be avoided in scientific lan- 
guage. If compounds are concerned, the use of 


* In the English nomenclature the use of the term 
halogenides is not enforced, and the term chaleogenides 
is not used. 


"alkaii” or “alkaline earth” as an abbreviation for 
“alkali metal” or “ alkaline earth metal" is general 
and permissible^.!;., alkali chlorides. 

In Gorman “ Kohlen- ” is permissible as an abbrevia- 
tion for “ Kohlenstoif” in many carbon compounds. 


C. Ternary Compounds, Quaternary Compounds, etc. 

The preceding rules which have been developed for 
binary compounds are valid, -n'hen suitably extended, 
also for compounds of more than two elements. 

Radicals halving special names are treated like the 
elementary constituents of a compound when con- 
structing names. 

Examples : NH4CI Ammonium chloride. 

KCN Potassium cyanide. 

Fe(SCN)3 IronGII) thiocyanate. 

Pb(N3)2 Lead azide. 

If several electropositive constituents are combined 
with one electronegative, then the rule holds that the 
most electropositive constituent is to be placed first. 
Just as in the case of binary compounds. Similarly if 
a compo'und contains several electronegative consti- 
tuents these should be placed, both in the name and 
in the formula, in order of Increasing electronegative 
character so far as this is possible. [The use of an 
alphabetic order instead of the order of increasing 
electronegativity for compounds containing several 
electronegative constituents is sometimes preferred, 
on account of its simplicity.] 

Sulphur replacing oxygen in an acid radical should 
always be indicated by “ thlo ” (see under D), so that 
compounds of the radical SCN should be called “ thio- 
cyanates ” not snlphocyanates and not sulpho- or thio- 
cyanides. 

Names such as the following are permissible for 
mixed salts : lead chlorofluoride, lead sulphochloride . 
[Instead of names like lead chlorofluoride (for PbCIF), 
names of the type " lead chloride fluoride ” are some- 
times preferred.] 

The terms alumino-, boro-, beryUo-, etc., silicates 
should only be applied to silicates which contain Al, 
B, Be, etc., replacing part of the Si. 


Examples : 

Orthoclase, KjAlSisOg], is an aluminosilicate (potas- 
sium aluminotrisUicate). 

Spodumene, LiAIjSizOd, is an aluminium silicate 
(lithium aluminium disilicate). 

Muscovite, KAl2tAISl30,p](0H)2, is an aluminium 
aluminosilicate. 


D. Oxygen Acids. 

Well-established names for the majority of the im- 
portant simple oxygen acids have been in use for a 
long time, and their alteration is neither desirable nor 
necessary. It is only necessary to consider a number 
of cases in which uncertainty or confusion has arisen 
in the course of time owing to the employment of some 
names which are incorrect. 

In the foUo'wing tables are shown the names which 
should be used for the more important acids of sulphur, 
nitrogen, phosphorus, and boron as well as their salts. 


Formula. 


H2SO2 

H2S2O4 

H2SO3 

H2S2O2 

H2S2O3 

H2SO4 

H2S2O3 

H2S2O7 

H2SO5 

H2S2O6 
H2Sx06 
(x= 3 , 
4 , etc.) 
H2S2O8 


Acid. Salt. 

Acids and Salts of Sulphur. 


Sulphoxylic acid. 
Dithionous acid. 
Sulphurous acid. 
Thlosulphurous acid. 
PiTosulphurous acid. 
Sulphuric acid. 
Thiosuiphuric acid. 
Pyrosulphurlo acid. 
Peroxy(mono)9ul- 
phuiic acid. 
Dlthionlc acid. 
Polytluonic acids. 


Peroxydisulphurlc 

acid. 


Sulphoxylate. 

Dlthionite. 

Sulphite. 

Thiosulphlte. 

Pyrosulphlte. 

Sulphate. 

Thiosulphate. 

PsTOsulphate. 

Peroxy(mono)sul- 

phate. 

Dithionate. 

Polythionates. 


Peroxydisulphate. 


H2N2O2 

H2NO2 

HNO2 

HNO3 

HNO4 


Acids and Salts of Nitrogen. 


Hyponitrous acid. 
Nitroxylic acid. 
Nitrous acid. 
Nitric acid. 
Peroxynitric acid. 


Hyponitrite. 

Nitroxylate. 

Nitrite. 

Nitrate. 

Pcrox}Tutrate. 
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Formula- 


H 3 PO 2 

H 3 PO 3 

H4P2O3 

H4P2O6 

H3PO4 

H4P2O7 

HPO3 


H3POi 

H4P2O1 


Acid. Salt. 

Adds and Salts of Phosphorus. 


Hypophosphorous 

acid. 

Phosphorous acid. 

PjTOphosphorous 
acid. . 

Hypophosphoric 
acid. , , 

(Ortho)phosphoric 

acid. 

Pyrophosphorlc 

'acid. 

Mctaphosphoric 

acid. 

Peroxy(mono)pho3- 
phoric acid. 

Peroxydiphosphoric 

acid. 


Hj’pophosphitc. 

Phosphite. 

Pyrophosphltc. 

Hypophosphatc. 

(Ortho)phosphnfc. 

Pyrophosphate. 

Mctaphosphatc. 

Pcroxy(niono)phoa- 

phate. 

Peroxydiphosphate. 


Acids and Salt.s of Boron. 


H3BO2 Borons acid. 
H4B2O4 HiTOhoric acid. 

H3BO3 Orthoboric acid. 

HBO2 Jlctaboric acid. 

H 2 B 4 O 7 Tetraboric acid ' 


ItiTioboratc. 

Ortholrorato. 

Metaborate. 

Tetraborate. 


For other polvboric acids, see unilcr !• . 1 1 . { Decision? 
made on the sLx followinp point.? nrlsluK out of the 
above tables are c.xplained in some detail in tlic report. 
The notes to 3 and 5 arc of special Intcrc.st.] 


1. H 2 S 2 O 4 Dlthionoiis acid, and not Api/rosnl. 

phuroHj! or /ij/postdphtirouj acid ; 
salts arc dithlonltcs. 

2 . H 2 S 2 O 3 r/a’osulphuric acid, and not Ai/posul- 

phuroiiJ! acid ; salts are thiosul- 
phates. 

3. H 2 SO 3 PcroTj/nioiiosulphiirIc acid, and not 

pcrsulphuric acid. 

4. H 2 NO 2 Kitrozylie acid, and not hi/droMxotts 

acid , salts are nitroxylatc,?. 

5. 1128407 Tetraboric add, and not pprohon’e 

acid; salts arc tetraborates. 

0. H 2 PO 3 Salts to be called hypoiihosphates. 


[Some .are delaying In the adoption of “dlthlonous 
acid" for H 2 S 2 O 4 since there Is some doubt a? to 
whether this compound is syninictrical.) 

Note (o 3 : A distinction must 1)C made between 
those acids or salts which arc derived by substitution 
from hydrogen peroxide and in con'eqiirnco contain 
pero-xidic oxygen — 0 — 0 — and thoT wlilcli are 
derived from tlic highest oxidation stages of some 
elements and arc free from ncroxidic oxygen. The 
last-named arc correctly called per salts (such ns 
NaCI 04 ,KMn 04 ). 

The first group, such ns R 2 S 2 O 1 and R3PO4, must be 
separated from tlie genuine per salts and called verozy 
salts, the corresponding acids being perozy acids. 

Mzampks: H 2 SO 5 Pcroxyrnonosiilphurlo acid. 

H 4 P 20 j Peroxydiphosphoric acid. 

NH4BO3 Ammonium peroxyborate. 


, In the same way the oxides derived fromH-O; should 
ne called peroxides, and not supcroxidcs or hyperoxldes. 
.. 5 ; The prefixes “ ortho," " incta," and 

generally in the sense Hint llio term 
ortho is applied to the most hydroxylnied acid 
Known either in the free state or ns salts or esters. 

Examples : H3BO3 Orthoboric acid. 

H 4 CO 4 Orthocnrbonlo acid. 

H 4 SIO 4 Orthoslllc acid. 

H 3 PO 4 Orthophosphoric acid. 

Orthotcllurlc acid. 

DjIOs Orthopcriodic acid. 


<lcrived from tlin ortit 

those I’JTO nclds ar 

S ® ‘’f}' ^ of H 2 O from 2 mole 

thP^O, H,P o 3 H 2 S 2 O 7 , HjSjOj 
to ihp’ 1 * 1 ® i*)*'® **ot apply, howovci 
contaL^° f (= 2 B: 03 ,ri 20 ) whlcl 
(=To,Hn 3 m *''**' inctnborlo add, HBO 
HasTo, shS 1,1 I? |*''oM, breaking the rule the act 
" tetrabnriroen?^i'^® " pyroborlc acid," Im 
forSSinJ^S-- *0 aitrcement with the proposal 

from^oxyS*oe/fi?i^*' S.-j-Aclds which are dcrlvci 

5atoinsam?ni,n'^®u'’^M®-P''*'*‘*"*'*'**' ® atoms b 

are to bo called lino acids, tlicir salts tliio snitf 


Examples : H 2 CS 3 Trithlocarbonlc acid. 

Na 3 SbS 4 Trisodium tetrathioantimon- 
ntc (sodium thio.antimonatc 
for short). 

TVie group [HaO]"^. — When the hydrogen Ion Is con- 
sidered to occur (in aqueous solution or In a compound) 
in tile form [HaOjt", It is advisable to call It tho hydro- 
nium Ion (not hydrozonium Ion). 

E. Salts. 

I. General. — Salts should alwny.? lie named so that 
the name of the metal or cIectrnpo,?Itivc radical pre- 
ceile.s that of tlio acid radical whicli carries tlic termina- 
tion -ate, -Itc, or -Ide. 

Examples : Silver nitrate, mngne.slum sulphate, 
r.alcliim carbonate, sodium nitrite. Iron sulphide, 
pol.a.ssium cyanide. 

Names such a? "nitrate of silver," "sulphate of 
inngnesinm " are penni??ib 1 e, but the use of the name 
of tho metal oxide In place of that of tho metal, e.g. 
"sulphate of mncne.?In," "carbonate of lime," etc.. 
Is tletlnltolv wrong, ami should not be employed (see 
A.). 

In tho ease of mixed or double salts the niles given 
under C should lie applied. 

Examples ; KNaC 03 Potassium sodium cartKin- 
nte. 

KCaPOi Pot-isslum calchim pho?- 
phato. 

NH 4 Mj;P 04 Ammonium m.'igne.slum 
phosphate. 

Salts 0 / Jiitrogen owipouiu/.c. If rog.arded a? co- 
ordination compounds like ammonium chloride. 
NH4CI, are to be tleslgnated ns " -onlum "or " -Inlum " 
compounds. 

Examples; Tetrnmetliylammonlum chloride, Iiydr- 
nrinluin chloride, pyriillnlum cliloride. 

If, however, the nitrogen compoundi are regarded ns 
addition compound?, Dieii the rule? derived for these 
will npjdy {tte r. V). 

n. Acid SiltJ (Hydroicn SjUi). — T’lie rational 
name? for acid salt? arc formed by u.«!ng " hydrogen " 
for the hydrogen atoms which they contain. The 
hydrogen Is to bo named last of the electropositive 
constituents. 


Examples : KHSO 4 

Potassium hydrogen sub 
I'hate. 

NjHCOj 

Siyllum hydrogen c.arhon- 

ate. 

N>:HP04 

Dlsoillum hydrogen plio?' 
phate. 

NJH.PO 4 

.‘^ovlliim dlhydrogen jdios- 
phate. 

In compllenteil ca.'e,? use fonnuhe. 


Examples : •lK;S 04 , 3 H;S 04 '“K|Hj(S 04 ); rationally: 

Octn])nta.ss!um hexnhydrogen hejita- 
suljdiato. 

SK;S 04 , 3 H;S 04 »-K 3 H)(S 04)4 rationally ; 
J’entnpotas.slum trlhydrogcn tetra- 
suI[ihnto. 

If it Is desired to emiihaslse the type of compound 
rather than It? coiniiosltlon, the term acid sedts (mono- 
aclil, dlacld, etc.) can be used ns well ns such exnrc.s- 
slops ns primary, secondary, tertlarv salts. Designa- 
tion In terms of the neld : base ratio by means of" bl " 
Is not In agreement with the fundamental jirlnclplcs of 
ratlmml nomenclature. It 1? therefore wrong to say 
" bicarbonate," " lilsnlplmte," " bisulphite.” 

in. Bjilc Sjiri. — Basic salts which can be shown to 
contain hydroxyl groiqis and which can be considered 
and named ns addition compounds of hydroxide.? to 
neutral salts arc called hydroxy salts. 

Example: Cd(OH)CI Cadmium hydrox.vchloride. 

^Yhen the h.vdroxy group Is hound In a complex com- 
pound Werner’.? system of notation should bo used, 
according to which the hydroxyl groups are designated 
hydroxo or ol groups. Basle salts In which thero arc 
oxygon atoms as well ns acid radicals attached to the 
nictnl are called oxy salt.?. If they contain radicals 
with special designations, names derived from these 
can >>c employed. 

Examples ; BIOCI Bismuth oxychloride or bls- 
imithyl cliloride. 

U 02 (N 03)2 Urnniumivi) (lloxjuiitrato 
or urnnyl nitrate. 
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Examples : 
[Cr(OH2)6]Cl3 

ICr3AC(s{OH)2]X 


Hexa-aauochromiumdII) chlo 
ride. 

Hc.xa-acctatodihydroxotrichro- 
mliiniCIII) salt. 


In designating complex anions of acids or salts the 
valency of tlie central atom is given In pnrcnthc.scs 
after the name of tlic complex ^yllIcll ends in -ate. 
The Latin names of metals must often bo used in tins 
connection for reasons of eupliony. 

Examples : 

Hydrogen hexacliloroplatlnatcdV) 
Hydrogen licxacyanoferrateCII) 
Potassium liexacyanofcrratcCIl) 
Potassium liexncynnorcrrntcdll) 
Potassium licxnnltrocobaUatcdll ) 
Potassium tcfrahydroxoaunitcdll) 


HilPtCy ^ , 

Hi[Fe(CN)^ 

KdFe(CN el 
K3[Fe(CN)e] , 
K3[Co(N02)e] 
K[Au(OH)4] 


For neutral complexes (non-clcctrolytcs) it Is not 
necessary to give the valency of tlic central ntoni. 
If it is desired to emphasise the valency, this can be 
done as with the complex cations. Indication of the 
valency is not necessary when tlie number of tlio 
ionised atoms or groups is given in tlic name. 

Examples : 

(CrCOHjlelCb Hcxa-muochromliim trichloride. 
K^lFefCNiel Tctrapota.sslum liexacj'snofciratc. 
K 3 [Fe(CN)el Triiiotassium licxncynnofcrratc. 

This method of naming is, however, only to be 
recommended in those cases wlicro the elect roclicmical 
valency of the central atom Is doubtful, ns for Instance 
with compounds containing NO In (he conipic.x. (At 
this point one is likely to wonder about the -ite and 
-ate endings versus tlie Invarl.able -ate ending with n 
Homan niimcml. It seems satisfactory to use such 
well-establislicd names as chloroplnlinlto where there 
is no amhigidty, but perhaps the tendenry .sliould be 
in the direction of the use of the Invariaide -ate ending 
where there Is any question, liven witli slmid.' oxygen 
acids Chemical Abstracts uses the Invarialilc -ate 
where confusion exists In -Itc and -ate iiames (iintaidy 
with the ferrites and ferrates). I-'or the complex nehls 
Chemical Abstracts prefers an -Ic ending witli a Homan 
numeral, ns chloroplatiniedV) acid (In tills cn«e the 
numeral could bo dropped), to " liydrogcn -ate ” 
names, ns hydrogen hexacliloroplntlnate(lV). 'flip 
German version ofthonilcs uses tlie name Hcxnchloro- 
platin(IV)-s5urc.l 

Order of the attached atoms or ffroups . — .Moms or 
groups co-ordinated In the complex are to be men- 
tioned in the name In the order (i) acidic oraups such 
as chloro (Cl), cyano (CN), cynnalo (NCO), tliloevntialo 
(NCS), sulphato (SO 4 ), nltro (NOj), nllrito (ONO), 
oxalato (C 2 O 4 ), and hj'droxo (OH) ; (11) neutral aroups : 
aquo (H 2 O), substituted amines tC:H4(NH2)2'-’cnl and 
lastofaliammine (NH 3 ). 

_ II. Isopoijr Acidj and their Salts. — As Isopoly aeld.s 
*0 the widest sense are to be understood those acids 
wh ch can be regarded as resulting from two or more 
molecules of one and tlie same add by elimination of 
water. In this sense tlic pyro and meta acids whicli 
are formed from ortlio acids by removal of water are 
also to bo included among tlic Isopoly acids. 

Even though tlic rule liolds for tlie poly acids In an 
accentuated form tliat formula) should bo used for 
caaractensing compounds In complicated cases, there 
So.- a*tational iionienclaturc If only for 

.Kfonps of compounds. There belong 
as especially Important represrntn- 
roolybdic, tungstic, and vanadlc 
tSfore considered with reference to tlicm, 

alwavs (hat the empirical fomuilm should 

hvdrnfp the base anhydrlde:acld nn- 

^ unncccssarj’ to go Into 

Hon of tinsctticd questions of the constlt u- 

tL ‘'’>>8 avoids Introducing 

thatmhrht Wn essential factor 

eventuafpLnpI^ changed In consequence of an 

This nriiSp paceptloii of tlic constitution, 
this class°nr'!J!fm*^ mctliod of representation for 

fonvard and which is clear and stralglit- 

CharMterisotim^,,? ® for systomatio treatment, 
anhydride ratio^h^^ Sm"? base anhydridomcld 
inthesysteSio l-l-^ thoroughly Justlllcd Itself 

salts in Gmelin^s^^°”]^inm°^^i'® ^5°’^ 

Chemie." H hnc ni«.p? nnorganlschcn 

Which was free fmm co^trSoT I 


The following equally satisfnctor.v nicthods for 
constructing names arc available : 

1. The composition, referred to the simplest empirical 
formula. Is given by means of Greek numerical prefixes 
just as with other compounds (cf- H- II). 

2. The simplest formula which c.xprcsscs the 
analytical results for the compound In terms of base 
anhydride and acid auh.vdridc Is resolved Into these. 
The ratio base nnhydridcmcid nniiydrldc Is shown in 
the name by means of Arabic figures in parentheses. 

In both cases the basic component is to be named 
before the acid. Acid hydrogen atoms are to ho 
Indicated by " hydrogen ” nnd sliould alway.s be given 
(also In the names of tlic free acids). 

These jiropo’nls have been carried out for a number 
of borates, silicates, molybdates, tungst.atcs, nnd 
vanadates, ns shown In the tables opposite. 

In more complicated cases the formula Itself Is best 
employed, liven (hough n correct systematic name 
Is possible in such ca'cs, it Is generally unwieldy, ns, 
for Instance : 

Ba 2 (V 02 )H;(Vj 0 | 6 ) Dlbarltim vanadyl dlh.vdrogen 
pentnvnnndatc. 

In n similar way, for example, the compounds of the 
tungstic rtcids with org.inic ba'C-s nre grouped together 
ns '• tungstates of organic bases." Subordinated to 
this gnmji arc tlie subgroups " niethylammonlum tung- 
I st.ntcs," pronylammonium tungstates," nnd so on, 
of which the individual comiiounds tlien follow witli 
their formul.T only, sine,, an attempt to form names for 
each romiiouml would lead to a cumbersome repre- 
sentation of tlieir comiio'lllon. 

IH. Heteropoly Acitlj and their Salts. — The formula' 
of the hctcropoly nciiis and tlu-ir s.nits are resolved into 
their constllnent base nnd acid anhydrides ns In the 
case of the l-oj'oly acids, nnd for this purpose tlic 
simplest formula whlcli cvi'rcssi-s the analytic com- 
pf'-ltion Is rinploycil. 

'Ibis tcsohlllon is made for tlie acid Into: Kon- 
iivtalllc ncid, oxide of the acid-forming niclal, water: 
for the fnlt into : .salt of the nonmetalllc acid (resolved 
perhaps Into ba'c nnhydfidc:nciii antiydride ratio),* 
oxide of the acid-forming metal, water. 

'I lie niimlierB of atoms of the two acid-forming ele- 
ments derived from the simptet formnl.a are shown In 
the name I>y means of .\rablc ilgtire-ior Greek niimctical 
preflti-s. As a nilc, names arc u" d here only for the 
colirctivc designation of groups of comp-miuis. For 
Indivldtialmmpmmdsformul.’c nre used for the most part. 


EinmpUs : 


R3PO4.12M0OJ 
or 3R20,p.0..2'lMoOj 
R 1 PO 4 . 12 WO, 
or 3 R; 0 .P: 0 ,, 21 V /03 
2R,PO..I7V/0, 
or 5R;O.P.O..I7VVOj 
R^BOi.ilWO, 
or SR; 0 .B- 03 , 2 sW 03 
R.SI0,..I2W03 
or dR: 0 .Sl 0 .,l 2 W 03 


Dcvlceamolylxlopliosphale 

21-MolyI>do.2-pliospbatc. 

Dotlccaltingstophosphatc 

2l-Tungsto-2-phosplmtc. 

17-Timgstodlphosplintc 

IT-Tiingsto.U-pliosplmtc. 

I ioticcat ung-toboratp 
2l-Tiingsto-2-lK'ratc. 
DndccatungstoslIIcatc 
12-Tungstosillcatc. 


(Hccaiise they arc so well established It seems likely 
that the following cxceiitluns to the rules for naming 
comidex comiioimds will eontlniio to be encountered 
frequently In chemical literature : colialtleyanie acid, 
cobaltlcynnlde, robaltinitrlte, robalto(->-nnlde. colialto- 
iiltrlte, fi-rricynnlc acid, ferricyanide, fcrroeynnlde, 
idiosphnrnolvbdlc neld, phosphotilngstlc acid, slllco- 
iiiolvbdlc arid, .sllicotiingstlc acid.) 

IV. Double Slits. — Tlie imnie of the doulilo salt Is 
formed by putting togetlier (lie names of the almjilc 
aalta from wlilch ills formed. The order of I he cationic 
constituents ahoiild be that of tlcereanlng electropositive 
character. Constituents common to both salts should 
be mentioned only once. 


Examples ; 


KCI.MeCI: 

Na2S04,C3S04 

3CaO.AI:O3.CaCl3.l0H2O 

Ka.McS 04 


I’otasshim mngtic.sliim 
cliinride. 

Sodium calcium aiil- 
pliate. 

Calchiin chloroalnml- 
iiate.t 

I’ota.sslnm cliloridc 
Jiingiicsiiim snlplmto. 


• If hy HO doing filmpler iiimicricnl relations can Iio 
oMalned. 

t The German vcralon has " Caleiumchlorldalu- 
mlnal ” (c/. Her. 1010, 73 [A], 00), 
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In the third example only the group name is given, 
under which all the single members are coUectei 
[It may sometimes be found difficult or impossible to 
know whether a double salt or a salt with a comply 
anion is under consideration. For example, 3 NaF,AIF 3 
may be named sodium aluminium fluoride, or sodium 
fluoaluminate (Na3AIF6), or it may he spoken of merely 
as a compound of sodium fluoride ivith aluminium 

fluoride.] , , .... , 

V. Hydrates, Ammoniates and other Addition Com- 
pounds. — The collective names hydrate, i>eroxyhydrate 
(not perhydrate), and ammoniate should he applied to 
compounds which contain molecules of H^O, H2O2, 
and NH3, respectively. 

Either Greek numerical prefixes or Arabic figures 
can he used to show the number of such molecules 
present. 

Examples : 

CaCl2,6H20 Calcium chloride hexahydrate or 

calcium chloride 6-hydrate. 

CaCl2,4H20 Calcium chloride tetrahydrate or 

calcium chloride 4 -hydrate. 

NaOOH,H202 Sodium hydrogen peroxide peroxy- 
hydrate. 

AICl3,iNH3 Aluminium chloride ammoniate. 

If it needs to be shown that the molecule in question 
forms part of a complex, then the compounds are to be 
named as aquo compounds, peroxyhydralo compounds, 
and ammines {cf. E. I). 

Examples : 

[Cr(NH3)6]Cl3 Hexamminechromium(III) 

'' chloride. 

[Cr(OH2)6]Cl3 Hexa-aquochTomium(III) 

chloride. 

[Cr(0H2)<Cl2]CI,2H20 Dichlorotetra-aquochro- 

mium(III) chloride di- 
hydrate. 

Other addition compounds. — Addition compounds 
containing added PCI3, NOCI, H2S, C2H\-OH, etc., are 
better shoivn by the formula than by a special name. 
For systematic consideration of this fleld it is advisable 
to make use of a group name. 

Examples : 

AICl3,4C2Hs-OH Compound of aluminium chlo- 
ride ivith alcohol. 

AICl3,NOCI Compound of aluminium chlo- 

ride with nitrosyl chloride. 

AICl3,H2S Compound of aluminium chlo 

ride with hydrogen sulpliide 

Group names : “ Compounds of aluminium chloride 
with organic compounds,” “ rvith sulphur compounds,” 
etc. 

Further Reform. — In spite of the con- 
siderable effort which has been made to stan- 
dardise inorganic chemical nomenclature there 
is still much room for improvement. Under the 
heading “ The Need for Reform in Inorganic 
Chemical Nomenclature,” Janet D. Scott (Chem. 
Reviews, 1943, 32, 73-97) has discussed the 
needs thoroughly. Her comprehensive paper 
is a good source of information as to the variety 
of usages, bad as well as good, which are en- 
countered in chemical literature. It includes a 
bibliography of 70 references. 

Obganic Nomenolatuee. 

Early Developments. — ^Methods of naming 
carbon compoimds have evolved with the pro- 
gress of organic chemistry, as is well illustrated 
by the names given to the compound CgHg-OH. 
EoUowing the fanciful names of the alchemists, 
of which “ aqua vitae ” is the best known, came 
“ spirit of wine ” and alcohol", the latter term, 
originally meaning a fine powder, was perhaps 
transferred to the liquid because of the resem- 
blance between sublimation and distillation. 
With the discovery of other similar compounds 
and the rise of the radical theory “ alcohol ” 


became a class name and CgHg-OH was called 
specifically tlhyl alcohol (at first with the dualistic 
formula C2H4,H20 or C4 Hiq 0,H20). Still 
later the Geneva name ethanol incorporated the 
compound into a comprehensive system of 
hydrocarbons, alcohols, acids, and other classes. 

In the absence of a knowledge of structure 
compotmds receive unsystematic or “ trivial ” 
names (see “ General Influences,” p. 6Q4d). 
We know by such names a great number of 
organic compounds extracted from plant and 
animal materials. Many such substances are 
conveniently named from the plant, animal, or 
animal part in which they are found. 

If a compound is known to contain one of 
several functional groups this additional fact 
can be indicated by an appropriate ending. 
The acid function was the first to be recognised 
in organic compounds; hence, such names as 
“ acetic acid ” (literally “ vinegar acid,” 
German Essigsdure) were coined long before the 
constitution of the acids was deciphered. These 
names of common acids have proved so con- 
venient that they are still used in preference to 
the systematic structural names even when the 
latter are not longer. The basic function was 
also early recognised and came to be indicated 
by the sufiix -ine (in German, -in). Thus we 
have many names of alkaloids, as morphine and 
strychnine (the spellings morphia, strychnia, etc., 
are now obsolete in chemical usage) and of other, 
bases, as aniline and pyridine. 

As other sufSxes denoting function developed 
(e.g., -ol for alcohols and phenols, -ene for un- 
saturated hydrocarbons, -one for ketones) they 
were used in the same way. It is true that such 
terminations have not always been consistent 
{e.g., glycerine is not a base and pyrrol is not an 
alcohol or phenol) ; nevertheless, most of the 
exceptions are of long standing, and some have 
been corrected, as witness the growing replace- 
ment of “ glycerine ” by “ glycerol,” or at least 
“ glycerin,” and the use of the spelling “ pyr- 
role.” At present new natural compounds are 
frequently named with a characteristic sufiix 
and so are partially systematic. The usual 
neutral ending (not. indicating the presence of 
any particular function) is -in. (It should be 
noted here that the distinction between -ine and 
-in is not possible in German, since e is a sign 
of the phual, and is not altogether convenient 
in French because of gender. This is merely an 
illustration of the language differences of which 
any nomenclature must take account.) 

It is natural that the first systematic organic 
names should have been patterned after those 
of inorganic compounds, especially as chemists 
thought in terms of the dualistic theory in the 
first half of the nineteenth century, when theories 
of organic structure were in the formative stage. 
Liebig and Wohler (Annalen, 1832, 3, 261-262) 
introduced, in 1832, the useful sufiix -yl in the 
radical name benzoyl. Berzelius coined the 
name ethyl the following year. According to 
the views of that time these “ compound 
radicals,” or stable groups of atoms, existed in 
their compounds in combination with a negative 
part, thus playing the same rdle as that of metals 
or ammonium in inorganic compounds. In this 
way originated such names as benzoyl chloride. 
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etLyl bromide, and ethyl acetat^ completely 
anabt^ous to inorgamo names. This may ho 
Sedtbe firet method of forming systematic 

°Smists”aS' no longer dualists and are free to 
regard as a radical any portion of an organic 
molecule but the idea of the radical is still 
SSmisable in organic naming. The American 
Chemical Abstracts (1945, S9, 59G3-59G/) 

publishes a list of the names and formula; of over 
400 radicals used in the entries of organic com- 
pounds in its indexes, and more could be added. 

4. second method of naming soon supple- 
mented the first. The meanings of the terms 
“alcohol” and “other” ivere extended to 
•include substances chemically similar to ordinary 
alcohol and ether and the different alcohols and 
ethers were distinguished by tho names of the 
radicals present in them; ns ethyl alcohol, 
amvl alcohol, ethyl ether, methyl ether. In 
th^e names an analogj- may be seen to the old 
inorganic names “ copper vitriol,” “ iron vitriol.” 
and to the names of biological species. The 
same method rvas also applied to compounds 
which are conceived ns derivatives of acids, ns 
in the names acetic ether (later acetic ester), 
benzoic aldehyde, butyric amide, propionic 
nitrile; phrasers of this t\-pc also bccnino con- 
densed into single words, ns bcnzaldehyde. 
butyramide, propionitrilc. 

Names formed by the above two methods an* 
stai in common use, especially for tho simpler 
and better known compounds. The limitation 
on using the names of rndical.s in Ihm manner is 
the large number of such names wliich would 
have to bo coined; every organic chlorine com- 
pound, for example, can be regarded ns the 
chloride of a different radical. 

The Substitution Method. — much more 
fruitful and clastic principle of nomenclature 
was suggested by the substitution theory. 
Since the hydrogen of methane can bo rejilaced, 
step by step, bj' chlorine it is legitimate and 
convem'ent to tWnk of methane ns tho parent 
compound of which tho chlorine compounds are 
modifications. This can bo indicated by the 
names monochloromothanc or simply c'hloro- 
methane for CHjCI instead of “ methyl 
chloride,” dichloromcthano for CH^CU instead 
of “methylene chloride,” and trichforomelhnno 
for CHClj instead of “ mcthoind chloride.” 
Thus one prefix, in combination with numerical 
prefces, serves in place of three names of 
rascals. ^ This principle of naming in terms of 
substitution has been widely applied, with little 
regard to whether tho replacements indicated 
by the names are factual^' possible. 

^edifference between tho “ species ” method 
and the substitution method of naming can bo 
‘^‘0 alcohols. “ .^fcthyl 
alcohol and “ethyl nloohol" denote single 
there are two propvl alcolrols 
and four butyl alcohols, the radicalof each of 
™ch must be distinguished in some wav. 

■ WoLf«'* P>-opeeds to tho amyl alcohols 'it 
inconvenient to distinguish 
“pri-n-arayl alcohol,” 
etf u nicohol,” 

the int^ ‘difficulty was relieved somewhat by 
duction of the carbinol nomenclature. 


“ Carbinol ” is really another name for the 
simplest nicohol, CHg-OH, methanol or metlnd 
nicohol, which can bo considered ns tho parent 
of other alcohols. By imagining carbinol ns 
modified by the introduction of various hydro- 
carbon radicals in place of one or more of tho 
three lu'drogcn atoms of the rnctli}-! group one 
arrives at such names for tho amyl alcohols ns 
n-butylcarbinol, scc-butylcarbinol, and methyl- 
propylcarbinol. in which tho names of simpler 
radicals are used. Similarly, many acids may 
bo named n.s dorivativc.s of acetic acid; ns, 
trimcthylacctic acid, (CHA^C-COjH ; olefins 
may Im named as ethylene derivatives, ns 
.<^ym-dinicf hylcf hylcno ; and so on. 

This plan of naming compounds of more or 
less complex structure ns substitution products 
of a simpler parent compound forms the basis 
of most ])rc.scnt-day organic nomenclature. The 
parent compound must not, however, bo too 
simple, ns then the subsiiiuent.s may In; too 
comjde.x. This is why the use of .Mich simple 
panuit compounds ns methane, carbinol, and 
acetic arid has ordy a re.strictcd value. 

.•V broader genera! basis is needed and, sinc<‘ 
organic chemi-'try has Int-n defined as the 
chemistry of the hydrocarbons and their lieriva- 
fives, it would Ik' natural to find such a basis in 
the hydrocarbons. 

The .suffix •'•lie was already in use for certain 
Tmlrocarboiis, ns ethylene, when Hofmann 
(.inhreslKTicht (ilx'r die Fortschriltc der Chemic, 
-Il.'t) made the propo'.als that the five 
vowels be used to form the endings .fmc, -erte, 
-i«c, -onr, ami -urir to name, resjwetively, 
hydrocarbons of the five (cries C„H;n+;. 

and ; foro.xnmple, 

methane, CH,; ethane. CjH^; ethenc, 
C;H^ ; ethine, CjH,; propom\ CjH. ; rpinr- 
tune, C^Hj. (Tins (.eriei of endings m.ay have 
Ikh'u MiL'ge.stcd by LaurentV earlier proposal of 
.n«c, ./.r, .()<,•, .tj.f.- to denote (^t.igc.s of Mib- 

atitution. .‘•Vc M’urtz’s article on " Nomen- 
clature " in his " Dictionnaire de chimie [uire et 
ajipliquee,” m. 1.S70, Tome 2, Pnrtie 1, p. oT.'l.) 
Chemists have miopted this proposal otdy in 
part and with nmditication.s ; that i.s to eny, 
they have accepted .uac for 8,atur.atcd hydro- 
carlKins (whetiicr oiK'n-chain or cyclic), -rn/- for 
unsaturated hydrocarbons (in the aliphatic 
.series the olefm.s), and -i«c for acetylene hydro- 
carbon.s (but not for diolcfinn). The .spoiling 
-iMc hn.s recently been changed to to avoid 
connict with -inc na used to denote base.s. Uof- 
mann’.s endings -one and -wnc have never found 
favour. They have not jirovcd nece.ssary and 
-one lin.s been pre-empted to designate ketone.s. 

The Geneva System. — During mo^t of the 
nineteenth century organic nomenclatun.' grew 
almost wholly by accretion, each author follow- 
ing tho lead of others or making now proposals 
for tho compounds with which ho was im- 
modintoly concerned. The re.sult was a hetero- 
geneous ma.s.s of usage, with many poorly con- 
.structed name.s. 

In 1802 a nomonelaluro congre.ss consisting 
of thirty-four prominent organic chemists, ropre" 
.sonting nino European countries, mot in Genova 
and adopted a scric.s of rules embodying what 
has since boon known n.s tho Genova nomon- 
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clature (Pictet, Arch. Soi. phys. nat. 1892, [iii], 
27, 485-520; Tiemann, Ber. 1893, 26, 1595- 
1631); for an extended commentary, see the 
article by A. Combes, “ Chimique (Nomen- 
clature) ” in Wurtz’s “ Dictionnaire de chimie 
pure et apphqu^e,” 1894, Supplement 2, Partie 1, 
pp. 1060-1076. The system was not complete, 
even for aliphatic compounds. Its goal of one 
official name for every organic compound proved 
impractical of realisation. Chemists made use 
of some of its recommendations and paid no 
attention to others. The Geneva system was 
nevertheless a notable advance. It is char- 
acterised by clearness, logic, and beauty of 
arrangement (“ la belle ordonnance,” to use 
Grignard’s phrase) and is well adapted to 
systematic works. It is followed consistently 
in the fourth edition of “ Beilsteins Handbuch 
der organischen Chemie.” With important 
modifications and additions it survives in the 

I. U.G. system described below. 

The most important features of the Geneva 
system are : (1) Eor aliphatic compounds, 

selection of the longest hydrocarbon chain in the 
compound as a basis for the name and the 
designation of positions on this chain with 
Arabic numerals. (2) Systematic use of suffixes 
to denote satimation or unsaturation (-ane, -ene, 
-diene, etc.) and functional groups (-ol, -one, -al, 
-oio acid, -nitrUe, etc.). 

The principle of the “ longest chain ” greatly 
facilitates the naming of all but the simplest 
compounds. Whereas eight different radical 
names are required for naming the amyl alcohols 
by the “ alcohol ” method or the “ carbinol ” 
method, only one (methyl) is needed by the 
Geneva system. The suffixes promote brevity 
(ethanol as contrasted with “ ethyl alcohol ” or 
“ hydroxyethane ”) and bring out chemical 
relationships (butane, butene, butadiene ; pro- 
pane, propanol, propanal, propanoic acid). 

The I.U.C. System. — The incomplete state 
of the Geneva rules and the objections to some 
of their features, combined with the rapid 
growth of the science, led the International 
Union of Chemistry to appoint in 1922 a Com- 
mission on the Reform of the Nomenclature of 
Organic Chemistry with A. F. Holleman as 
chairman (succeeded later by P. E. Verkade). 
The Definitive Report of this Commission was 
adopted by the Union at Liege in 1930. It has 
been given wide publicity (J.C.S. 1931, 1607- 
1616 ; Ber. 1932, 65A, 11-20 ; Rec. trav. chim. 
1932, 51, 185-217, with comments by Verkade; 

J. Amer. Chem. Soc. 1933, 55, 3905-3925, with 
comments by Patterson ; etc.) and seems to 
have met with a favourable response. The rules 
contained in this report, with two amendments 
adopted at Rome in 1938, are given below. 
They constitute w'hat has come to be called (as 
regards organic chemistry) the I.U.C. system or 
I.U.C. nomenclature. 

I.U.C. ORGANIC RULES. 

I. General. 

1. As few changes as possible will be made In 
terminology universally adopted. 

2. For the present, only the nomenclature of com- 
pounds of known constitution will be dealt with ; the 
question of substances of imperfectly known constitu- 
tion is postponed. 


3. The precise form of words, endings, etc., pre- 
scribed in the rules should be adapted to the genius of 
each language by the subcommittees. 


II. Hydrocarbons. 

4. The ending ane is adopted for saturated hydro- 
carbons. Open-chain hydrocarbons will have the 
generic name alhanes. 

5. The present names of the first four normal 
saturated hydrocarbons (methane, ethane, propane, 
butane) are retained. Hames derived from the Greek 
or Xatin numerals will be used for those having more 
than four atoms of carbon. 

e. Branched-chain hydrocarbons are regarded as 
derivatives of the normal hydrocarbons ; their names 
will bo referred to the longest normal chain present 
in the formula by adding to it the designations of the 
side chains. In case of ambiguity, or if a simpler 
name would result, that chain which admits of the 
maximum of substitutions will be selected as the funda- 
mental chain. 

7. In case there are several side chains, the order in 
which such chains ore named will correspond to the 
order of their complexity. The chain having the 
greatest number of secondary and tertiary atoms 
will be considered the most complex. The alphabetic 
order may also be followed in such cases. 

8. In the names of open-chain unsaturated hydro- 
carbons having one double bond the ending ane of the 
corresponding saturated hydrocarbon wiU be replaced 
by the ending ene ; if there are two double bonds, the 
ending rviU be diene, etc. These hydrocarbons rvill 
bear the generic names alkenes, alkadienes, alkatrienes, 
etc. Examples : propene, hexene, etc. 

9. The names of triple-bond hydrocarbons will end 
in yne, diyne, etc. They will bear the genetic name 
alkynes. Examples : propyne, heptyne, etc. 

10. If there are both double and triple bonds in the 
fundamental chain the endings enyne, dienyne, etc., 
will be used. The generic names of these hydro- 
carbons will be alkenynes, alkadienynes, etc. 

11. Saturated monocyclic hydrocarbons will take 
the names of the corresponding open-chain saturated 
hydrocarbons, preceded by the prefix cyclo. They will 
bear the generic name cycloalkanes. 

12. When they are unsaturated, rules 8-10 will be 
applied. However, in the case of partially saturated 
polycyclic aromatic compounds the prefix hydro, pre- 
ceded by di-, telra-, etc., will be used. Example: 
dihydroanthracene. 

13. Aromatic hydrocarbons will be denoted by the 
ending ene and will otherwise retain their customary 
names. However, the name phene * may be used 
instead of benzene. 


III. Fundamental Heterocyclic Compounds. 

14. The endings of customary names, endings which 
do not correspond to the function of the substance, will 
undergo the following modifications, so far as they are 
in accord with the genius of each language : (a) The 
ending ol will be changed to ole. Example : pyrrole. 
(&) The ending ane rvill be changed to an. Example : 
pyran. 

15. When nitrogenous heterocycles not having the 
ending ine give basic compounds on progressive hydro- 
genation, such derivation will be indicated by the 
successive endings ine, idine. Examples : pyrrole, 
pyrroline, pyrrolidine ; oxazole, oxazoline. . 

16. The ending a is adopted for hetero atoms occu^ 
ring in a ring. Oxygen will accordingly be indicated 
by oxa, sulphur by thia, nitrogen by aza, etc. The letter 
a may be elided before a vowel. Examples : thia- 
diazole, oxadlazole, thiazine, oxazine. 

While the universally accepted names of heterocyclic 
compounds are retained, the names of other hetero- 
cyclic compounds are derived from that of the corre- 
sponding homocycUc compound by adding to it the 
names of the hetero atoms ending in a. Example: 
2:7:9-ttiazaphenanthrene. 



* Not used in J.C.S. 
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IV. Simple Functions. 

17 Substances of simple function arc dcflnc(l ns 
SliJng a function of one Idnd only, which 
those contai n j molecule. 

“fs S them is only one functional group, the 
r nimlntnl Chain tvill be selected so as to contain 
Ms S When there are se^mral functional groups 
thl tandamental chain will bo selected so as to contain 

‘'^5 “ Hdog“n”Zvatl«^^^^^^ by the 

“^ 20 ® Al^S“and phenols wiU bo given the name of 
the hytoMrbon from which they arc derived. foUowcd 
bv the suffix ol. In accordance with rule 1 names 
umvereally adopted wUl bo retained, as: phenol. 

“Thls”nomenclatOT3 may also be applied to hctcro- 
pvcles Exmiple: qnlnolinol. 

21 In naming polylu’dric alcohols or phenols, one 

of the ftrSs Ulrl etc.. wUl be Inserted between 

the nam^e of the parent hydrocarbon and the suffix o/._ 

22 The name mercaptan as a saffix Is abandoned , 
this function will be denoted by the suffix Uiiol 

23 Ethers arc considered ns liydrocnrbons In 

which one or several hydrogen atoms are replnceil by 
alkoxy groups.* However, for si’nirnctricaJ eCftcrK the 
present nomenclature inny be let.ahml. Examples: 
CH3-0-C2H}, methoxycthane : CHj-O-CHj, methoxj- 
methane or methyl ether. , , . , . , 

24 Oxvgcn linked, in a chain of carbon atoms, to 
two of these atoms will be denoted by the prefix rpo^ 
in all cases where it would be unprontablo to name the 
substance as a cyclic compound. Examples : et by Icne 
oxide =epoxycthanc ; cplchlorohydrln«>.3-ehlnro-l:2- 
epoxypropane ; tctrnmcthylenc oxide*’ 1:4 -epoxy- 

^'l^°Sulphidcs, dlsulphldM, sulphoxldc.®, and sul- 
phones will bo named like the ethers,* oxy hi iiig re- 
placed by Ihio, diUtio, eulphinpl, and sulphonyl. rcsi>cc. 
tivcly. Examples: CHj-S02'C2H3, mcthylmlphonyl- 
ethane ; CHj-S-CjH;, methyllhlopropnnc ; 

CHj'CHrCHt'SOCHrCH’CHyCHj . 

l-(propylsulphinyl)butanc. 

26. Aldehydes arc characterised by the suffix ol 
added to the name of the hydrocarlton from whleh 
they are derived ; thioaldehyiles, by the suffix thial. 
Acetals will be named ns l:l-dlnlkoxynlkauc,s. 

27. Ketones will receive the ending one. niketones, 
triketones, thiokctoncs will Ikj designated by the 
suffixes dione, trione, iMone. 

28. The name heiene t Is retained. 

29. For acids the rule of the Genova nomencLatun; 
is retained. However, In cases where the use of that 
nomenclature would not be convenient the carboxyl 
group will be considered as a substituting group nn<l 
the name of the acid will bo formed by adding to the 
name of the hydrocarbon the suffix carhonitiuf or 
carboxylic, according to the language. (The Geneva 
rules referred to read as follows : " 20. Xnmes of the 
monobasic acids of the aliphatic scries arc derived 
from those of the corresponding hydrocarbons followed 
by the suffix oic t ; polybasic acids will be nameil with 
the suffi.xes dioic, trioic, telroie. 27. In acids of the 
ahphatic scries the carboxyl will be considered an 
■htc^al part of the skeleton of carlmn atoms.") 

30. Acids in widch an atom of sulpliur replaces an 
atom of oxj’gcn will bo named according to tlie Geneva 
nomenclature. Example : ethancthloic, -thiollc, -Ihl- 

carboxyl is considered ns a 
compounds will bo named earhothioie 
earbothiolie will he used If it Is 
9^ Rfoup la replaced by 
tho rn’ Buffix carbothionie If it Is the oxygen of 

both j ^ carhodithioic will bo used if 

saltsand estera!*”® "’U' retained for 

retain their pre.sent mode 

^th the names fonned In necordance 

Smes amfE ["’'"cnclaturc, tlio amides, aml- 

Hke the acTds "ill be name<l 

me acias by adding to the name of the corre- 

airowta\”r^new ir blit would be 

types ^ uncommon compounds of these 

t TOO on keten. 

I J.as. uses ■ carboxyWc " where practicable. 


spending hydrocarbon the endings amide, amidine, 
amidoxime, 'imide, and nitrile, respectively, while the 
halides will bo named by combining cldoHde, etc., 
with the name of tlic radical. Examples : C 3 H 7 -COCI, 
butanoyl chloride ; C 3 H 7 -CONH 2 , butanamiilc ; etc. 

If tlic carboxyl Is considered ns a substituent the 
endings carhonamide, carbonnmidine, carhonamidoxime, 
carhonimide, carbonitrile will he used. Examples: 
C3H7-COCI, propanccarbtmyl cldoridc ; C 3 H 7 -CONH 2 . 
propanecarbonamidc ; * etc. 

33. The ending ine is reserved exclusively for 
nitrogenous bases. 'Jlic present nomenclature of 
monoainlnc-s Is retained. Tor polyntnlncs. the name 
of tlm hydrocarbon will be followed by the suffixes 
diamine, triamine,f etc. 

For aliphatic compounds containing quinquevniont 
nitrogen the ending ine will be changed to ouiuni. For 
cyclic substances containing qulnquevnlcnt nitrogen 
in the ring the ending tuc will be changed to inium ; 
for those with tlic ending ole, this will be changed to 
(ilium. Examples: pyridine, pyridinium ; Imldarolc, 
imldazoliitm. 

3t (revised), (a) Derivatives of hydrogen arsenide, 
AjHj, will be named like the amines nnd their deriva- 
tives. with tlie ending arsine. Tlic iinivnlcnt radical 
— AiHj will be designated by the prefix or.tino. 

Examples: metli>iar»ino ; (CH 3 ) 3 Ai, 

trlmethylnrslnc (CH 3 ) 2 AsCI, clilonyllniethvlnrslne ;. 
(CH3)3^0. trlmctiiylar.slnc tixiile ; H;A!CH 2 -CH:A!H;. 
l:2-dlarslnoetlianco’retlinnr-l:2-<Ilarsine; (C:Hj),A50m, 
fetraethylarsniiliini hydroxide; (CHj)2A5-Ai(CH3);, 
tctramcthyllilan'Inc. 

(b) AclJs of the types RHAs(;0)0H and RR'A;- 
(:0)0H will 1)0 named arrinie acids; tlio»e of the type 
RAi(:0)(OH); will be named ar/onie acidt. The 
radical >AjO;H will lie designated by tlie preAx 
arsiniea, the radical — AiOiH* by the prolix ar/ono. 

Exattniles : (CH 3 )'At 02 H, dlmethylar.-lnic aeid ; 

QHiAtOiH: bcnreneaiT-onle add. 

(e) Itules a nnd t> an' applicable to tlie nnilDgmis 
compounds of phosplionis and antimony, th'' syllaMi' 
"nts" helng replartil res]H'etivrly by phntph ox sUb. 

(d) Tiie lollowing list Includes the prefixes and 
suffixea applicable to the most eommon cornpoiimls of 
phosplionis, nn'enic, nnd antimony : 


Itadleal. 

Prefix. 

Suffix. 

— AtH’ 

nrsino 

nrsine 

— -AiO 

arseiioso 


— AsO. 

arro 


>Ai(:6)OH 

nr«inIco 

nndnic 

-A3(;0)(OH)3 

imonti 

arfonie 

— Aj«Ai — 

nneno 


—PH’ 

plimplilno 

phosphine 

— ro 

iiliO’iilKirosf) 


— PO. 

iiliosplio 


>P(:0)0H 

Iilinsphlnico 

phosphinie 

-P(:0)(0H). 

plexphtiiio 

phosplionic 

— P-^p— 

phoiphoto 


— P^’N— 

phmpharo 


— P'-'Ai — 

jihrisphanenri 


“"SbH’ 

ftlbino 

stlbliie 

— SbO 

ftlilOSO 


— SbO. 

stlbo 


>Sb(;6)OH 

sfllilnico 

stiblnic 

— Sb{:OHOH). 

stlbono 

stlbonlc 

“-SbwSb— 

niitlmonn 


— Sb*'Ai — 

stlliarseno 



(c) Derivatives of bismiitliinc, BiH 3 , will be named 
like the nr.’iries. 

(/) Comnoiinds of arsenic, phosplionis, nnlimony, 
nnd bl.sniiitli which can not be named clearly by the 
preceding nib-s will be named ns derivatives of arsines, 
phosphines, stililnes or Idsmuthlncs or (If iiosslbje) ns 
organoinetnllle derl vat Ives (nilc 48). 

Examples: CH 3 'DiO, metliylblsnnith oxide ; 

CHjSbCh, 

methylantlinony tetraclilorlde : (QH 5 ) 2 AjOC 2 H 5 , 
cthoxydlphcnylar.slno ; (CHil’AsOH, hydroxydimetliyl- 
arsine or dinictliylnr.scnic liydroxlde ; CH 3 SbS, rnetliyl- 
nntlmony sulplildo; [(CH3)2Ai]20, bl.sfdiinctliyl- 
nrscnlo) oxide or cacodyl oxide. 

3.i. (Compounds derived from hydroxylnmino by 
replacement of the liydrogcn of the hydroxyl will be 

• Tlic u.se of biilyryl (not propanccnrbonyl) chloride, 
etc., I.s retained in .r.G.S. 

t J.C.S. rof.'jln.s the u.so of nlbylcnpill.iiiilnc, plwny- 
lencdlamluc, nnd naplitliylcncdlnmiiio. 



608 


NOMENCLATURE AND LITERATURE, CHEMICAL. 


regarded as alkoxy derivatives; those in which an 
atom of hydrogen of the NH 2 grpup is replaced, as 
alkylhydroxylamines. Oximes will be named by 
adding the suffix oxime to the name of the corre- 
sponding aldehyde, ketone, or quinone. Examples : 
C 2 H 3 - 0 -NH 2 ethoxyamlne; C 2 H 5 -NH-OH, ethyl- 
hydroxylamlne. . , .. 

36. The generic term urea is retained ; it wili be 
used as a suffix for the alkyl and acyl derivatives of 
urea. Examples : butylurea, C 4 H 5 -NH-CO-NH 2 ; bu- 
tyryiurea, C 3 H 7 -CO'NH-CO-NH 2 . The bivalent radical 
— NH-CO-NH — will be named ureylene. 

37. The generic name guanidine is retained. 

38. The name carbpiamine is retained. , _ 

39. isoCyanic and tsothlocyanlo esters (RN:C:0, 
RN;C:S) ivlll be named isocyanates and isothiocyanates. 

40. The name cyanate is reserved for true esters 
which on saponification yield cyanic acid or its hydra- 
tion products. The name sulpJioeyanate will be re- 
placed by thiocyanate. 

41. Nitro derivatives : no change in the present 
nomenclature. 

42. Azo derivatives : the forms azo, azoxy are 

43. (a) Diazonium compounds, RN 2 X, are named 
by addition of the suffix diazonium to the name of the 
parent substance (benzenediazonium chloride). 

(6) Compounds having the same empirical formula 
but containing trlvalent nitrogen will be named by 
replacing diazonium with diazo (benzenedlazohy- 
droxide). 

(c) Substances of the type RN 2 OM will be named 
diazoates. 

(d) Compounds in ivhlch the two nitrogen atoms are 
united to a single carbon atom ■will be designated by 
the prefix diazo (diazomethane, diazoacetio acid). 

(e) The term diazoamino is retained ; however, these 
compounds may also be regarded as derivatives of 

t/XlAZ0110 

(/) Derivatives of the substances H 2 N-NH-NH-NH 2 ; 
HN:N-NH-NH 2 ; HN;NNHN:NH wffl be named 
tetrazanes, tetrazenes, pentazdienes, etc. 

44. Hydrazines are designated by the name of the 
alkyl radicals from which they are derived, followed by 
the suffix hydrazine. In oases where the amino group 
of oarbonamldes is replaced by the hydrazino group, 
the suffix hydrazide 'will be used. Hydrazo derivatives 
are regarded as derivatives of hydrazine. Examples ; 
CH3'Nh'NH2i, methylhydrazine ; C2H5'NH'NH'C3H7. 

l-ethyl-2-propylhydrazlne ; C 3 H 7 -COnH-NH 2 i butyro- 
hydrazide or propaneoarbohydrazide. 

45. Hydrazones and semlcarbazones are named like 
the oximes. The term osazone is retained. 

46. The name quinone is retained. 

47. Sulphonio and sulphinio acids will be designated 
by adding the suffixes sulphonic and sulphinic to the 
name of the hydrocarbon. 

The analogous acids of selenium and tellurium 3vlll 
bear the names alkaneselenonic and -seleninic acids ; 
alkanetelluronic and -tellurinic acids . 

48. Organometallic compounds will be designated 
by the names of the organic radicals united to the 
metal which they contain, followed by the name of the 
metal. Examples ; dlmethylzinc, tetraethyllead, 
methylmagnesium chloride. 

However, if the metal is united in a complex manner 
it may be considered as a substituent. Example: 
CIHg'C 6 H 4 -C 02 H, chloromercuribenzoic acid. 

49 (revised) a. I. Cyclic hydrocarbons with ali- 
phatic side chains are to be named according to one 
of the two follo3ving methods : (a) The radical names 
denoting the side chains are prefixed to the name of 
the cyclic hydrocarbon. (j3) The cyclic hydrocarbon 
residue, if it can be named as a radical, is considered a 
substituent of the aliphatic chain. 

Naming according to (a) is in general preferable when 
the side chain is short or when several side chains are 
present. Naming according to (j3) is more convenient 
when the side chain is long, and particularly when the 
cyclic hydrocarbon residue' is not at the end of this I 
chain. 


Examples : (a) C 6 H 5 -C 2 H 5 , ethylbenzene ; 

CH3-C6H4-C2H5, 

methylethylbenzene ; CjoHr'CH :CH 2 , ethenylnaph- 
thalene. 

(/S) CH3-CH(C6H5)(CH2)sCI-l3, 2-phenyloctane ; 
i>-(CH3)2CH-C6H4-CH(CH3)CH(CH3)(CH2)3CH3, 
3-methyl-2-(4-isopropylphenyl)heptane. 

For naming cyclic hydrocarbons with side chains 
according to (a), it is advisable in many cases to use 
the common names of simple aromatic hydrocarbons. 


Examples : ()-CH 3 -C 6 H 4 'C 2 H 5 , 2-ethyltoluenc; 

(CH3)2C6H3-CH:CH2(I.3,2), 

2 -ethenyl-m-xylene ; 

CH3-C6H3(C2Hj)CH (CH3)2( 1 ,2.4), 

2- eth.vl-p-cymene. 

II. When several cyclic hydrocarbon residues are 
united by an aliphatic chain the name of the com- 
pound will be derived from that of the aliphatic hydro- 
carbon, provided radical names are available for the 
cyclic hydrocarbon residues. 

Examples: C6H5'CH2‘C6H3, diphenylmethane ; 

C6H5-CH2-CH(C6H5)-[CH2]2’CH3, l:2-diphenylpeutane. 

If this is not the case, or if the possibility of using 
a convenient radical name makes it desirable, the 
name of the compound will be derived from that of 
one of the cyclic hydrocarbons, on the principle of 
substitution. 

Examples : Ci4H9'CH2-C6H3(2), 2-benzylanthracene 
(better than phenyl-(2-anthryl)methane) ; 

Ci6H9-CH2-CH2C6H5. 

(j3-phenylethyl)pyrene. 

6. When the cyclic hydrocarbons treated of in rule 
49a carry functions which can be expressed only by a 
prefix, the same possibilities for names exist as those 
indicated in rule 49a. 

Examples: C 6 H 3 -CHCI-CH 2 CI, l:2-dichloro-l-phenyl- 
cthane or (a;S-dichloroethyl)benzene ; 

C6 HsCH2 -CH(CH3)CH2CI , 

3- cIiIoro-2-methyl-l-phenylpropane or (y-chloroiso- 
butyl)benzene ; p-ClCsH^-CHz-CHiCl, 4-ohloro-l-(j3- 
chloroethyl)benzenc or 2-chloro-l-(4-chlorophenyl)- 
ethane. 

For naming derivatives of monocyclic hydrocarbons 
which have common names, it will be of advantage to 
employ these names. 

Examples : j).CIC 6 H 4 -CH 3 , 4-chlorotoluene (4-chloro- 
1-methylbenzene); p-CIC 6 H 4 -CH 2 Cl, 4:£u-dlchloroto]uene 
(4 - chloro - 1 - (chloromethyl)benzene, 4 - chlorobenzyl 
chloride); CH3-C6H4(N02)CH(CH3)2{I,2.4), fi-nitro-p- 
cymene (2-nitro-l-methyl-4-2sopropylbenzene). 

50. If it is necessary to avoid ambiguity, the names 
of complex radicals will be placed in parentheses. 
Examples : (dimethylphenyl)amine=(CH3)2C6H3-NH2 ; 
dimethylphenylamine = CsHs-N (CH3)2. 


V. Complex Functions. 

51. For compounds of complex function, that is to 
say, for compounds possessing different functions, 
only one kind of function (the principal function) will 
be expressed by the ending of the name. The other 
functions will be designated by appropriate prefixes. 

52. The following prefixes and suffixes 3ViU be used 
for designating the functions. 

Function. Prefix. 

Acid and deriva- carboxy 


tives 


Alcohol 

Aldehyde 


hydroxy 
0 x 0 , aldo 
aldehyde 
or formyl (for 
CHO) 


(for 

O) 


Suffix. 

carboxylic, car- 
bonyl, car- 
bonamide, 
etc., or olo, 
oyl, etc. 
ol 
al 


Amine 

amino 

aimne 

Azo derivative 

azo 

— 

Azoxy derivative 

azoxy 

— 

Carbonitrile (ni- 

cyano 

carbonitrile or 

trile) 

nitrile 

Double bond 

— 

ene 

Ether 

alkoxy 

— 

Ethylene oxide, 

epoxy 

— 

etc. 


Halide 

halogeno (halo) 

— 

Hydrazine 

hydrazino 

hydrazine 

Ketone 

0 x 0 or keto 

one 

Mercaptan 

mercapto 

thiol 

Nitro derivative 

nitro 

— 

Nitroso derivative 
Q uinquevalent 

nitroso 

onium, inium 
(olium) 

nitrogen 


Sulphide 

alkylthio 

— 

Sulphinic deriva- 
tive 

Sulphone 

sulphino 

sulphinio 

sulphonyl 


Sulphonic deriva- 
tive 

Sulphoxide 

sulpho 

sulphonio 

sulphinyl 


Triple bond 

yne 

Urea 

ureido 

urea 
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53 The names of derivatives of fundnnicntnl hetcro 
cycUi substances will be formed according to the pre 
ceding rules. 

VI. Radicals. 

54 Univalent radicals derived from saturated nii 
nhatic hydrocarbons by removal of one atom of I'yoro 
eerwill be named by replacing tlic ending aiie of tiio 

hvdrocarbon by the ending?//. 

55 The names of univalent radicals derived Aoni 
unsaturated alipliatie liydrocarbons will Imvc the 
Sm eny/, i/ni/!, dxe»yl, etc., the positions of tlie 
Sle or triple bonds being indicated by mimcrals or 

letters where necessary. ,, , , , , . 

56 Bivalent or trivalcnt radicals derived from 
saturated hydrocarbons by removal of 2 or 3 liydrogcii 
Ttoms from tlic same carbon atom will l)C named b.v 
replacing the ending ane of the hj drocarbim lij the 
endings i//We;ie or plidync. For radicals elenyed from 
unsaturated hydrocarbons, tiicse endings will be added 
to the name of the hydrocarbon. 'I'hc names tso- 

propylidene and methylene arc retained. 

57 The names of bivalent radicals derived from 
.alipliatie hydrocarbons by removal of a liydrogen 
atom from each of the two terminal carbon atoms of 
the chain uill be ethylene, trimctlij-lcnc, tetramethy 

'^'si'^Eadicals derived from acids by removal of OH 
will be named by changing the ending carboxylic to 
carbonyl or, if the Geneva nomenclature Is used, oic to 

*^^59. Univalent radicals derived from aromatic 
hydrocarbons by removal of a hydrogen atom from the 
ring pill in principle be named by changing the ending 
ene to yl. However, the radicals CrHj and Cf,!! j-ClI' 
^TiU continue provisionally to he named phenyl ami 
benzyl, respectively. Moreover, certain abbreviations 
sanctioned by usage arc nulhori.scd, as nnphthyl 
Instead of naphUialyl. 

00. Univalent radicals derived from heterocyclic 
compomids by removal of hydrogen from the ring will 
be named by changing their endings to yl. In ca«e3 
where this would give rise to ambiguity, merely the 
final e wUl be changed to yl. Kramplcs : pyridine, 
pyrid.vi ; indole, Indolyl ; jiyrrollne, pyrrollnyl ; 
triazole, triazolyl ; triazlne, triazlnyl. 

61. liadicals formed by removal of a h.vdrogen atom 
from a side chain of a cyclic compound will be regarded 
as substituted aliphatic radicals. 

62. In general, special names will not he given to 
multivalent radlcais derived from cyellc compounds l>y 
removal of several hydrogen atoms from the ring. In 
this case prefl.\es or siiillxes will i»o used. J^samplc-t ; 
triiiminobcnzcnc or benzonctriamlne ; dihydroxy- 
p.vrro!o or p)TroIediol. 

63. The order In which prefixes or radlc.als are state/I 
(alphabetic order or conventional order) renmins 
optional. 

VII. Numbering. 

64. In aliphatic compound.s the carbon atoms of the 

fundamental chain will be numbered from one end tei 
the other with the use of Arabic mimcrals. In ca«c of 
ambiguity the lowest numbers will be given (1) to the 
pncipal function, (2) to double bonds, (.3) to triple 
bonds, (4) to atoms or radicals designated by prefixes, 
the expression “lowest numbers ’’ slgidfles tlio>u; that 
Include the lowest individual number or numlicrs. 
opo®' V?.'® 2:4:0; 1:5:5 lower tlian 

TiSo’. L4;5; l:i:3:4 lower than 

65. Positions in a side chain will be de.signated by 
numerals or letters, starting from tlio point of att.ach- 
wifw), numerals or letters will be in parentheses 
wuh the name of the chain. 

umbiguity in the numbering of atoms 
tLt M if * designated by prefixes, the order will be 
prefixes before the name of tlio 
sSSts «''«■" of "'Idch they arc 

simnip'^nviFrn'io^®^’ '’U used l/eforc 

StL u’^umplc, dlcthylbutanetrlol) 

MMl r AhSl 

ings actom*ne ® systems, with their number- 

ofA. M C’^’stlng system and to that 

m. mterson, is in preparation under the auspices 

* J.C.S. uses diphenyl. 

VoL. Vni— 39 


of the National llcscarch Cotmcll of the United States 
and of the American Cliemical Society. 

In order to avoid all confusion the Commission 
recommends placing a scheme of numbering at the 
head of each article. 

P'ho catalogue referred to was published in 1040 as 
American Chcmlc.'il Society Jionograph No. 84, "The 
King Index, a List of Jtlng Systems Used in Organic 
Chemistry,” Ilcinhold Publishing Corporation, New 
York.] 

Index to I.U.C. Organic Rules. 
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Dl.sulfides 25 
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r.thers 23 
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simple 17-50 
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Otmnldliic derivatives 37 

Halogen derivatives Ip 

Heirrocyrlle romi>f>unds 14. 10, 53 

Hydrazldes 44 

Hydrazine derivatives 44 

Hydrazo compounds 4t 

Hydrazones 45 

Hydrocarbons : 

allplmtlc saturated 4-7 

alipliatie un«aturntcd 8-10 

hraneheil-clmlri C, 7 

cyclic 11-13 

strniglit-rhnin 5 

Hydroxylnmlne derivatives 35 

Imidcs 32 

Ketens 23 


Ketones 

Merenjitans .... 

Mctnl-organlc compounds 

Nitriles 

i-soNltrlles .... 

NItro derivatives 
Nltroso derivatives . . 

Numbering ]04 

Onium compounds . 

Organometalllc compounds 

Osazones 

Oximes 

of amides .... 

Pentnzdiones .... 

Plicnols 

Pliospliorns compounds . 

Prefixes 

order of .... 

Qiiinone.s 

Itadicabs : 
neld 


. 20 , 


bivalent 50 

comidex ' 

multlvnlont cyclic [ 

order of . . ... ... 7 


48 

32 
38 
41 
52 

-00 

33 
48 
45 
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32 
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,21 

34 
52 
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40 

58 

,67 

GO 
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Kadicals — eonlintied. 

side-chain ... 

trivalent 

univalent satvirated 

univalent unsaturated 

univalent heterocyclic 

univalent aromatic 

Salts 

Selenonic and seleninic acids 

Semicarbazones 

Sufiixes 

Sulfides 

Sulfinic acids 

Sulfones 

Sulfonic acids 

Sulfoxides 

Telluronic and teUurinic acids 

Tetrazanes and tetrazenes 

Thials 

Thio acids 

Thioaldehydes 

Thiocyanates 

tsoThiocyanates 

Thioketones 

Thiols 

Thiones 

Trlazenes 

Urea derivatives 


61 

56 

54 

55 
60 
59 
31 
47 
45 
52 
25 
47 
25 
47 

25 
47 

43f 

26 
30 
26 
40 
39 
27 
22 
27 

43e 

36 


Comparison of the Two Systems. — 
Three differences of some importance between 
the original Geneva system and the I.U.C. 
system may be pointed out : (1) In the Gfeneva 
S}^tem the carbon skeleton of an aliphatic com- 
pound is considered fundamental and fixes the 
numbering of any compounds derived from it; 
the position of side chains thus becomes more 
important than that of double bonds, hydroxyl 
groups, or carboxyl groups so far as naming and 
numbering are concerned. In the I.U.C. system 
the fundamental chain, is not necessarily the 
longest in the molectde but is selected so as to 
contain the maximum number of principal 
functional groups (rules 18, 51). For example, 
by both systems succinic acid is called butane- 
dioic acid, but ■whereas the I.U.C. name of 
ethylsuccinic acid is ethylbutanedioic acid, in the 
Geneva system the presence of the ethyl group 
lengthens the fundamental carbon chain and the 
name becomes “ pentanoic-3-methyIoic acid.” 

(2) The Geneva Congress was divided on the 
method of naming compounds of complex func- 
tion, referring the question to another meeting 
which was never held. As the Geneva rules 
stand they permit the presence of two or more 
functional suffixes in a name, and Geneva names 
of this type have been used. Since this is 
contrary to the usual practice of chemists I.U.C. 
rule 51 provides that only one kind of function 
be expressed by the ending of the name. An 
example: Geneva name, “ ethanolal ” ; I.U.C. 
name, hydroxyethanal (for glycolaldehyde). 

(3) The I.U.C. system does not attempt to pre- 
scribe one official name for each organic com- 
pound. In several cases it even outlines alter- 
native methods of naming, and it permits the 
retention of “ terminology universally adopted ” 
so far as such names are not considered incorrect. 

In addition to the above the I.U.C. system 
differs on a number of particulars and covers 
some topics not included in the older system. 
In treating of heterocychc compounds, for 
example, rule 16 recognises the so-called “ oxa- 
aza nomenclature,” according to which the 
replacement of ring carbon atoms {■with their 
accompanying hydrogen) by hetero atoms is 
denoted by such prefixes as oxa-, aza-, and Ihia-. 


Order of Precedence of Functions. — 
IVhile I.U.C. rule 51 states that, for compounds 
of complex function, only the principal function 
will bo expressed by the ending of the name, it 
fails to indicate which fimction shall be chosen 
as the principal one in any particular case. A 
basis for such choices would be desirable. Some 
indications may be dra^wn from usage. For 
example, if an acid group is present in a complex 
compound the latter is likely to be named as an 
acid; thus, 0 -HO-C 5 H 4 -CO 2 H is called 
salicylic acid or o-hydroxybenzoic acid and not 
o-carboxyphenol or some other name ending in 
-61. On the other hand a compoimd containing 
the ether function is not likel 3 ' to be named as 
an ether if any of various other functions are also 
present. An examination of the journal litera- 
ture (Patterson, Rec. trav. chim. 1929, 48, 
1012-1017) reveals a number of such relations, 
but indicates no clear order of precedence. The 
need for decisions in systematic compilation is 
evident (for one such order, see American 
Chemical Abstracts, 1945, 39, 5876). 

Naming of Compounds Containing Bi- 
valent Functions. — The naming of ethers, 
ketones, azo compounds and other compoimds 
in which a bivalent functional atom or group 
imites two other groups presents an annoying 
problem, especially if the groups thus joined 
are different, as in ethyl methyl ether and 
phenylazonaphthalene(naphthaleneazobenzene). 

I.U.C. rules 23 and 25 express the ether, sul- 
phide, disulphide, sulphoxide, and sulphone func- 
tions by prefixes, thus placing them low in the 
order of precedence.(Bince by rule 51 the principal 
function is expressed in the ending of the name). 
The Geneva and I.U.C. rules give satisfactory 
names for aliphatic ketones, but do not cover 
those of the cyclic series. I.U.C. rule 42 is rather 
noncommittal as to azo and azoxy compounds, 
but rule 44 treats hydrazo compounds as 
derivatives of hydrazine. Apparently, each 
bivalent function must be considered a separate 
problem. 

Naming of Parent Ring Systems. — 
The original Geneva system did not touch this 
problem and I.U.C. rules 11-16 make only a 
beginning on it. For discussions, see Bouveault, 
“ Chaines fermees (Nomenclature des) ” in 
Wurtz’s “ Dictionnaire de chimie pure et 
apphqu^e,” 1894, Supplement 2, pp. 1043-1053 ; 
Stelzner, Literatur-Register der organischen 
Chemie, 1926, 5, IX-XV ; Patterson, J. Amer. 
Chem. Soc. 1928, 50, 3074-3087; Patterson 
and Capell, “ The Ring Index,” New York, 
1940, pp. 20-27. The discovery of single rings 
of many members, complex syrtems containing 
many rings, spiro systems, and bridged sj'stems 
has created many new problems in recent years. 
“ The Ring Index ” gives the formulce, various 
names, and numberings for the ring systems 
described in the literature down to 1939. 

Numbering of Ring Systems. — The posi- 
tions of substituents in the benzene ring have 
been indicated by the well-known prefixes ortho-, 
meta-, and para- and the adjectives ■vicinal, 
symmetric, and asymmetric, or their abbrevia- 
tions. Additional prefixes have been used for 
naphthalene. The emploj^ment of Greek letters 
has also been common, as a and ^ for naphtha- 
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lene, a, jS. and y for p:^idino, and for the 
middle, meso or 2 position in oxazolo. These 
are however, special designations winch apply 
only to certain of the simpler rings. Arabic 
numerals apply to aU systems and tend to dis- 
place Greek letters even in the simpler cases. 

^ Many ring systems, as benzene, naphthalene, 
anthracene, pyridine, quinoline, have gonorally 
accented numberings, but many others have not. 
Se scheme of Baeyer (Bcr. 1900, 33, 3771-3775) 
for bridged ring systems has been widely used. 
For more recent proposals for coiuprchcnsivo 
standardisation of numberings, see Stelzncr, 
Kuh Literatur-Eegister der organisclicn Clicmie, 
192L 3. (1)-{100) and Patterson, J. Amcr. Chem. 
Soc.’l925, 47, 543-561. The Patterson nilcs 
have been endorsed in part by the International 
Union of Chemistry; they are 83'stemnticnlly 
applied in the American Chemical Abstracts 
indexes and in “ The Ring Index ” {sec the 
preceding section). 

Stereochemical Nomenclature.— The uso 
of the prefixes dcxlro-, Icvo- or Imvo-, tiieso-, and 
anti; also of the abbreviations rf-, rf/-, and f-, 
in distinguishing optical isomers is well known. 
To avoid the ambigiiitj’ that has resulted from 
Fischer’s uso of d- and I- to denote genetic 
relationship some chemists now use capital 
letters (small or large) in Fischer’s sense (as, 
D-fiructose or D(— )-fructose), retaining d- and l- 
to indicate direction of rotation onl}’; D- and 
d- are distinguished in pronunciation ns “ dee ” 
and “ dextro.’’ Rccontlj' such prefixes ns 
erythro; ihreo-, glitco-, vianno-, have been used 
to denote the presence of configurations like 
like those of the corresponding sugars. 

The uso of CIS-, irans- (originalh- cis-trans-), 
syn-, and anti- in connection wth geometric 
isomerism is also well known. Tlio prefix nllo- 
has been used in a general sense to mean just 
“ another ” isomer, but has also acquired special 
meanings in the case of othj'lenic compounds and 
of steroids. Similarly, cpi- has apocinl meanings 
in the carbohydrate and steroid fields. 

These conventions are all no doubt useful, but 
they illustrate the complexity of the situation. 
A more general method for indicating configura- 
tion in compounds possessing two or more cent res 
of asymmetry would seem desirable. 

Deuterium Compounds. — Isotopes have not 
affected organic nomenclaturo except for the ca.sc 
of hydrogen, in which individual names have 
been given. Since uso of tho prefix deuterio- 
(or deutero-) would produce longer names and 
tend to separate these names in inde.xes from 
the names of the corresponding compounds of 
ordinary hydrogen, tho Committee on Nomen- 
clature, Spelling, and Pronunciation of tho 
American Chemical Society adopted a system 
modified from that of Boughton (Science, 1934, 
1 -According to tho Committee 

15*0^0 Chem., Nows Ed, 1935, 

m, ZUO-201) the presence of deuterium (“H or D) 
m a compound is indicated by italic d and any 
necessary numerals.* Examples-. CH,D. mo- 
I chloroform-d; CHj-CDO, 

acetaldehyde^d; CD3.CDO, acot-da-aldohydc! 

DC acid-d; 2:4- 

deWrinn, ^®“^o*°*2:4-djacid. Inorganic 

eutenum compounds are named in tho same 


manner. Compounds of tritium (®H or T) may 
bo named similarly, with tho use of tinstcadofd.'^ 

In 1938 tho Commission on tho Reform of 
Organic Nomenclaturo of tho International 
Union of Chemistry adopted tho samo nomen- 
clature, but with employment of Gothic or 
black-letter 5 instead of italic d (Union Intor- 
nationalo do Chimio, Comptes rendus, 1938, 
pp. 30-37).* 

Compounds of Incompletely Known 
Structure. — Until a complete stnicturo has 
been worked out for a compound it is manifestly 
impossible to give it a systematic name Avhich 
will express its stnicturo completely. However, 
as tho stnicturo becomes partially known, or a.s 
tho relations of an imperfectly known compound 
to derivatives of it become clear, it is convenient 
to uso names which represent the existing state 
of knowledge. 

An obvious and common method is the in- 
corporation of sufiixcs in tho trivial jiamo to 
indicate tho presence of one or more functions 
(ns, tropiric, tropinouc) ; a second is the use of 
prefixes to denote tho introduction of atoms or 
groups (as, mcfhylconiine). Iso-, preuda-, and 
nco- arc useful in naming isomers. Homo- 
denotes a homologuc, u.sunlly a next higher ono. 

A number of prefixes have lu'cn introduc'cd 
for use in tho annly.«is of a complex structure 
into simpler ones. Anhydro- denotes removal 
of water, usually one molecule {dianhpdro-, 
removal of two molecules). Dchydro- means 
removal of hydrogen {didr/.tfdro; removal of 
two atoms, letradchydro-, removal of four atoms, 
etc.) Nor- usually means ri'placemont of methyl 
groups or side chains, though in the case of 
norlcucinc it means an i.soincr of normal struc- 
ture. 

Des- has been u.sed to denote tho opening of 
a nitrogenous ring following exhaustive metlnda- 
tion (WillstAtter, Annalcn, 1901, 317, 268). 
More commonlj’, however, dc.s.-j- or dc- is used to 
indicate removal of .something {des- seems to 
have been carried over into English from German 
and French without realisation that the common 
English form is de-). I'ollowing an' some of tho 
ways in which these jirelixes are u«ed. (1) Re- 
placemont of the naineil groiij) bj- hjdrogen : 
de.sacolyl-, dc-satnino-, decarboxy-, desetln'l-, 
desdiethyl-, desmelhoxj'-, de.smetln’l-, desdi- 
mothyl-, desphenyl-. (2) Roplacom'ont of hx-- 
dro.xyl by hydrogen : dcsoxy-. (3) Replaco- 
mentofO by Hj: desoxo-. 

Biooiiemto.^t. NOMENCr.ATl'lin. 

Certain groups of organio compound.s aro of 
.special interest to biochemists. Among these 
aro tho fata, carbohydrates, proteins, cnz^'me.s, 
vitamins, steroids, hormones, and animal and 
plant pigments. As tho structure of individual 
compounds belonging to theso groups becomes 
known they tako their place in tho organic- 
chomicnl schomo and their systematio names 
should bo formed on tho samo principles ns for 
other organic compounds. However, many of 
thorn aro complex, with structures cither un- 

* Tho symbols d, t, aiul 8 have not been adopted for 
use In J.O.S. 

t J.C.S. Insists on de-, not des-. 
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known or only rocontly clucidfitGcl, nnd tills fkct 
together with their biological significance has 
led to special names and classifications. For the 
accepted nomenclature of such groups tlie reader 
is referred to the folloiving Dictionary articles : 

Hoemoxes, Vol. VI, 266c. 

Vol. n, 161a. 

Glycosides, Vol. VI, S2h. 

IxDiQO, Vol. VI, 432d. 

Fish Oils, Vol. V, 226(/. 

Alkaloids: Articles by E. Schlittler and G. 
Barger. 

Vitamin's (g.v.). 

Plant Pigments (g.v.; see also articles by 

A. G. Perkin and E. J. Gross). 

Enzymes : Articles by E. F. Armstrong and 
G. T. Young. 

For the nomendature of carotenoids, see the 
Report of the Committee on Biochemical 
Nomenclature of the (U.S.) National Research 
Coimcil, Chem. Eng. News, 1946, 24, 1235. 

Decisions of the l.U.C. Commission. — 
In 1927 and 1928 the Commission on the 
Nomenclature of Biological Chemistry of the 
International Union of Chemistry adopted 
certain proposals of its chairman, Gabriel 
Bertrand, of which the following is a synopsis 
(full text in Union Internationale de Chimie, 
Comptes rendus, 1927, 1928). Terms in 

parentheses are the writers’ explanations. 

A. Glucides. 1. Oses (monosaccharides). 

2. Osides (glycosides), a. Holosides (hydrolys- 
able saccharides), b. Heterosides (yielding on 
hydrolysis non-sugars as well as sugars). 

B. Ltpides. 1. Ternary Upides. a. Glycerides 
(glycerol eaters), b. Cerides (esters of higher 
alcohols), c. Sterides (esters of sterols), 
d. Etholides (from hydroxy acids). 2. Com- 
plex Upides. a. Phospholipides. b. Phospho- 
aminolipides. (1) Glycerophosphoaminolipides. 
(2) Sphjmgophosphoaminolipides. C. Pkotides. 
1. Amino acids. 2. Proleides. a. Holoproteides 
(yielding on hydrolysis only amino acids and 
ammonia), b. Heteroproteides (yielding amino 
acids and nonprotidic substances). D. Ases 
(enzymes). 

The Bertrand classification was later declared 
to be tentative only and was not definitively 
adopted by the Union. Its terms have, how- 
ever, had some use, especially iu Ph-ench 
literature. 

In 1936 a Commission of the same title, under 
the chairmanship of Sir Arthur Harden, adopted 
provisionally the following report on enzymes 
(Union Internationale de Chimie, Comptes 
rendus, 1936, 43 ; this report also was not 
definitively adopted bj' the Union) : 

1. The word to whidi the ending -ase, adopted 
at the Warsaw Congress of 1927, is added should 
indicate preferably the nature of the substrate 
attacked (example, peptidase) ; or the mode of 
action of the enzyme (example, dehydrogenase) ; 
or a combination of the name of the substrate 
and the mode of action, whenever there is need 
to avoid ambiguity (example, succinylde- 
hj'drogenase). 

2. The question as to the advisability of using 
special terms to indicate the synthetic or analytic 
action of an enzyme is left o^n. 


3. The word enzyme designates the whole of 
the active complex, including the support and 
the activators. Coenzj'mes will be designated 
by the name of the enzj'me activated, preceded 
by the prefix co- (example, coglj’oxjdase). 

4. When it is desired to distinguish between 
the enzyme considered as a whole and the 
enz 5 -me deprived of its activators, the total 
complex will be called Iwloenzyme and the 
residue, after separation of its activators, will 
be called apoenzymc. 

5. Oxidation enzymes. The Commission con- 
siders it premature to establish a special 
nomenclatm-e for dehj^drogenases and oxidases. 

Physical Chemistey. 

The nomenclature of physical chemistry is in 
part the nomenclature of physics. This situa- 
tion makes standardisation somewhat more 
difficult to accomplish, as separate organisations 
serve the sciences of physics and chemistry. 
The literature of physical chemistryis replete with 
sj-mbols, “ effect ” terms, and similar phrases for 
phenomena, ns Raman effect, words to designate 
properties, specific terms used in special branches 
(as thermocihemistry, radiochemistry, electro- 
chemistry, colloidal chemistry, and spectro- 
scopy), names of laws, designations for ultimate 
particles, etc. Of course, the physical chemist 
and the physicist have to deal with the elements 
and chemical compounds and to that very large 
extent their nomenclature problem is the same 
as that of chemists in general. A helpful book 
for the more physical terms is Le Roy D. 
Weld. “ Glossary of Physics,” (McGraw-Hill. 
New York, 1937). Specific terms suggested 
through the years have been indexed in Chemical 
Abstracts, with references to them also under 
the index heading “ Nomenclature.” 

The physical chemist often has occasion to use 
symbols to represent quantities, relations, 
properties, and the like. Much work on 
standardisation has been done by the British 
Standards Institution (see Brit. Standards Inst. 
Publication No. 813 (1938), entitled “ British 
Standard Chemical Sj'mbols and Abbrevia- 
tions ”), bj' the American Standards Associa- 
tion, and by various less general groups. The 
most helpful recent published complication 
is the Report of a Joint Committee of The 
Chemical Societj', The Farada 3 ’ Society, and 
The Physical Society on Symbols for Thermo- 
dj-namical and Physico-Chemical Quantities and 
Conventions Relating to Their Use adopted as 
recommended practice in The Proceedings of the 
Physical Society, The Transactions of the Fara- 
day Society, The Journal of the Chemical 
Society, and British Chemical Abstracts 
(Chemistry and Industry, 1937, 56, S60-S65). 
See also the section on “ Symbols and Abbrevia- 
tions ” _(p. 597a). 

Spellings. — There are some differences in 
British and American spellings of chemical 
words, but these seldom cause difficulty. 
Examples are the speUings “ sulphur ” (British), 
“ sulfhr ” (American), and “ aluminium ” 
(British), “ aluminum ” (American). Spelling 
differences within these countries are also en- 
countered at times, as when one chemist accepts 
and applies rules affecting word endings and 
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anotlier prefers to use an earUer 'spelling. For 
Sample, “ glycerol ” lias not wholly supplanted 
“ slvcerine ” in use. 

Word Lists.— It is not always easy to apply 
rules and general principles in the determination 
of eood nomenclature usage. A comprchonsiro 
word list, specifically designed to show approved 
usage, would be helpful. None exists, but 
because of the necessity for careful standardisa- 
tion and close attention to usage in the compiJn- 
tion of the indexes to abstract journals and 
because of their extensiveness, the annual and 
collective indexes to British Chemical and 
Physiological Abstracts and to the American 
Chemical Abstracts are a helpful source of 
information as to good names for individual 
substances. The chemical words in Webster s 
New International Dictionary have been entered 
with duo regard for nomcnclaturo rulings. 
Chemists with present-day nomenclaturo in- 
terests and problems will find other lists and 
sources of help in references given in this 
discussion and below. 

ADDITIONAL REFERENCES 
General. 

Spalding, A new nomenclature of cbcmlstrj- propo-icd 
by Messrs, dc Mon-eau, Lavoisier, Benliolet, and 
Fourcroy, Ameriean Pharraaceutleal Association, 
Baltimore. . , 

E J. Crane, The standardisation of chemical nomen- 
clature, J. Chem. Education, 1031, 8, 1335-13t0 
(Includes a list of sources). 

Clarence Smith, Modern chemical nomenclature, 
J.C.S. 1930, 1007-1078. 

Inorganic. 

Deldpine cl al, La rdformc dc la nomenclature <lc 
chimle mindrale, Itapport prdscntd an nom do la 
FddfSratlon natlonalo dcs associations do chlinlo 
de France et dii Comltd national dc nomenclature 
de clilmie mindralc. Separate. .O pp. 

Meyer and Rosenheim, Die Vor,schiriRc tier dcutschrn 
Nomcnklaturkommlsslon fiir nnorgnnlsehen 
Chemie, Z. angew. Chem. 102.'), 38, 713-715. 

Meyer, Die Nomcnklatur dcr anorganlschcn Chcmlc, 
fWd. 1929,42, 1050-1002. 

Organic. 

Patterson and Curran, A system of organic nomen- 
clature, J. Amer. Chem. Soc, 1017, 39, 1023-103S. 
V. Grignard, ” Nomenclature,” Traltd dc chlrnle 
org.aniquc, 1035, Tome 1, pp. 1073-1 lOS. 

Biochemical. 

Bertrand, Projet dc rdfonne dc la nomenclature de 
chimie biologiquo. Bull. Soc. Chim. blol. 1023, 6, 
95-109. 

A. Jr. r. mid E. J. c. 

LITERATURE, CHEMICAL. 

Historians state that the first librnric.s wore 
found in ancient Egyptian temples. TJie 
records were liturgical in form but did include 
materia] from the hermetic nrts, nlchcmj’, 
astrology, and medicine. Two hundred years 
after the invention of printing the published 
alchemical htoraturo consisted largely of boohs 
replete with mystic symbols. The decrease in 
persecution of scientists during the seventeenth 
^ntury encouraged the rise of learned socictic.s. 
There then developed an insistent demand for 
permanent, comprehensible and generally avail- 
able records of their activities. Thus the general 
scientific journal was bom and began to lloiiriah 
between 1660 and 1730 (Transactions of the 


Royal Society, 1605). Specialisation soon 
developed. Tho prefix al was dropped from the 
older name and tho first chemical periodical was 
started (Croll’s Chomisches Journal, 1778). 
Later journals appeared devoted to pure and to 
applied chemistry. Further subdipsion began 
about 1800 with the publication of journals con- 
fined in scope to special phases of pure chemistry 
and to individual industries. Such develop- 
ments are still in progress. 

Original Sources. — To-daj' of tho more 
than four thou.sand journals * publishing articles 
on chemical subjects, the most important are 
sponsored by tlic national chemical societies; 
many aro issued bj' government bureaux and 
other institutions; a^ few arc purely business 
ventures. Among tho Inst may bo included 
“ trade ” organs, each frankly issued to promote 
tho sale of some commodity through tho publi- 
cation of pertinent information (c.y.. Bulletin 
of tho Tin Research Institute). 

Another form of basic literature is the patent. 
I.iOading govenimcnt.s of the world, recognising 
the re.sults of mental effort n.s intellectual 
property, have ostablislied legal rest riot ions to 
its use. Details vary witli tho country' but two 
forms are generally nflccted. Litorarj' and 
artistic products acquire protection by copy- 
right. Now and useful diseovcric.s or inventions 
are safeguarded by letters patent. Tiio appli- 
cation for a patent must contain a disclosure of 
tho idea claimed patentable. If allowed, the 
patent office publishes a brief niinoiincemcnt of 
the grant, and provides ways for tho acquisition 
of comjileto cojiic-s by intere.sted parties.^! 

A patent is granted ostensibly to reward the 
meritorious inventor but actually to protect the 
exploiter, fhmscquently the document is writt<'n 
in a manner to secure maximum jirotcetion for 
minimum disclosure. Furthermore it pre- 
supposes an intimate ncquniiitatice with tho 
prior art and legal jirnefiee in jihraseology, 
therefore is not easily romi'rehended by the 
untutored. In spite of these features patents 
form a vitally important division of tlu' ehemieal 
literature. 

Three other forms of original reports are 
book.s, masters’ and doctoral ilissertations, and 
bulletins of governmcntally and i)rivnlely suj)- 
portod laboratories. To-day a book is seldom 
used ns the medium for tho announcement of 
recent discoveries because journal nrtirles 
appear more promjitly and jirobably are more 
widely distributed. Wlulc comploto doctoral 
theses are filed with the proper university officials 
tho now and essential parts are usually con- 
densed into one or two papers and published 
with an explanatory footnote in some appro- 
priate pcrioilicni. IVlicn government bulletins 
are treated in tho same way or tho agency con- 
corned maintains its own medium, c.g., the 
Journal of Research of the National Bureau of 
Standards (U.S.A. I62S-f-), tho location of pub- 
lished findings is not diflicnlt. State olliccs 
froquontly issue bulictins, however, that contain 
yalunblo chemical data lost to all except those 
immediately related because tho bulletins are 
not mentioned in tho usual guides.® 

Many lists of journals and other primary 
sources have been published with divers objoo- 
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tires. JjQ addition to union lists of periodicals - 
the sjnchronistic table ^ is -reiy nse&l for disen- 
tansiing TiToag reference. It correlates vohime 
number rritb year of pnblication- Patent lists 
are of tWo sorts, oSdal statements of gorem- 
ment natent oSces ® 'srhicb announce new grants 
and nnoScial snrveys ® restricted in rarions 
wavs- The latter secondary sonrcsSjparticTilarlT 
GeCTan annnal snmmaries and technological j 
monoaraphs, may contain estensrve tables 
indexK, or bibliographies topicallT classiSed. 

Book lists raiy fiom catalogues limited geo- 
graphicalh-,' temporallj,- or by subject ® to the 
monumental “ Union Catalog ” in card form | 
at the Lihraiy of Congress (IVashington, D.C.), 
which, in addition to information about some 
12 million books, indicates where a copy of each 
can be found. Guides to doctoral dissertations 
diner likewise, while keys to government docu- 
ments depend on the oScial attitude in the 
country of issne.^ 

One serious impediment to the use of all aids 
just mentioned is that while specifring author, 
title, paginaSon, publisher, and date they pve 
veiy httTe information regarding content. The 
average scientifically minded person goes to the 
original literatare for data about an idea but 
usually has no notion of which other investigator 
gathered and recorded the facts or in what sur- 
roundiags he put them. Lists, therefore, at 
best merely help to divide sources into groups : 
unlikely, possible, and probable. Such aid is 
entirely inadequate for saving much rime. 

Secondary Sources. — ^Primary sources total 
well into the milh'oas. In recent normal years 
the annual volume of the two forms, chemical 
articles and patents, as noted by Chemical 
Abstracts,^^ h^ been approximately forty and 
twenty thousand, respectively. They are un- 
organised except for the type of report to be 
expected in a particular joumaL Conse- 
quently the first step necessary to make the 
information available in this volume of pnbli- 
cariou is a secondary source organised to help a 
searcher cull out and locate as direct^ as 
possible aH of the relevant original materiaL 
Indexes arranged alphatKrically accordins to 
title or author have proved to be of minor valne. 
Subject indexes are more useftiL Of even 
greater importance are the abstract journals. 
Two, the Chemfyches Zentxalfalatt (1836-4) and 
Chemical Abstracts (1907-4) are especially help- 
fnl from the standpoint of complete coverase 
of the chemical literature. Both have such 
coverage as a goaL They try to secure a copy 
of every chemical contribution and prepare an 
abstract, mentioning author, title, location, and 
nature in addition to an adequate summary of 
the contents in order that a reader can deter- 
mine, before consnlring the original paper, 
whether it may contain anything of interest to 
him. The abstracts are classified and arranged 
for publication according to field and form 
(article, book, patent, etc.) of the source materiaL 

The Zentralblatt appears every week, Chemical 
Abstracts twice a month. Both journals under- 
take not only the preparation of abstracts but 
also subject, author, formula, and patent number 
indexes, annual and cnmnlated. Inexperi- 
enced people often assume that random use of 


these search aids will disdosa any desired da+a 
in print. This assumption is seldom entirelv 
true. The likelihood of even partisl succe^ 
is far greater when the reader is -svjth tha 

principles of constmction of the index in hand, 
realises the diScuIties inherent in the identifi- 
cation of an author and the problems of 
qmonomy,* especially where foreign lannusxes 
involved. Furthermore so called “hidden 
information” is not diScnlt to locate if one 
realises the importance of correlation in anv 
literattire search. "When an abstract mentioi 
experimental results it is often deemed uaneces- 
sa^ to reveal by direct index entry that the 
ojagioal article describes the apparatus, con- 
ditions, procedures, and reagents. 

In 1S71 the Journal of the CneTriipal Sodetv 
(London) b^an to print abstracts chieSy in its 
own field of pure chemistry. Later (1SS2) the 
Journal of the Sodety of Chemical Industiy 
started, an “ Abstracts ” section. As time 
pased considerable overlapping developed so 
the two gronps dedded to unite their activiti^ 
in a Bureau of Chemical Abetracls. The first 
issue of Bri ti sh Chemical Abstracts appeared m 
1926, “ Part A, Pure Chemistry ” under separate 
cover ; “ Part B, Applied Chemistry ” still as a 
section of the indnstrial pnblication. More 
recently (1937) tbe journal name was changed 
to British Chemical and Physiological Alstracts. 
Section A is now in three parts ; 1 — GeneiaL 
Physical, and Inorganic Chemistry; II — 
Organic Chemistry; HI — Physiology, Bio- 
chmnistry, and Anatomy. Section B also has 
three units : I — Chemical Engineerins and 
Indnstrial Inorganic Chemistry, induding'iletal- 
lurgy; U — Industrial Organic Chemistry; 
m — ^Agriculture, Foods, Sanitation. Sectioii G 
covers Analysis and Apparatus. Appropriate 
indexes are supplied. 

Other artide journals have published abstracts 
at some period. Examples are : 

Ann. Chim. Phys. . . . 17S9-1870 

Dinglers Polytech. J. . , IS20-1931 

Annalen 1832-1860 

Bun. Soc. chim. . . . 1863-4 

i Z. anse— . Chem. . . . I8S7-191S 

J. ArSer. Chem. Soc. . . 1897-1906 

Chim. et Ind. .... 1919-4 

I 

t Bany still do indude them. This is particulariy 
true of the more spedahsed publications such 
as the Journal of the Iron and Sted Institute 
(1871-4) and Journal of the Sodety of Dyers 
and Colourists (1SS4-4). In related fields 
Sdence Abstracts, A, covers physics (19034-), 
and Physiological Abstracts (19i6-1937) deals 
with biochemistry. 

Early in the development of modem chemistry 
sdentists realised the difficulty of keeping them- 
sdves abreast of the advances in ah branches. 
Conseqnentfr annual survey series were started. 
One of the most important was liehig and 
Kopp's “ Jahreshericht . . .” (1S47-I910). 

Many of these series ceased publication long aCT 
but gcKJd ones are still being issued. Among 
the better known are the .Annua] Beports of the 
Chemical Sodety (London, 1904-4) and the 

* £■.?., in this Dictionary material on the ireaScrm; 
of paint- win be found under the heading .dgring. 
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Applied Chemistry Reports of tho Society of 
Chemical Industry (1916+). They are cntical 
and, of necessity, brief, but give adequate 
references to the original work. The reviewers 
are active e.xperts in their respective fields. 

Some review books are available covering par- 
ticular subjects. An e.vnmplo is S. Glasstono’s 
“Recent Advances in Physical Chemistry, 
Churchill, 1936. Tho journal. Chemical Reviews 
n924-}-) contains articles devoted to special 
topics. The reference lists are usually important 
and carefully selected. Jinny periodicals feature 
review articles, especially at the turn of tho j’onr. 

Similar to reviews in purpose, although more 
detailed in treatment, are the monograph Bories, 
some of which cover tho entire field of science, 
as the Actualitds scientifiqucs ct industriollcs. 
Others are confined to one branch, c.g., American 
Chemical Society Monograph Series ; while still 
others are restricted to a single subdivision ns 
Die Chemfsclie Analyse, and tho Monogmphs on 
Biochemistry. Individual titles are not easily 
located in hbrnries cataloging unnnnl3'ecd series 
unless it is remembered to first look for tho series 
title. 

Reference Books. — ^Tho next step in the 
process of condensing chemical information 
yields enc3’clopa;dias and dictionaries. These 
names are used somewhat interchangeably and 
may not accurately describe tho boolcs to wliicli 
they arc applied. This Dictionnr3’ is cn- 
■ cyclopccdic in many parts. F. UUmnnn’s “ En- 
zyklopadio der technischon Chemio,” 10 vol. 
and Inde.v,* Berlin, 1928-32, is similar but 
places more emphasis on tho patent litemturo, 
while H. von Fohling's “ Ncucs Handwortor- 
buch . . .,” 10 vol., Vioweg, 1871-1930, is out- 
standing for its bibliograplu'es. 

In addition to tho comprehensive works there 
are many books more restricted in field : 
“ Hackh’s Chemical Dictionaiy’,” 3rd cd., 
Blakiston, 194*1, b3' J. Grant, is useful for general 
quick reference, W. Gardner's “ Chemical 
Synonyms and Trade names," Van Nostrand, 
1937; A. Maerz and R. W. Paul’s “ Dictionaiyof 
Color,” McGraw-Hill, 1930 ; “ Merck’s Index " 
of pharmaceuticals, Jlcrck and Co., Rnhwa3', 
N.J., 1940; and A. E, Dunstan cl ah, " Tlio 
Science of Petroleum,’’ 4 vols., Oxford, 1938, 
give some idea of the range of special topics. 

Bdingual and pol3'glot dictionaries include 
A. M. Patterson’s “ German-English Dictionary 
for Chemists," 2nd ed., Wilov, 1936, and it's 
French-Enghsh counterpart, 1921 ; A. IV. 
Mayer’s “ Chcmisches Fachworterbuch, Doutsch, 
Enghsch, Franzosisch . . 3 vols,, Spamor, 

E29+ ; Ten Bosch’, “ Viortallig Tochnisch 
J;°f^enboek,” lOuwer, Doventes, 4 vols. 

** Pitman’s Tccluiical DicUonarj’’ 
ot iiingineering and Industrial Sciences . . 

vols., I^ndon, 1928-32, in sovon Inngunncs : 

nghsh, French, Spanish, Portuguese, Italian, 
Russian, and Gorman. Helpful ns they are in 
tne majority of cases those aids often fall to 
shades of meaning and idioms 
essential for an accurate translation. Tho larger 

title '‘Ppeared in 1034 under the 

""" 

r i-ias an index announced more recently. 


otio-langunge dictionaries. (O.xford, Webster’s 
. . .) must then bo consulted. 

The small one- and two-volume handbooks and 
recipe books are popular among industrial 
chemists, owing in part to tho wide variety of 
data included in each 43^10. Some of these 
books nro revised annually^ others at irregular 
intervals. Practically all have outgrown tho 
original pocket size. A few examples are : 

F. W. Atack and E. Hope, “ Chemist’s Year 
Book," London, 1944. 

G. D. Hodgman and II. N. Holmes, “ Hand- 
book of Chemistry' and Physics,” 29lh cd., 
Chemical Rubber Publishing Co., Cleveland, 
1916. (New editions published at frequent 
intervals.) 

II. Bennett, “ Cliomical Formulary,” 1934-}-, 
Vol. 0,1913. 

R. Bicdcrmann, “ Chomikor - Knlondor," 
Springer, 18804-, 

G. S. Brady, " Materials Handbook,” 5th cd., 
JIcGraw-IIill, 1944. 

R. T. Kent, “ Mechanical Engineers’ Hand- 
book,” 11th cd., 2 voLs., Wiley', 1936-38. 

N. A. Lange, “ Handbook of Ciieinistry,” 
6th ed., Sandusky, Ohio, 1914. 

J. 11. Perry, “ Chemical Engineers’ Hand- 
book,” rev. 2nd ed., McGraw-Hill, 1914. 

S. W. Woolley and 0. P. Forrester, " Recipes 
for the Colour, Paint, Vaniish, Oil, Soap, 
and Diysaltcry Trades,” 10th cd., 1934. 

E. Midgloy, “ Technical Terms in tho Textile 
Trade,” 2 vols., Emmott and Co., 1931. 

Related in purpose to the preceding group i.s a 
long list of books arranged in dictionary form 
which doscrilie commercial chemicals, mnnu- 
facturiiig equipment, sources of materials, 
.specifications, etc. Tho following titles indicate 
tho range : 

" British Chemicals and Their Manufacturers.” 
An oflicial directory covering chemicals, 
their trade names, u.scs, and makers. Sec 
" Thomas’ Register ” for American first 
hands. 

" Cliomical Engineoriiig Catalog.” Published 
annually. American cquijimcnt, uses, etc. 
Also contains a frequently revised biblio- 
graphy of 2,600-3,000 entries. 

T. C. Gregory', “Uses and Applications of 
Chemicals and Related Jlatorinls,” Rein- 
hold, 1039. 

National Research Council (U.S.A.), " In- 
dustrial Research Laboratories in tho United 
States . . .”, 7th ed,, Washington, 1940. 

D. M. Nowitt, “ Chemical Industries,” 14th cd., 
London, 1910. Describes materials of con- 
struction, plant equipment and assembly', 
raw materials, and heavy' chemicals. Cf. 
Chemical and Jlctallurgical Engineering. 
h’Dr Bov'oral years this journal has been 
publi.shing flow sheets of tho process in- 
dustries. 

_ Dictionaries of biography' deserve considera- 
tion before leaving tho alphabetised form of 
source book. In addition to dates of birth and 
death, education and honours some of these rolls 
include livelihood and a more or loss complete 
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list of the -mitings of each subject. The last is 
an imporlant feature of J. C. PoggendorfF’s 
“ Biographisoh - literarisches Handworterbuch 
Verlag Chemie, issued in six series do^vn 
to 1931. It mentions almost all people eminent 
in scientific fields. If an interesting publication 
is discovered reference to Poggendorff should 
disclose every book and article by the same note- 
■worthy scientist down to the date of the listing. 

The Who’s Who form of register is usually 
compiled on a geographical or occupational basis 
and is confined to living people. Examples are : 
“ Who’s Who ” (chiefly British), “ Who’s Who in 
America,” “ American Men of Science,” “Who’s 
Who in Engineering,” “ Chemical Who’s Who.” 
Other more extensive sources give attention 
only to those who have finished their life work. 
The “ Dictionary of National Biography,” over 
sixty volumes with an epitome published in 1930, 
includes British celebrities while the “ Dictionary 
of American Biography,” twenty volumes plus 
an annual supplement, lists about 14,000 
Americans. There are similar compilations for 
people of other countries. 

Bibliographies. — ^An important factor in 
the success of any research work is a good founda- 
tion, a background of what already has been 
accomphshed and the methods employed. They 
indicate the data to be checked under local con- 
ditions, the experimental direction, and, above 
all, the exact position and end of the path that 
is to be extended. Before breaking new ground, 
therefore, the experienced investigator first 
orients himself by reading encyclopaedia articles, 
textbooks, and other broad surveys. He then 
seeks, and often finds, a bibliography already 
compiled that may be quickly brought down to 
date. This eliminates time wastage through 
needless repetition of library work already well 
done. 

One of the best guides to published biblio- 
graphies is C. J. West and D. Berolzheimer’s 
“ Bibliography of Bibliographies on Chemistry 
and Chemical Technology,” National Research 
Council (U.S.A.). The main volume covers the 
period 1900-24. Two supplements brings it 
down to 1932. For the years preceding 1900 
H. C. Bolton’s “ Select Bibliography of Chem- 
istry,” Washington, may be useful. Attention 
has already been directed to Fehling’s “ Neue 
Handworterbuch . . .” in which every major 
entry is well documented. The lists are not 
critical but fairly complete for the period 
covered. In many of the larger handbooks con- 
cerned ^vith subdivisions of chemistry {vide 
infra) extensive reference lists form a part of 
every section. Some recently published mono- 
graphs on applied chemistry have citations 
numbering into the thousands. The Science 
Museum, South Kensington, London, has pre- 
pared many short bibliographies in mimeo- 
graphed form. Some chemical manufacturing 
companies, as a part of their advertising pro- 
gramme, have issued long lists of references to 
articles discussing recently commercialised pro- 
ducts. Lastly the catalogue cards of many 
libraries carry notations regarding the biblio- 
graphical features of their technieal books. 

Inorganic Chemistry. — There are at least 
five important extensive surveys of inorganic 


chemistry. All are alike in main topic but 
differ in age, completeness, arrangement, and 
content. Each one is the best in some respects, 
less satisfactory in others. The titles are : 

J. W. MeUor, “ Comprehensive Treatise on 
Inorganic and Theoretical Chemistrj’-,” 
16 vols., Longmans, 1922-37. 

J. N. Friend (ed.), “ Textbook of Inorganic 
Chemistry,” 11 vols. (in 21), GrifBn, 1914-[-. 

P. Pascal (ed.), “ Traite de ohimie minerale,” 
12 vols., Masson et Cie., 1931-34. 

Abegg, Auerbach, and Koppel, “ Handbuch 
der anorganischen Chemie,” 4 vols. (in 
13, Hirzel, 1905-k. 

“ Gmehns Handbuch der anorganischen 
Chemie,” 8th ed., edited by R. J. Meyer, 
' 4 vols., completed, parts of 13 others issued, 

Verlag Chemie, 1924-p. 

The sequence of subjects in all of these books 
adheres in one way or another to that of the 
elements in the periodie table. The element and 
its properties are usuall 3 ' discussed first. There 
then follows a description of its compounds with 
all elements previously eonsidered. Abegg’s 
Handbuch is the oldest, least complete but most 
critical. Each division was compiled by a well- 
known authority on his subject. The numerous 
reference lists, often chronologically arranged, 
are still very useful. Friend’s Textbook is in 
reality a series of self-sufficient monographs. 
Each can be revised as advances in the field 
warrant and new titles can be introduced with- 
out revision of the set. Some volumes are 
already in the third edition. MeUor’s Treatise 
is the only book of the group written by one 
person. This gives it a continuity and unitary 
point of view not possessed by any of the others. 
The reference lists at the end of each chapter 
are keyed topically to the text. This feature 
occasionally causes trouble in the location of a 
specific citation. This difficulty has been 
practically eliminated in Pascal’s Treatise com- 
piled dming a remarkably short period of time 
without suffering in quafity. Some of the dis- 
cussions in his book are the best in any language. 
If and when completed Gmelins handbook will 
be the most extensive and the finest reference 
work of the group. It includes not only in- 
organic chemistry but also analytical properties 
and, for some of the commerciaUj' important 
elements, an extensive survey of the patent 
literature. The systematic arrangement makes 
an index unnecessary. 

There is no adequate key to the literature of 
inorganic chemistiy, M. K. Hoffmann’s “ Lexi- 
kon der anorganischen Verbindungen,” Barth, is 
a formula index good down to 1910 but there is 
a gap from that date to 1920, when Chemical 
Abstracts started to publish an annual formula 
index. 

On the subject of inorganic laboratory work 
the most recent comprehensive survey is A. 
Stahler’s “ Handbuch der Arbeitsmethoden in 
der anorganischen Chemie,” De Gruyter, Leip- 
zig, a four-volume set published in 1913-26. 
It includes plans for the construction of a 
laboratory, discusses equipment, and considers 
many inorganic processes. In additition to this 
book there are a few one-volume manuals deal- 
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inG with inorganic preparations, but the litera- 
ture is not as weU assembled as it could bo. 
Perhaps the recently started senes, Inorganic 
Syntheses,” will improve the situation. 

Organic Chemistry.— The literature of 
organic chemistry and the keys to that literature 
are probably better organised than those of any 
other subject. Tliis is duo chiefly to two monu- 
mental compilations, “ Beilstcins Ilandbucli dor 
organischen Chemio ” (Springer) nnd hi. M. 
Richter’s “ Loxikon dcr Eohlenstoirvcrbin- 
dungen ” (Voss, Leipzig), phis its supplcnienfs. 
The 4th ed. of Beilstcin, Jlain Senes, Vo1b._ I- 
XXWI, is a summary of the non-theorcticnl 
literature on aU acycUc, isocjrelio, and hetero- 
cyclic compounds described before 1910. The 
Rrst Supplement deals with the period 1910- 
19 while the Second Supplement* covers the 
next decade. Two index volumes for theMain 
Series and First Supplement are available, 
Tol. XXVni is a subject key and Vol. XXI X is iv 
formula guide. In addition two small portions 
of the material on naturally occurring com- 
pounds and substances of partly known com- 
position have been released in Vols. XXX and 
XXXI. Bcilstein is arranged on the basis of 
structural formula;, from the simplest to the 
most complex, from satunited to the most un- 
saturated, and contains a description of every 
known compound, its synthesis and jiroperties 
as well as references to the original litemture. 
This compendium of over 200,000 substances is 
unquestionably the most important in organic 
chemistry. 

Richter’s Lexikon is a “systematic eompila- 
tion of the carbon compounds arranged accord- 
ing to their empirical formul.T;.” ''iVhile some 
data regarding properties arc given the chief 
value of this inde.x is in its service n.s a guide to 
the original literature. The third edition of four 
volumes includes all compounds described Imfoiv 
1910. Stelzner’s supplement in five volumes 
covers the period 1910-21. I,ator ndditioim 
comprise the formula indexes of (he Chemisrhes 
Zentralblatt. 

In 1935 the first volume of Victor Grignnrd’s 
“ Trait4 de chimie organiquo ” (Masson et Cie.) 
appeared. Tliis treatise was planned to sum- 
marise in 15 volumes the various phases of 
organic chemistry under such topics ns nnnlysi.s, 
optical properties, saturated hydrocarbons, nnd 
organometallic compounds. About 12 volumc.s 
have appeared. A similar treatise in English 
hut limited in scope is H. Gilman’s “ Organic 
Ohemistry,” 2nd cd., 2 vols., Wilov, 1943. The 
hnghsh version of V. von Richter nnd R. 
Anschutz “Chemistry of tho Carbon Com- 
pounds, 3 vols. in 4,t Blakiston, 1934 -I-, has 
long been a favoured rcfcronco text. 

• three important books dcnl- 

n u organic chomistrj'. Iloubcn- 

^ ^ A fler organischen Chomie,” 

rd ed., 4 vols., Thiomo, Leipzig, 1925-41, 

JSbn f 1 f operations (Imlogonation. 
Sw’ . . .) and man? specific 

apphcations of each. H. J. L. Moyer’s “ Lohr- 

JSifr °cf^“™®'>^'-ohemiBchon Methodik,” 3 
vole, m 6, Springer, 1933-41, was started ns a 

on on liotcrooycllc compounds is lacking. 


single volume on analysis nnd constitution, tho 
fifth edition of which appeared in 1 938. Volume 
II, 1933, describes the qualitative nnd qunntitn- 
tivo analysis of organic compounds while 
Volume III, 4 parts, 1938—11, deals with tho 
synthesis of all more important compounds. In 
1921 American organic cliomists issued the first 
volume of “ Organic Syntheses ” (Wiley), now 
well established ns an annual publication of 
tested methods. These are cumulated eveiy ten 
3 -enrs to form a carefullj' indexed book of 
approximnteh’ two hundred procedures. A more 
recent venture is “ Organic Reactions,” Vol. 1. 
Wiley’, 1912-i-, cfliled by Roger Adams. 

Organic chemistry is concenied largely with 
the sjiatinl arraugement of carbon atoms and 
various substituents. As the structures liecomc 
more comiilcx a name ba'-ed on the configura- 
tion of a particular sub-.’tnncc can vary with the 
point of view. In ortlcr to avoid confusion 
dsTinitive aids have \>een “ The 

Ring Index ” by A. M. Patterson nnd L. C’npell, 
Reinhold, 1910, contains over 4.000 parent ring 
systems with prefetred names. numlR'rings, and 
references. Each struct nre is assigned a miml>er. 
If this key is generally adojited no uncertainly 
can arise in any particular <li«cussion regarding 
thcsjK'cific compound under consideration. Tho 
same numlHTing idea is med to identify liye.s in 
1\ M. Rowe’s “ Colour Index.” Society of Dyers 
nnd Colourists, 1921-2.8, niul G, .‘'chuitz’.s 
“ Enrbstoll Tabellen," Till cd., Ix-iprig, I929.|-. 
both of wliielt systematically list the names, 
constitution, jinqinration, n’actious, and litora- 
tun* of commercially im|>ortnnt dyes. 

Biochemistry, — TJie branch of organic 
chemistry Known as bi<>- or biologir.a! chemistry 
has ninnj’ subdivisions. ,S‘ome of them an* 
revealed by the following brief list of icfcrencc 
Itooka, the two first mentioned len'ng basic for 
the field. 

E. .Abdcrhaldcn, “ Riochemisches Hand. 
lexikon," .Main vols. 1-7, Rpringer, 1911-12; 
Supplemental vols. 8-14, 1914-33. Aims to 
discus.s iihysicnl, chemical, nnd biochemical 
projK-rlics of nil naturally occurring com- 
poumls, 

C. Oppenheimer (cd.), " llnndbueh dcr Rio. 
chemie tics .’iicnschcn nnd dcr Tierc," 2nd 
cd., 9 vol.s., ,Icnn, 1923-27 ; Ist .Supplement. 
I vol., 1930; 2nd Suiiplenicnt. 3 vols. in 4. 
1933-30. 'I'lic bibliograjihies are especially 
important. 

R. E. Buchanan nnd E. I. Fulmer. “ Physi- 
ology’ nnd Biochemistry of Bacteria,” 3 
vols., William.s and Wilkins, 1928-30. fire 
referem’O li.sts. 

H. Euler, “ Chemio der Enzyme.” 3 vols. in ti, 
Munich, 1925-1.. Widely used. 

C, Oppenheimer, “Dio Fermentc , . .”, 5th 
ed., 4 vol.s. in 5, Ix'ipzig. 1925-29; Ist. 
Supplement, 2 vols., 1935-39; 2nd Supple- 
mont, 1939, “ Bibliographic 1924-38.” Tho 
most oxhaustivo study on ferments in print. 

A. W. Bdmer cl al., “ Hnndbueh der Lebens- 
mittolchomio,” 9 volts., Springer, 1933-1- . 
An oxhaustivo treatise; on tUo cUemistw of 
foodstufTs. 
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A. L. Winton and K. B. Winton, “ Structure 
and Composition of Eoods,” 4 vols., Wiley, 
1932-39. 

A. Heffter and W. Heubner (ed.), “ Handbucb 
der experimentellen Pharmakologie,” 3 vols. 
in 7, Springer, 1920-36, 9 supplemental vols., 
1936+ . A detailed survey. 

E. Abderhalden (ed.), “ Handbucb der bio- 
logisoben Arbeitsmetboden . . .”, 72 vols. 
in 107 plus a Scblusswort (Berlin and 
Vienna). Exhaustive discussion of bio- 
logical, biocbemical, and clinical diagnostic 
methods all well documented. 

Analytical Chemistry. — ^In earUer days 
whenever a problem of identification- or constitu- 
tion arose in the field of analytical chemistry 
only major constituents were desired. To-day 
everyone reahses the importance of trace ele- 
ments. The presence or absence of a few parts 
per million of some substance may profoundly 
affect reaction rates, equilibria, apparent 
properties. Naturally the literature reveals this 
trend as well as the scope of analytical pro- 
cedures and problems. Unfortxmately there is 
no Beilstein of analytical chemistry. The 
nearest approach is a book now used infre- 
quently, viz., A. Rudisiile’s “ Nachweis, Bestim- 
mung und Trennung der chemischen Elemente,” 
Drechsel, Berne. Started in 1913 this com- 
prehensive survey was planned to occupy nine 
volumes but the project was too great for one 
author. Six volumes in seven were finished 
during the first decade; Vol. VII, Sulphur, 
appeared in 1929. Supplement I, Arsenic — 
Beryllium, was issued in 1938. Sections on 
carbon, nitrogen, phosphorus, the halogens, 
oxygen, hydrogen, noble gases, and commercial 
products are stiU lacking. A less exhaustive 
summary is the W. W. Scott and N. H. Furman, 
“ Standard Methods of Chemical Analysis,” 
6th ed., 2 vols.. Van Nostrand, 1938, written by 
some fifty collaborators. Volume I considers 
procedures for the indi-vidual elements while 
Volume II deals with the analysis of commercial 
products and special subjects such as potentio- 
metry, microscopy, and spectroscopy. Some 
of the more speciahsed books on analytical 
methods are : 

A. H. Allen, “ Commercial Organic Analysis,” 
6th ed., 10 vols., Blakiston, 1923-33. 
“ Properties, modes of analysis and proxi- 
mate analytical examination of the various 
organic chemicals and products. . . .” 

E. Berl and G. Lunge, “ Chemisch-technische 
Untersuchungsmethoden,” 8th ed. Main 
Series 6 vols. in 6, Springer, 1931-34; 
Supplements, 3 vols., 1939. A compre- 
hensive summary of commercial methods 
for testing raw materials, process control, 
and assay of finished products. An English 
translation of an earlier edition was begun 
by C. A. Keane and P, C. L. Thorne in 
the late 1920’s. 

H. A. Gardner, “ Physical and Chemical 
Examination of Paints, Varnishes, Lacquers, 
and Colors,” 9th ed., Washington, 1939. 

American Society for Testing Materials, Phila- 
delphia, “ 1942 Book of ASTM Standards ” 
(A Triennial Publication) I. Metals, 11. Non- 


metaUio Materials, Construction, HI. Non- 
metaUic Materials, General. There is a 1943 
Supplement to each volume. 

Association of Official Agricultural Chemists, 
“ Methods of Analysis,” 6th ed., Washing’ 
ton, 1940. Revised every five years. The 
methods in this book “ are accepted as 
authoritative in matters at issue before the 
(American) courts.” They cover agricul- 
tural materials and foodstuffs. 

In addition to the preceding, many books are 
available on specific methods such as electro- 
metric, luminescence, micro, polarographic, 
spectroscopicandX-ray techniques. W.Bottger’s 
“ PhysikaUsche Methoden der analytischen 
Chemie,” 3 vols., Leipzig, 1933-39, summaries 
the more important ones and gives extensive 
reference lists. Procedures for specific materials, 
e.g., brass, fats and oils, ferrous alloys, fuels, ores, 
sugar, water, have been published by individuals 
and associations. Pharmacopoaias of the dif- 
ferent nations contain sections deahng -with the 
assay of drugs and medicinals. 

Physical Chemistry. — Physical chemistry 
is the latest main portion to be developed. This 
would lead one to expect a carefully and sys- 
tematically compiled literature prompted and 
guided by experience in the other di-sdsions. 
Perhaps it is yet too young for that. Actually 
the only comprehensive survey is K. Jellinek’s 
“ Lehrbuch der physikalischen Chemie,” 6 vols., 
Stuttgart, 1928-33 (Part 14 of Vol. 6 was issued 
in 1935). A smaller book, H. S. Taylor (ed.), 
“ Treatise on Physical Chemistry,” 2nd ed., 
2 vols., Van Nostrand, 1931, is now being revised 
with the collaboration of S. Glasstone. W. Ost- 
wald’s “ Handbuoh der aUgemeinen Chemie,” 
9 vols. in 10, Leipzig, 1919-37, is really a series 
of monographs which the co-editors, P. Walden 
and C. Drucker, have striven to vitalise. The 
general tendency in physical chemistry has been 
to emphasise the subdi-visions in smaller treatises 
of a few volumes. Some examples follow : 

J. Alexander (ed.), “ Colloid Chemistry — 
Theoretieal and Applied,” 5 vols.. New 
York, 1926-44. 

H. J. Creighton and W. A. Koehler, “ Electro- 
chemistry,” Vol. I, 4th ed., Vol. II, 2nd ed., 
Wiley, 1943-44. 

K. J. Freudenberg (ed.), “ Stereoohemie,” 3 
vols., Leipzig, 1933. 

H. Freundlich (ed.), “ Colloid Investigation 
Monographs,” Vol. II, Leipzig, 1934. 
Founded by R. Zsigmondy. 

H. B. Weiser, “ Inorganic Colloid Chemistry,” 
3 vols., Wiley, 1933-38. 

An important laboratory guide is J. BeiUy and 
W. N. Rae’s “ Physico-chemical Methods,” 3rd 
ed., 2 vols., Methuen, 1940. A similar book is 
the Ostwald-Luther, “ Hand- und Hfifs-buch 
zur Ausfuhrung physikochemischer Messungen,” 
5th ed., Leipzig, 1931, edited by G. Drucker. 

Physical constants have been assembled and 
pubhshed as general surveys and for individual 
properties. There are two outstanding examples 
of the first group. One has two supplements 
under different names. 

H. Landolt and R. Bomstein, “ Physikalisch- 
ohemische TabeUen,” 5th ed., with three 
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supplements, 8 vols.. Springer, 1923-3G. 
The Third Supplement contains a cumulated 
key to the entire set. 

E-W. Washbiun (ed.), “ International Critical 
Tables of Numerical Data, Physics, Chcm- 
istiT and Technology,” 7 vols. and Index, 
McGraw-Hill, 1926-33. Undoubtedly the 
most complete and comprehensive rdsumd 
of numerical data in print. 

C. Marie (ed.), “Tables annueles dc con- 
stantes et donneds numcriques ” (Paris). 
Started in 1910 the 14 volumes have ap- 
peared at irregular inter\-als and covered 
varying periods. The first five issues (1910- 
22) formed the basis for “ International 
Critical Tables” and later ones servo as 
supplements. Two cumulated indexes cover 
Vols. I-V and lU-X. 

N. Thon (ed.), “Annual Tables of Ph 3 -sicnl 
Constants and Numerical Data,” Princeton, 
N.J., l!Ml-f ; a continuation, in Jooselc.af 
form, of the “ Tables annuelles.” 

Surveys of indiridual properties have been 
confined to those frequcntl}* needed in the 
laboratory for purposes of identification or 
other operations. The four titles following are 
illustrative. 


G. EglofiT, “ Physical Constants of ITj-dro- 
carbons,” Reinhold, 1939-}-. Carcfull}' se- 
lected values arc given for the melting-point, 
boiling-point, specific gr.avit}* and refractive 
index of pure hj’drocarbons. 

I. M. Heilbron and II. M. Runbui^*, “ Dic- 
tionary of Organic Comiiounds,” Revised 
edition, 3 Vols., London, 1913-b. 

G. H. H. Kayser, “ Tabollo dcr Schwingungs- 
zahlen . . . Wellcnlungcn rwischen 2,000 
and 10,000 a.,” Ilirzcl, Ix^ipr.ig, 1925. A 
revision with corrections incorporated b^’ 
W. P. ileggers has been published bj" J. M'. 
Edwards, Ann Arbor, ^Michigan, U.S.A., 
1944, 

R. Kempf and P, Kutter, “ Schmelr.punkt- 
Tabellen zur organischon Molckular - 
Analyse,” Vieweg, 1928. 

A. Seidell, “ Solubilities of Inorganic and 
Orgam'c Compounds,” 3rd ed., 2 vols.. 
Van Nostrand, 1940-41. 


Industrial Chemistry. — Industrial chc 
istry has many aspects. Factors in the cconoii 
success and survival of anj' manufacturing c< 
cem are plant location, construction, opcratii 
and maintenance; selection, evaluation, a 
processing of raw materials ; quality control a 
marketing of the final product; personi 
poblems and legal entanglements. Books cc 
ta^g the records of past activities can be vc 
nelp ul not only with present problems but a' 
m planmng for the future. All phases cann 
me uded hero but some of the more iniporta 
discussions of chemical features are indicated. 

E. Berl (ed ), “ Chemischo Ingcniour-Tcchnili 
3 vols., Spnnger, 1936. Calculations, plai 
and unit processes. 

SSo aV 13, Ixiipzi 

chemiV-)! 1^^6book of phj'sical process! 
ckemical operations and their control. 


I A. J. Hale, “ Jlodern Chemistry Pure and 
Applied,” G vols., London, 1921-}-. 

A. Rogers, “ Industrial Cheraistrj’,” 6th ed.. 
Van Nostrand, 1942, edited by C. C, Furnas. 
M. D. Ciirwen, “ Choinistrj' in Commerce,” 
4 vols., London, 1937 (?). 

V. Engelhardt (ed.), “ Handbucli der Tech- 
nischen Elektrocbomic,” 3 vols. in C, I.A>ip- 
r.ig, 1931. 

G. llelTtcr, “ Chomio und Technologic der 
Fettc und Fettprodukte,” 2nd ed., 6 vols. 
(3 and 6 lacking). Springer, 193C-}-. Edited 
1)\' II. Sclionfcld. 

G. Lunge and A. C. Cummings, “ i\Ianufacturo 
of Acids and Alkalis,” 0 vols., 1923-2.5. 

0. Bauer, 0. Kriihnko, and G. Masing, “ Dio 
Korrosion nietallischer Werkstofib,” 3 vols., 
llirzel, 1930—41. Includes protection from 
corrosion. 

A. Brauer and J. D’Ans, “ Fort.schritto in der 
anorganisch-chemischcn Industrie,” 1921-}-. 
Vol. I, 1877-1900; Vols, II-IV, 1911-32; 
Vol. 1933-37. 

1*. Fricdlnnder, “ Fortechritte tier Tcerfarlicn- 
fabrikalioti und vcrw.andfcr Indii.stricz- 
weige,” .Sjm'ngcr, 1877-}-. Complete text of 
patents in the field of coal tar chemi.str_v. 
II. E. I'ierv.-David has edited Vol. 14 rl tcq. 
J. llouben, “ Fortsehritto der Hcilsloff- 
chomio,” Berlin, 1926-}-. Part I deals with 
patents, 1877-}-. 

REFERENCES. 

Omrrai. — I*. J. Crane and A. .'I. Pattorron, *' A 
Guido to tile I.lternlurc of C!ienif'tr>*," Wllcy, New 
York, 1P27 ; .'I. O. ,^tol!on, ’’ Chcmlr.tl Publications,” 
McGraw-nill, .New York, 2ntl eil., IPIO; It. Klmbnch, 
•• How to riiiil .'Ietallur(jlcnl Infomintlon,” Plttsburyli. 
1030 ; A. I). ]lol>crts. ” Guide to Tcclmlcal Literature." 
Grafton, I,oudon, ItUtP; P. A. Potile, " Library Guide 
for the Clieuilst," .McGraw-Hill, New York, 1033; 
H. P. Spratt, " Libraries for Sclcntlllc K<'«c.arch In 
Hurope and America,” Grafton, London, 1030. 

* Chemical Abstracts, " List of Pcriodlc-sls Ab- 

Btrncted," American Cliemlcnl Society, Wash- 
Inpton, r>tli cd., 1030; Supplement, 1043. 
Cliemisclics Zentrnlblntt, " I’erlodlca Cliiinic.i,” 
Vcrlan Clionilr, Hcrlln, rev. cd., 1040. 

" Vorld J.lst of Sclcntlllc Periodicals Published In 
Hie Years 1000-33,” O.xford, London, 2nd cd., 
1034. 

W. On’Korj’. ■' Union List of Serials In Libraries 
of the United States and Canada," Wilson, 
New York, 2nd ed., 1013. 

2 Chemical Abstracts, 1042, 30, II, 

> r. Harden. J. Chem. Hduc.atlon 1044,21, 320-33.’;. 
J. N. I’rlend (ed.). " Textbook of Inorpanlc 
Clicmlstrj-,” Grinin, London. A luunbcr of 
the volumes have tables on the preliminary 
paRCs. 

Landolt - BOmstoIn, ” Physlknllsch - Chcniische 
TahcIIen," SpriuRcr, Itcrlln, 1023, p. 1034. 
Photoprint edition, Edw.ards Brothers, Ann 
Arbor, MlchlRan, U.S.A., 1041. 

^ British: The Olllclal Jonnial, 1630-1- . 

French : Bulletin ofllclal. 1S64-1-. 

German: Paientblatt, 1877-b. 

United States : Olllcial Gazette, 1872-}-. 

* K. Hohcnholl', " BIblloRraphy of .lournals, Books 

and Compilations Which List and Abstract 
Patents," Special Libraries Association, Balti- 
more, Md., U.S.A., 1030. 

^ '* The United States CataloR ; Books In Print 
.January 1, 1028," Wilson. New York, 1028. 
'The " Cuiniilnllvo Book Index," brinps the 
CataloR clown to dale. 

* "linRlIsh CntaloRuo of Books," “La Llbralrie 

rrnncalso," " Hnlhjnhrsvcrzclchnls . . . dor 
deiitschon Biiclilmndols,” " IJlbJIo " (Frericli), 
" Publishers' Weekly." 



620 


nomenclature and leterature, chemical. 


'British Science GuUd, “ Catalogue of British 
Scientific and Technical Books,” 4th ed., 1934. 
About 13,900 titles. 

H. Bolte, “ Fiihrer durch die chemische Literatur 
. . Hamburg, 1927. 

Chemical Engineering Catalogue, Sec jon on 
" Technical and Scientific Books,’ Kew York, 
1934-44. 

“ Chemical Industries ” (British), Section XII, 
Bibliography. „ „ , .. n ^ 

10 T. K. Palfrey and H. B. Coleman, Guide to 
Bibliographies of Theses,” 2nd ed., Chicago, 
1940 

n Great ' Britain ; “ Government Publications,” 

1922+ ; “ List of Publications of the Depart- 
ment of Scientific and Industrial Kesearch,” 
H.M. Stationery Office, London. 

United States : “ Document Catalog, 1893+ ; 
"Monthly Catalog of PubUc Documents,” 
Government Printing Office, Washington, D.C. 

>2 Annual reports of the editor in Proceedings of the 
American Chemical Society, Official Heports 
for each year. Published in Chemical and 
Engineering News. 

>3 Of. S. C. Bradford, Chemistry and Industry, 1937, 

B.A.S. 


NOMOGRAMS (u. VoL HI, 3c, 5a). 

NONANE, CgHjj, is the ninth member of 
the homologous series of saturated, aliphatic 
hydrocarbons, C„H 2 „+ 2 - Thirty-five isomeric 
nonanes are possible theoretically (exclutog 
stereoisomers) and about 24 have been described 
in the literature. A list has been drawn up by 
Francis (Ind. Eng. Chem. 1943, 35, 442) giving 
calculated values of boiling points, densities, and 
refractive indices for aU isomers, together with 
observed values where known. 


w-Nonane, CHg-ECHjl^-CHg, has b.p. 150-71°, 
f.p. -53-69°, pf 0-71790, and 1-40562. It 
occurs naturally in petroleums, and can be 
prepared as follows : oenanthol (n-heptaldehyde) 
is treated with ethyl magnesium bromide to 
give nonanol-3, which reacts with phosphorus 
and iodine to give the halogenated product; 
this is boiled with alcoholic potash to yield 
nonene, which is then hydrogenated (JIair, 
Chem. Zentr. 1933, i, 402 ; Wibaut et al., Ree. 
trav. chim. 1939, 58, 359). 

When heated at 475° in the presence of 


CfjOg — CoO and AlgOg — -CrjOg — CoO cata- 
lysts, w-nonane is dehydrogenated and cyclised 
to o-ethyltoluene (Sergienko, Chem. Zentr. 1942, 
r, 2219). 

Vapour-phase nitration of w-nonane with 
nitrogen peroxide at 200° gives a mixture of 
mono- and di-nitrononanes (Urbanski and Sion, 
Compt. rend. 1937, 204, 870). 

When heated with anhydrous aluminium 
chloride for 8 hours, 7i-nonane is split into 
butane and pentene, the latter being then trans- 
formed into eyeZopentane under the influence of 
the catalyst (Cox, Bull. Soc. chim. 1925, [iv], 
37, 1549). 


B. A. K. 


NONOIC ACIDS. The most important 
of the 89 possible nonoic acids of the formula 
CgHiT-COOH is n-nonoic acid (nonic, nonanoic, 
nonylic, pelargonic acid). This has been isolated 
from the oil of Pelargonium roseum (Bless, 
Annalen, 1846, 59, 54), from Japan wax and 
from fusel oUs. It is conveniently prepared by 
the decarboxylation of heptyl malonic acid, 
prepared from diethyl inalonate, m-heptyl 
bromide and sodium n-butoxide in ?? -butyl 
alcohol (Organic Syntheses, Coll. Vol. II, 1943, 


p. 474). It has also been made by the hydrolysis 
of octyl cyanide, by the oxidation of oleic acid 
(6.P. 565158) or oil of rue, by an aceto-acetate 
synthesis, or by fission of xmdeoylenic acid with 
potassium hydroxide. 

m-Nonoic acid has m.p. 12-5°, b.p. 253-254°, 
0-9109. Methyl ester, b.p. 213-214°, ethyl 
ester, b.p. 216-219°, anhydride, m.p.. 16°, nitrile, 
b.p. 224°, amide, m.p. 98-9°, acid chloride, b.p. 
215°, anilide, m.p. 57-5°, a-naphthylamide, m.p. 
91°. 

Passage of the acid mixed with formic acid 
over titanium dioxide at 300° gives an 85% yield 
of pelargonaldehyde, CH 3 -[CH 2 ] 7 -CHO, b.p. 
190-192° (Sabatier and Mailhe, Compt. rend. 
1912, 154, 563). The acid is converted into 
methyl n-hexyl ketone by Penicillium glaucum 
(Starkle, Biochem. Z. 1924, 151, 403), and the 
same ketone can be prepared by the oxidation 
of the sodium or ammonium salt with hydrogen 
peroxide (Dakin, Amer. Chem. J. 1910, 44, 46). 

B. A. K. 

NONTRONITE. A member of the iso- 
morphous montmoriUonite group (r. this Vol., 
p. 235d) of clay minerals. 

It corresponds to montmoriUonite in which the 
aluminium has been wholly replaced by iron 
ions. Its presence in clays and soU coUoids can 
be detec' ed by X-ray diffraction data, 

D. W. 

NOPAL {v. Vol. Ill, 226c). 

NO P I N EN E (r. /3-Pinene, under Tebfenes). 

N O P I N O N E (li. )S-Pinene, under TbRPENEs). 

“ NORIT" [v. Vol. I, ISSa; II, S16d). 

NORMAL TEMPERATURE AND 
PRESSURE (“N.T.P.”) (Sometimes 
caUed “ Standard Temperature and Pressure, 
“ S.T.P.”) A temperature of 0°o. and pressure 
of 1 atmosphere (76 cm. of mercury). 

N.T.P. is the arbitrary reference state 
generaUy adopted for the measurement and 
comparison of densities and volumes of gases. 
The “ normal ” density of a gas is its rhass per 
litre when it is at N.T.P. In practice, densities 
and volumes of gases are rarely measured at 
N.T.P., but are corrected to that state by making 
use of the known properties of the gaS. Thus, 
in the case of the so-caUed permanent gases, it 
is generaUy sufficiently accurate to apply the 
ideal-gas laws, provided the gas is studied at a 
state not too far removed from N.T-P- If a 
given mass of such a gas occupies a volume V 
when it is at a pressure P cm. of mercury, and 
temperature t°c., its volume at N.T.P. would be 

y{273-l/(273-l-t-i)}(P/76). 

(0°c. being 273-1 °k. on the absolute scale)- 

If the volume of a gas is measured- over, for 
instance, water, it is, of course, necessary to 
aUow for the partial pressure of water vapour 
(p) at that temperature when reducing the gas 
volume to N.T.P. ; P, the total pressure, is then 
replaced by {P-p) in the above expression. 
When the normal density of a gas is required 
very accurately, it is necessary to use the 
P-V relations of the gas (determined experi- 
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mentally) rather than the ideal-gas laws when 

' m°2s!ty^ofhydrogen at N.T.P. is 0-08988 
g per 1., and that of oxygen 1-4290 g. per 1. 
The volume oceupied by 1 gram-molecidar 
■^veight of any “ ideal ” gas at N.T.P. is 22-4 1. 

N.T.P. has also been used to a small extent ns 
a standard reference state for the compilation 
of the thermochemical properties of pure solids 
and liquids, but the modern proforcnco for tjiis 
purpose is (for practical reasons) 18°c., or 25°o., 
and 1 atmosphere (cf. P. R. Bichowsky and F. D. 
Rossini, “The Thermochemistry of Chemical 
Substances,” New York, 1936). 

J. A. Iv 

NOVOCAINE {v. Vol. I, 16, 309n ; II, 346} 

NUCIN, juglone, regiaiiiu, 5-hydroxy-l:4 
naphtha quinone, reddish-yellow ci^-stnls, ra.ji 
153-154°, occurs in the shells of walnuts 
{Juglam regia) and is used ns a hair dye (r 
Vol. VI, mb). 

J. N. G 


NUCITE (v. Vol. VI, 495a). 

NUCLEIC ACIDS, llic term nucleic acid, 
originally coined to denote phosphorus-con- 
taining compounds prepared by Jlicschcr from 
the nuclei of salmon sperm, has come in cour.se 
of time to include not infrequently all compounds 
which conform to tho pattern of the nucleotide 
unit. Nucleotides consist of a nitrogenous base 
united through a glycosidic linkage with a sugar 
molecule which is esterified by orthophosphoric 
acid. Tho naturally occurring nucleotides con- 
tain either a purine base (guanine, adenine, 
hypoxanthino), or a pjTiniidino base (cytosine, 
uracil, thymine), or in the allied coenzymes 
nicotinamide or alloxazino (glycosidic liiilc 
reduced). Closely related to the nucleotides arc 
the nucleosides, combinations of base and sugar 
devoid of phosphoric acid. Tlic.se arc either 
formed by hydrolytic or enzymic dephosphory- 
lation of the nucleotides or occur naturall}'; 
in the latter case tho bases arc i’aoguaninc, uric 
acid, divicino or adenine. With only two 
CMeptions (adenine thiomethyl pentoside and 
divicine glucosido) tho sugars of tho natural 
nucleotides are pentoses or dcoxjqiontoscs, and 
where e.vamination has been adequate thc.s'p are 
d-riboso and d-2-dcoxyribosc. 

Although certain nucleotides occur in nature 
singly and as dinucleotidcs, those derived from 
guanine, adenine, cytosine, uracil, and thymine 
exist as complex polynucleotides of mediutu to 
high molecular w-eight, and it is to these com- 
pounds that tho term nucleic acid is apjilied in 
Its more limited sense. This rovioiv is concerned 
with these polynucleotides, but it should be 
reahsed that tho diiTcrentiation is made for 
reasons of convenience of treatment only and is 
inherently unsound, since tho problems en- 
countered are generally applicable throughout 
the whole nucleotide field. 


OCOTTERENOE AND CLASSIFICATION. 

A division of nucleic acids into two das 
according to tho nature of tho carbohydr 
(pentose and deoxypontoso) resulted initir 

wCs? 'Th f collaborate 

who showed that the nucleic acid of yeast c 

>ned a pentose sugar (Kossol, Arch. An 


Physiol. 1891, 191) whereas tho nucleic acid of 
thymus gland did not (v. infra) since it gave no 
furfural on distillation with acid (Kossel and 
Neumann, Bor. 1893, 26, 2753). As a result of 
these and similar investigations it came generally 
to bo believed that the pentose and deoxypentose 
nucleic acids wore characteristic of, and re- 
stricted to, plant and animal cells respectively-. 
Thus, a nucleic acid of pancreas was found to be 
of tho dco.xy-typo (Iaivciic, Z. physiol. Chem. 
1903, 39, 4) whereas that obtained from wheat 
germ w-as a ribonucleic acid (Osborne and Harris, 
ibid. 1903, 36, 85). In 1894, however, Ilammar- 
ston (ibid. 1894, 19, 19) isolated two nuclco- 
protcina from pancreas which were later shown 
by Stciidel (ibid. 1907, 53, 539) to yield a 
deoxypentose nucleic acid and a pcnto.se nucleic 
acid respectively. This threw doubt on the 
classification into plant and animal nucleic 
acids in favour at that time, and all subsequent 
work (see Gullnnd, J.C.S. 1938, 1722) has con- 
firmed tho view that both nucleic acids are 
characlerislic of all living cells. Up to date no 
nucleic acid has been found to contain both 
pcnto.‘:e and deoxypentose sugars, and there are 
no proofs that the acids of each of tho two types 
are similarly constituted as regards the arrange- 
ment or mode of linkage of their component 
nucleotides, nor in fact that all tho acid.s of cither 
typo obtained from difierent natural .sources arc 
identical in the organisation of their nucleotides. 
Suggestions have been made that the molecules 
of the pcntc-'o nucleic acid of yeast and the 
deoxypentose nucleic acid of thymus gland are 
[ coniiioscd of polymerised tetranuclcotidc.s con- 
isisling of one of each of the four relo\nnt 
niiclcotide.s, but it is very doubtful whether this 
view can bo held with certainty and tlicrc are no 
indications that tho conception is of general 
application. 

Yeast remains one of the more convenient 
sources of an acid of tho pentoso type, but such 
acids have also been isolated from bacteria (Cog- 
hill, J. Biol. Chem. 1931, 90, 57), from w-hcat 
germ (O.sborne and Harris, /.r. ; Clarke and 
yehryver, Biochem. <1. 1917, 11, 319), from rye 
ergot (Gatty-Kostyal and 'J'esartz, Wiadoni. 
Farm. 1936, 63, 213, 229, 215), from pancreas 
(llammarstcn, Hanimarston, and Olivccrona, 
Acta. Hod, Skaiid. 1928, 68, 215; Steudel, Z. 
physiol. Clicm. 1935, 231, 273; 1936, 24-1, 84 ; 
Jorpc.s, Acta. Med. ykand. 1928, 68, 253; 
Biocliciii. d. 1934, 28, 2102), from numerous 
other ti.ssue.s (see Davidson and Waymouth, 
Nature, 1943, 152, 47, for rcforcncca to tho 
occurrence of ribonucleic acid in animal tissues) 
and from virusc.s (Loring, J. Biol. Chem. 1939, 
130, 251 ; lloagland, Ann. Rev. Biochom. 1943, 
12, 615 ; Stanloy, ibid. 1940, 9, 545). 

A rich soiireo of deoxypontoso nucleic acid is 
tho thymus gland, but acids of this typo nro 
present in all ti.ssuos which have been sudiciently' 
examined, whether of plant or animal origin. 
Thus they have been obtained from intestinal 
mucosa (Araki, Z. physiol. Chem. 1903, 38, 98), 
spleen, pancreas, and liver (Ijovone, J. Biol. 
Choni. 1921, 48, 177), besides numorous other 
animal tissues such ns fish sperm, testicle, 
placenta, mammary gland, kidneys brain, 
thyroid, and erythrocyte (for references, sec P. A. 
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Levene and L. W. Bass, “ Nucleic Acids,” Chem. 
Cat. Co., 1931) and are known to be present in 
yeast (Delaporte and Roukbelman, Compt. rend. 
1938, 206, 1399), onion bulbs (Belozerski, Compt. 
rend. Acad. Sci. U.R.S.S. 1939, 25, 75), bacteria 
(Brown and Johnson, J. Biol. Chem. 1923, 57, 
199), rye ergot (Gatty-Kostyal and Tesartz, 
Z.C.), horse chestnut seeds (Belozerski and 
Bubrovskaja, Biochimia, 1936, 1, 665), French 
and Soya bean seedlings (idem, ibid. pp. 134, 
255), and other plant tissues (see GuUand, J.C.S. 
1938, 1722). Deoxyribonucleic acid has been 
identiBed in only a few Yimses', for example 
those of psittacosis .(Robinow and Bland, 
Nature, 1938, 142, 720), vaccinia (Hoagland, 
Lavin, Smadel, and Rivers, J. Exp. Med. 1940, 
72, 139), rabbit papilloma (Taylor et al., J. In- 
fectious Diseases, 1942, 71, 110), influenza and 
swine influenza (Taylor et al., J. Immunol. 1943, 
47, 261; 1944, 48, 129, 361; J. Biol. Chem. 
1944, 153, 675). 

It is seen, therefore, that the belief that one 
t 3 rpe of nucleic acid is characteristic of plant 
and the other of animal cells, is no longer tenable. 
As a result of the work of the last twenty years, 
however, the idea has arisen that deoxypentose 
nucleic acid is present in the nucleus, pentose 
nucleic acid in the cytoplasm. Feulgen, 
Behrens, and Mahdihassan (Z. physiol. Chem. 
1937, 246, 203) separated the ceU nucleus from 
the cell membrane of rye germ and showed that 
the nucleus contained a nucleic acid of the 
deoxypentose type whereas the c 3 d;oplasmic 
portion yielded a pentose nucleic acid (Behrens, 
ibid. 1938, 253, 185). Firrthermore, Delaporte 
and Roukhelman (Compt. rend. 1938, 206, 
1399) reported the presence of deoxypentose 
nucleic acid in the nucleus of the yeast cell and 
pentose nucleic acid in the metachromatic 
granules. This method of studying the location 
of the nucleic acids in the cell, however, presents 
serious experimental difficulties and most of the 
work has been carried out by histoohemical 
methods. 

The microscopic identification of the exact 
position of the two nucleic acids in tissues 
depends on two factors. First, by virtue of the 
purine and pyrimidine bases present in the 
molecules, nucleic acids of both types show 
selective absorption at about 2,600 a. Second, 
the deoxy-sugar liberated from deoxypentose 
nucleic acid by acid hydrolysis is able to restore 
the colour to decolorised magneta, the so-called 
Feulgen reaction, and this does not occur in the 
case of the pentose nucleic acids. By measuring 
the absorption in the region of 2,600 a. at 
different positions in the cell, a pictiwe of the 
distribution of compounds containing purines 
and pyrimidines is obtained (Caspersson, 
Skand. Arch. Physiol. 1936, Suppl. 8). The 
distribution of deoxyribonucleic acid is deter- 
mined by staining with Feulgen’s reagent (see 
Feulgen, in Abderhalden, 1932, V. 2, ii, 1055). 
Material which shows absorption at 2,600 a. 
but does not stain with Feulgen’s reagent is 
regarded as being pentose nucleic acid, although 
obviously the method cannot distinguish 
between nucleic acid and nucleotides. 

Using these methods of investigation, pentose 
nucleic acid has been identified in the cytoplasm 


of rapidly growing tissues (Caspersson, Nature, 
1939, 143, 602) and in the nucleolus (Caspersson 
and Schultz, Proc. Nat. Acad. Sci. 1940, 26, 
507) and deoxypentose nucleic acid is found to 
be confined to the chromosomes (for discussion, 
see CaUan, Nature, 1943, 152, 503). A discussion 
of the biological interpretation of these results 
has been given by Darlington (ibid. 1942, 149 
66 ). 

]?eulgen’8 reagent is frequently regarded as 
being specific for deoxypentose nucleic acid, but 
this is by no means certain, and further doubt 
has been cast on results obtained with it by 
Stedman and Stedman (ibid. 1943, 152, 267, 
503, 557), who claim to have isolated from the 
chromosomes an acidic protein, chromosomin, 
saidjto form the major part of the chromosome 
threads. The staining of the nucleus by the 
Feulgen reagent is interpreted as a simple pro- 
cess of staining the acidic protein, chromosomin, 
by the basic dyestuff produced from the inter- 
action of the Feulgen reagent and deoxypentose 
nucleic acid (Choudhuri, ibid. 1943, 152, 457), 
which is thought to be present not in the chromo- 
somes but in the nuclear sap. These objections 
are not considered to invalidate completely the 
earlier conclusions (Callan, l.c. ; Barber and 
Callan, ibid. 1944, 153, 109 ; Caspersson, ibid. 
1944, 153, 499; Stedman and Stedman, ibid., 
p. 500) and the question should be regarded at 
present as sub judice. 

Isolation on Nucleio Acids. 

The main stages in the isolation of nucleic 
acids are the destruction of the tissues, the 
separation of the nucleic acid from protein, and 
finally the precipitation of the nucleic acid. In 
the preparation of both pentose and deoxypen- 
tose nucleio acids, the two former processes are 
commonly carried out by means of sodium 
hydroxide. The use of this reagent during the 
extraction, however, has the great disadvantage 
that the nucleio acid molecule may be degraded 
diming the process of isolation. In order to 
avoid such decomposition, other reagents have 
been tried, such as sodium chloride (Clarke and 
Schryver, Biochem. J. 1917, 11, 319) ; in this 
case there are other technical objections. Heat 
denaturation of the protein, possibly applicable 
in certain cases only, proved highly successful 
in the isolation of the pentose nucleic acid of 
tobacco mosaic virus (Cohen and Stanley, 
J. Biol. Chem. 1942, 142, 863). Perhaps the 
most efficient method so far described for the 
disintegration of tissues and concomitant 
liberation of the nucleoprotein content of the 
cells is that described by Sevag and Smolens 
(ibid. 1941, 140, 883) for the isolation of bacterial 
nucleic acids. The bacterial cells are disrupted 
by ultrasonic waves, and centrifugation of the 
cellular debris leaves a solution containing the 
nucleoprotein. Nucleoproteins obtained thus 
are claimed to consist of covalent compoimds of 
the two components, but in general little is 
known of the exact modes of union in nucleo- 
proteins and it is possible that polar and non- 
polar linkages are both involved. The methods 
of isolating nucleoproteins and nucleic acids 
have been discussed by GuUand, Barker, and 
Jordan (Ann. Reviews Biochem. 1945, 14, 175). 
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Isolation of Nucleotides fbom Ndoleio 
Acids. 


Pentose Nucleotides. — On mild alkaline hy- 
drolysis the pentose nucleic acids so far in- 
vestigated yield a mixture of four nucleotides, 
guanylic, yeast adenylic, cjdidylic, and uridyhc 
acids. The pentose nucleic acid of yeast has 
been studied in most detail and in this acid the 
four nucleotides are stated to ho present in 
equimolecular quantities (Levenc and Jacobs, 
Ber. 1911, 44, 1027; Jones, J. Biol. Chom. 
1916, 24, 1; Hoffmann, ibid. 1927, 73, 15; 
Kobayashi, J. Biochom. Japan, 1932, 15, ..61 , 
Graff and Maculla, J. Biol. Chom. 1935, 110, 
71). This condition docs not apply to other 
pentose nucleic acids since a higher proportion 
of guanylic acid is present in Iho . pentoso 
nucleic acid of pancreas (Stoudcl, Z. physiol. 
Chem. 1936, 231, 273 ; 1930,241,81; Jorpea, 
Biochem. J. 1934, 2102; lAJvcno and Jorpes, 
J. Biol. Chem. 1930, 86, 389), and Loring (ibid. 
1939, 130, 261) reported a 20% deficienc3' of 
purines in tho nucleic acid of tobacco mosaic 
virus and suggested tho oxislonco of an isomeric 
uridyhc acid. 

Tho isolation of nucleotides from tho products 
of hydrolysis presents some difficulty’ and several 
methods of separation aro availahlo, each pos- 
sessing certain advantages (Buell and Piukins, 
ibid. 1927, 72, 21; Lovcnc, ibid. 1918, 83, 425; 
1919, 40, 416; Buell, ibid. 1913, 160, 389). 

Tho two purino nucleotides guanylic acid and 
adenylic acid differ very markedly from tho 
pyrimidine nucleotides, cytidylic acid, and 
uridyhc acid, in their stability’ towards hydroly’sis 
by acids, tho former readily undergoing fission 
both at the glycosidic and ester linitngca. 'The 
latter, however, aro relatively’ stable and it is 
possible to apply this distinction in preparing 
the .pyrimidine nucleotides from tho {wntosc 
nucleic acid of yeast (Loveno and Jacobs, Bor. 
1911, 44, 1027 ; Thannhauscr and DorfmOller, 
Z. physiol. Chem. 1919, 104, 65 ; Brcdcrock and 
Richter, Ber. 1938, 71 [B], 718). 

Deoxypeniose Nucleotides. — Although tho pre- 
sence of tho nucleotide pattern in dcoxyj)cnto3e 
nucleic acid was readily donionstratcd, tho 
preparation of all four nucleotides from the 


producte of hydr6ly’sis of this nucleic acid was a 
more difficult task. Loveno and Jlandcl (ibid. 
1908, 41, 1906) and Thannhauscr and Ottonstcin 
(Z. physiol. Chem._1921, 114, 39) isolated two 
pynmidine nucleotides, containing thyinino and 
cytosine respectively, from tho products of acid 
nydrolyps. The two purino nucleotides cannot 
e obtamed in this way, however, bocauso they 
undergo fission during this process. Further- 
more, deoxypentoso nucleic acid is much more 
a e in alkaline solution than pentoso nucleic 
aoffi and could not bo broken domi into a mix- 
toe of nucleotides by this means. Tho difficulty 

f J BFnTru by Levono and London 
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means nf of nucleic acid enzymatically by 
fir8t nroI“^° ^''1 1'*° nucleotides 
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173, 262 ; 1936, 231, 96) succeeded in preparing 
tho deoxyrpentoso nucleotides of adenine, 
guanine, cytosine, and thymine by the action on 
tho nucloic acid of an c.xtrnct of intestinal 
mucosa, in which tho phosphataso was inhibited 
with arsonato ions and tho deaminase with silver 
ions. These nucleotides were also dophosphory- 
latcd onzyunatically' to give tho corresponding 
nucleosides. Tho method of isolating the 
adenino nucleoside from tho hydrolysis product 
of dcoxy’pontoso nucloic acid has recently’ been 
improved (Brady’, Biochom. J. 1941, 35, 855). 

Structdke of the Nucleosides and 
Nucleotides. 

Tho purino nucleotides on mild acid hydroly'sis 
yield one molcculo each of phosphoric acid, 
d-riboso or deoxyTihoso and a purino base. Tho 
py’rimidino nucleotides arc so rc.sistant towards 
hy’drolysis by’ acid that tho conditions neccs.enry 
for the hydrolysis of tho nuclcotido are .sufficient 
to bring about further decomposition of the 
liljeratccl sugar. Tho identifications of tho 
purino and pyrimidino ba.«cs in tho micleotides 
were eairicd out at an early’ date, and for these 
tho monograph by’ P. A. lAJvenc and L. W. 
Bas.s, “ Niicleic Arid.s," Chemical Catalogue 
Co., 1931, should l>o eonsultod. 

Tho de.signation of the .sugar as d-riboso in tho 
pentoso nucleotides wa.s made by’ J.ASvcno and 
co-worker« in 1909 after .several other investi- 
gatora had reached otlu-r conclu.sion.s. (For a 
stimmarv of the literature, sec Gulland and 
Barker, J.C.S. 1913, 025.) 

The i.solation of a pun' .sugar from the product.s 
of hydrol\>is of the tlcoxypento.so nucleotides 
proved extremely difficult. At ono stage it was 
concluded that a hexo''e was concerned in the 
nuclcotido molecule iK’cau.se Imvulinic acid was 
formed tluring ni’id hydrolysi.s ; thi.s did not, 
however, explain the mnisual instability of tho 
.••ugar. Finally, Ixivene and Londoti (.f. Biol. 
Chem. 1029, 81, 711) showed that Iho analy.sis 
of tho guanine micleosido from nucleic acid 
corre.spnndcd to that of a guanine deoxypento- 
side and that both llu' nucleo.xido and tho sugar 
derived from it gave a positive test with Kilinni’s 
n’agont. Comiiari.son of thi.s sugar with syn- 
lliotio cf-2-dcoxyribo.so showed them to be 
identical (lA'veno and Mori, ibid. 1929, 83, 803; 
Levenc, Mikc.ska, and Mori, ibid. 1929-30, 85, 
785). 'J’he hypoxanihine, cyto.sine, and thymine, 
nucleoside.s, on analysis, were also found to be 
dcoxypento.side.s, but a.s far a.s i.s known tho 
sugar.s from the.so nuclco.sidc.s have not been 
isolated and characterised, and they’ arc n.s.sumcd 
to bo rf-2-deoxyribo.so by’ analogy with guanino 
dooxyribo.sido. 

Tho ring-siructuro of tho .sugans in tho 
nuclco.sidc.3 ha.s been shouui to bo of tho furano.so 
typo by three di.stinct methods. First, tho 
riboso of tho purino and pyrimidino nucleo.side.s, 
when mothylatcd and oxidi.sed yielded di- 
mothoxy’sucinnic acid (lA'veno and Tij)son, ibid. 
10.32, 94. 809; 97, 491; 193.3, 101, 529). 

Second, IhcRo nucleosides and also tho purino 
and pyrimidino deo.xypcnto.side.s reacted with 
trlphonylmothyl chlorido, which wa.s sliown by’ 
Brcdcreck to react with a primary’ alcoholic 
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group and not with a secondary alcoholic group 
(Levene and Tipson, ibid. 1934, 105, 419 ; 1935, 
109, 623 ; Bredereck, Ber. 1932, 65 [B], 1830 ; 
1933, 66 [B], 198 ; Z. physiol. Chem. 1934, 223, 
61). Hockett and Hudson (J. Amer. Chem. 
Soc. 1931, 53, 4456), however, observed that in 
certain sugars a secondary alcohohc group is 
attacked by triphenyhnethyl chloride, and this 
invahdates, to some extent, the evidence for 
the furanose structure based on this method. 
More recently, the furanoside structures of 
adenosine, guanosine, and yeast adenj'hc acid 
have been confirmed by means of periodate 
oxidations (Ljdhgoe and Todd, J.C.S. 1944, 592). 

The remaining problems in connection with 
the nucleotides are concerned with the union 
of the components. GuUand and co-workers, 
by comparing the ultra-violet absorption spectra 
of the natmal nucleosides with those of appro- 
priately substituted purine bases of known 
constitution, demonstrated that all known 
purine nucleosides are 9-substituted purines 
{ibid. 1934, 1639 ; 1936, 765 ; 1937, 1912 ; 1938, 
692 ; 1939, 1369, 1784). The point of attach- 
ment of the pentose to the pyrimidine bases 
cytosine and uracil is the same, because treat- 
ment of cytidine or cytidylic acid with nitrous 
acid produces compounds identical with natural 
uridine and uridylic acid respectively (Bredereck, 
Z. physiol. Chem. 1934, 224, 79; Levene and 
Jacobs, Ber. 1910, 43, 3159). Uridine was 
methylated and subsequently hydrolysed to give 
1-methyluiaoil (Levene and Tipson, J. Biol. 
Chem. 1934, 104, 385) thus excluding position 1 
as the point of attachment of the sugar, and 
Hilbert and Rist (ibid. 1937, 117, 371), by com- 
paring the ultra-violet absorption spectrum of 
luidine with that of uracil in which the hydrogen 
atom in position 3 and the hydrogen atom of the 
hydroxyl group in position 2 are substituted, 
showed that the sugar was attached to the 
pyrimidine ring at position 3. It is usually 
assumed, by analogy with the pjTimidine 
pentosides, that the deoxypentose radical sub- 
stitutes hj’drogen in position 3 of thymine and 
cytosine in the pyrimidine nucleotides, but no 
direct evidence on this point has been obtained. 

The position of attachment of the phosphoryl 
group in the pentose nucleotides was at first 
the cause of confusion, since it was found that 
whereas the phosphoryl group was easily re- 
moved by acid hydrolysis from the purine 
pentose nucleotides of yeast nucleic acid, the 
closely related nucleotides inosinic and muscle 
adenylic acids were much more resistant to 
hydrolysis. Ultimately, it was shoum that the 
phosphoryl radicals esterify hydroxyl 3 of the 
sugar in the pimine pentose nucleotides of jmast 
nucleic acid (for a summary of the literature, 
see GuUand, J.C.S. 1938, 1722) and hydroxyl 5 
in the more stable analogues. 

Evidence as to the position of the phosphoryl 
radical in the pyrimidine pentose nucleotides is 
not as yet conclusive, except that hydroxjd 5 is 
firee (action of triphenyhnethyl chloride, GuUand 
I.C., and synthesis, see infra) but the location is 
usuaUy assumed to be the same as in the purine 
nucleotides. The problem of the position of the 
phosphoryl group of the deoxypentose nucleo- 
tides has not been resolved by isolation of the 


sugar phosphate on account of the instability 
of the sugar, and this problem remains as yet 
unsolved. 

Ststtctube of Polynucleotides. 

The data required in this connection are 
(i) the molecular weight, i.e., the total number 
of nucleotides, (ii) their relative proportions, 
(iii) their modes of union. An important aspect 
of the last mentioned is the question whether 
the polynucleotides are, or are not, poly- 
tetranucleotides, that is molecules formed by 
repeated combinations of units composed of 
four nucleotides, one of each of the nucleotides 
appropriate to the nucleic acid t 3 q)e, arranged in 
uniform sequence. This is at present a debatable 
subject, and the existence of tetranucleotides 
as chemical entities cannot be considered as 
proved until such substances have been satis- 
factorilj’' isolated and characterised. It must 
also be realised that there is at present no 
evidence that both types of nucleic acid are 
identical in structime, or that the various repre- 
sentatives of each type derived from different 
sources are similarly constituted (for more 
detailed discussion and summary of the pre- 
ceding points, see GuUand, ibid. 1944, 208; 
GuUand, Barker, and Jordan, Ann. Reviews 
Biochem. 1945, 14. 175). 

Deoxypentose Nucleic Acids . — ^It has already 
been mentioned that by suitably controUed 
hydrolysis of deoxypentose nucleic acid of 
thymus gland foiur nucleotides containing 
respectively guanine, adenine, cytosine, and 
thymine may be obtained. Furthermore it has 
been stated by Steudel (Z. physiol. Chem. 1906, 
49, 406) and by Levene and Mandel (Biochem. 
Z. 1908, 10, 215) that these four nucleotides are 
probablj' present in equimoleoular proportions 
in the nucleic acids of th 3 ’mus and herring roe. 

As a result of claims by Levene and Jacobs 
and by Thannhauser and co-workers (J. Biol. 
Chem. 1912, 12, 411 ; Z. physiol. Chem. 1921, 
114, 17 ; 1926, 161, 116) to have isolated firom 
the products of mUd acid-hydrolysis compounds 
having the probable structure of diphospho- 
pyrimidine nucleosides, the molecule of deoxj'- 
ribonucleic acid was assumed to consist of the 
four nucleotides united by ester linkages as shown 
in (I) ; at that time the molecule was thought to 
consist of a single tetranucleotide. This struc- 
ture was in accordance with the titration of 
deoxyribonucleic acid by Levene and Simms 
(J. Biol. Chem. 1926, 70, 327) and by Bredereck 
and Kothnig (Ber. 1939, 72 [B], 121) who found 
it to be a pentabasic acid. The fuU interpre- 
tation of their results is not, however, feasible 
since molecular weights were not considered 
simultaneously. Bredereck and Caro (Z. physiol. 
Chem. 1938, 253, 170) have cast doubt on the 
existence of diphosphoric esters of pyrimidine 
nucleosides, but until evidence against this di- 
ester structure is found, it maj' be accepted 
tentatively as representing the mode of linkage 
of the nucleotides. 

The molecular weight of native deoxypentose 
nucleic acid has not yet been fuUy investigated, 
but all observers now agree that the molecules 
are very large, manj’ times greater than a single 
tetranucleotide. Signer, Caspersson, and Ham- 
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marsten (Nature, 1938, 141, 122), from studios of 
^^scosity and streaming birefringence, found the 
lengtb/widtb ratio to bo 300, and the molecular 
weight to lie between 500,000 and 1,000,000. 
These figures were corroborated by Astburj' 
and Bell (ibid. 1938, 141, 747), by X-ray analysis, 
and by Tennant and Vilbrandt (J . Amcr. Chem. 

' Soc. 1943, 65, 424) using the ultraccntrifugc. 
Schmidt, Pickets, and Leveno (J. Biol. Chem. 
1939, 127, 251) considered that dco.vypento.so 
nucleic acid consists of a mixture of nioloculcs 
of varying size, the range of molecular size 
depending on the method of extraction. 
Bredereck and Jochmann, using a drastic 
alkaline method of preparation (Bcr. 1912, 75 
[B], 395), obtained n product which aiJproxi- 
mated in composition and properties to a tetrn- 
nucleotide. Greenstein and Jenretto (J. Nat. 
Cancer Inst. 1940, 1, 77) claimed that the 
molecular weight, as shown by racasurement of 
viscosity and streaming birefringence, is re- 
versibly diminished by tho presence of various 
salts, and tho question of molecular size is 
complicated by reversible aggregation, since 
Pedersen (quoted by T. Svedberg and K, 0. 
Pedersen, “ Tho Ultracentrifugo,” O.xford Univ. 
Press, 1940, p. 443) found that tho sedimentation 
constant was highly dependent on the concentra- 
tion. 

" Pentose Nndeic Acids , — ^Tho proportions of 
nucleotides in different acids of this typo are 
discussed above. 

Cohen and Stanley (J. Biol. Chem. 1942, 144, 
689) made a detailed studj’’ of the phj'sical 
properties of tho acid from tobacco mosaic 
virus, isolated by heat donatiu'ation of tho virus 
protein and thus avoiding tho use of alkali ; it is 
therefore possible that this material was, or 
approached closely to, tho native nucleic acid 
of the mrus. Tho freshly isolated acid had an 
approximate particle weight of 300,000 and was 
highly asymmetric in shape with an axial ratio 
about 60; it decomposed spontancou-sl}' to 
form stiU asymmetric, birefringont particles with 
molecular weight about 61,000. Cold alkali 
converted either particle into molecules with a 
weight of 15,000 and a length-width ratio of 10. 
there is at present no evidence that a unit, 
VoL. VIII..-40 


smaller than mol. wt. 15,000 but larger than a 
nucleotide, exists as a fundamental unit of the 
tobacco mosaic virus acid. 

Several different structures have been sug- 
gested for the acid of yeast, only certain ^ of 
which merit consideration hero. Determination 
of the acidic groups by titration before and nftei 
alkaline fission into nucleotides .‘>hows elearl}' 
that tho phosphorjd groups are concerned in 
tho union of tho nucleotides, and tho interpre- 
tation of titration data necessitates also a 
knowledge of tho molecular weight of tho .sample 
of nucleic acid used, since it seems certain that 
phosphoryl groups are concerned in tho union of 
tctranuclcotides to form tho polytctranucleotidc, 
if such units do, in fact, o.xist. 

Various authors, using cither clcctroinctrio 
titration, or titration to thcphenolphthalein end- 
point, found that the acid of yeast possessed 
cither four or five acidic dissociat ions (Leveno and 
Simms, ibid. 1926, 70, 327 ; IMakino, /. phj’siol. 
Chem. 1935. 232, 229 ; .Torpes, Biochem. J. 1934, 
282, 102; Allen and Eiler, .J, Biol. Chem. 1911, 
137. 7.57; Bredereck and Jochmann, Ber. 1942, 
75 [BJ, 39r>). On tho basis of these re.sults if 
seemed that different structures of tho acid 
might bo warranted, and indeed two formuhe 
were proposed bv r>cvenc and Simms (II) (l.c.) 
and by Takahashi (III) (J. Biochem. Japan, 
1932, 16, 463) which represented tho acid as 
being penlabasic and tctrnbn«ie rc.spcctivcly 
(hj-droli-sis of III ns .shown would give II), 
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These formul®, however, were proposed on 
the assnmption that the molecule is a tetra- 
nucleotide as the subsequent determination of 
molecular weight by Myrback and Jorpes also 
suggested (Z. physiol. Chem. 1935, 237, 169). 
It is now realised that the molecules are much 
larger, with weights varying from 10,000 to 
28,000 depending on the sample and its previous 
treatment (Loring, J. Biol. Chem. 1939, 128, Sci. 
Proceedings, 33, 61 ; Fischer, Bottger, and 
Lehmann-Echtemacht, Z. physiol. Chem. 1941, 
271, 246; Fletcher, Gulland, Jordan, and 
Dibben, J.C.S. 1944, 30), and some reconcflia- 
tion of the discrepancies in titration data 
can be achieved by making allowances for 
differences in molecvdar weight of the samples 
examined. 

Fletcher, Gulland, and Jordan {ihid. 1944, 33), 
have described detailed electrometric titrations 
of the acid of yeast and also of the deaminated 
acid prepared from it without change in mole- 
cular weight. They found that the acid ex- 
hibited four phosphoryl dissociations for each 
four atoms of phosphorus, three of the phos- 
phoryl dissociations being primar}'' and one 
secondary. The samples examined had mole- 
cular weights corresponding to pol 3 Tiucleotides 


built up from 32-72 nucleotides, but mUd 
aqueous hydrolysis of the deaminated acid 
liberated one additional secondary phosphoric 
acid dissociation for each four atoms of phos- 
phorus, the molecular weight of the product 
being of the order of 1800, although the isolation 
of a deaminated tetranucleotide free from 
purine has so far proved impracticable. On the 
basis of these results, the formulse {IV, V, or VI) 
were proposed as possible for a hypothetical ' 
tetranucleotide, and present two new con- 
ceptions. One phosphoryl group is a neutral 
triester. Another is a monoester, and pla 3 's no 
part in ■ maintaining the skeleton of the poly- 
nucleotide; thus for the first time a feasible 
explanation is offered of the frequency with 
which low phosphorus analyses are encountered 
in apparently homogeneous samples of the acid. 
Polymerisation to a polynucleotide occurs 
through one of the secondary phosphoryl dis- 
sociating groups, presumably as an ester since 
neither hydroxyl nor amino-groups are in- 
volved; the titrations demonstrated the im- 
substituted nature of the enolic hydroxyl groups 
of uracil and guanine,_ and the acids underwent 
deamination without diminution of molecular 
weight. 
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Action of Enzymes on Polynucleotides. 

Non-specific phosphomono- and phospliodi- 
esterases vrere used by Guiland and Jackson 
(ibid. 1938, 1942) to throw fight on the struc- 
ture of yeast ribonucleic acid, and thoir con- 
clusions were in agreement with those subso- 
mStiy advanced (Fletcher, Guiland. and 
Jordan, ibid. 1944, 33) on the basis of electro- 
metric titrations (a. snpra). 

Eibonuclease, an onzj'ino isolated from 
pancreas (Jones and* Perlcins, J- Eiol. Chem. 
1923, 55, 557; Dubos and Thompson ibid. 
1938,’ 124, 601 : Kunitz, J. Gen. Physiol. 1940, 
24, 15) and regarded as specific for ribonucleic 
acid, was believed to cause depolymerisation 
into’ tetranucleotides (Schmidt and Lcvenc, 
J. Biol. Chem. 1938, 126, 423 ; Allen and Eilcr, 
ibid. 1941, 137, 767) or dinuclcotidcs (Fischer, 
Bottger, and Lehmann-Echternacht, Z. phj'siol. 
Chem. 1941, 271, 240; J. pr. Chem. 1911, 158, 
79). Tiunitz, however, found that only about j 
half the ribonucleic acid is broken into small 
fragments, diffusible through cellophane, and 
Loring and Carpenter (J. Biol. Chem. 1943, 150, 
381) concluded that a relatively largo proportion 
of the molecule is resistant to ribonuclcaso and 
isolated small yields of the four inononuclcotide.s 
after its action. The nature of the enzyme’s 
attack on yeast ribonucleic acid is thus obscure, 
'and it is at present unsafe to base conclu.sions 
as to structure on such experiments. Tlio sub- 
ject is reviewed by Gidland, Barker, and Jordan 
(Ann. Reviews Biochem. 1915, 14, 176) and by 
Tipson (Advances in Carbohydrate Chemistry, 
1945, 1, 193). 

A depoljTnerasc of dooxypcnto.se nucleic acid 
is present in calf thymus and ox parierea.s (Fuel- 
gen, Z. physiol. Chem. 1936, 237, 201; 1930, 
238, 105) and in extracts of tlie germ.s of Limn 
bean, sunflower, maize, wheat, and j)umpkin 
(Greenstein and Jenrettc, J. Nat. Cancer Inst. 
1941, 2, 301 ; Cold Spring Harbor Symposia 
Quant. Biol. 1941, 9, 230) ; it is different from 
ribonuclease which has no action on deoxy- 
pentoso nucleic acid. The action of the depoly- 
merase results in disappearance of the structural 
or anomalous viscosity of tho nucleic acid (Grocn- 
stein and Jenretto) and in an increase of acidity 
and conductivity (Fischer, Lehmau.i-Echter- 
nacht, and Bottger, J. pr. Chem. 1941, 158, 79) ; 
titration of tho extra acidity suggests that the 
change could be a decomposition of tho acid of 
high molecular weight into pontabasic tetra- 
nucleotides. 

Cohen (J. Biol. Chem. 1945, 158, 255) lia.s 
found that deoxypentoso nucleoprotoins as rvell 
as the nucleic acid are degraded by tho dopoly- 
merase, and also that crystalline ribonuclease 
exhibits proteolytic activity. 

Synthesis of Nucleosides and 
Nucleotides. 

The complete synthesis of a nucleotide or 
nucleoside of either pentose or 'deoxypentoso 
nucleic acid has not yet been achieved. Several 
uuc eosides have, however, been synthesised 
wmch are related closely to those derived from 
n onucleic acid, and the nucleosides obtained 
irom yeast pentose nucleic acid by alkaline 


hydrolysis have been phosphorylated to regene- 
rate tho natural nucleotides; tho latter, there- 
fore, are partial syntheses. 

N-udeosidcs . — ^Although several methods are 
available for tho synthesis of purine or pimimi- 
dino glj'cosidcs, the inaccessibility of d-ribosc 
and d-2-dcoxyriboso, both in the furnnoso form, 
makes tho sjuithcsis of a natural nucleoside 
difficult. Tiy the interaction of an aceto- 
bromo-sugar and tho silver derivative of a 
purine or pyrimidine, many glycosides have 
been prepared (for filcraturc, see Guiland, J.C.S. 
1938, 1722). Of these, the pyrimidine glyco- 
sides were much less stable towards acid 
hydroh'sis than the natural pyrimidine nucleo- 
sides and were subsequently found to bo O- 
glycosidcs. Hilbert and .Tohnson (J. Amor. 
Chem. Soc. 1930, 52, 41S9), however, .synthesised 
an analogue of uridine by tho internet ion of the 
acetobromo-sugar and dictho.\y])yrimidino fol- 
lowed bj' removal of tho ethyl and acetyl groups. 

The purine gl 3 'fcosides obtained by the action 
of an aeotobromo-sugar on the 7(9)-silver 
<lcrivalivo of the imrine resemble tho natural 
purine nucleosides in their propertie.s, and 
.synthetic adenine glucosido (Fischer and Helfe- 
rich. Bcr. 1914, 47, 210), prepared frtun aceto- 
bromoglucoso and .silver triehloropurino, was 
.shown by Gidland and Story (.T.C.S. 1038, *269) 
to have tlie sugar attached to tho purine ring 
at position 9, ns is the ease in the naturally 
occurring compounds. 'I'liis method. thcn.'fore, 
provided a route to tlie .synthesis of tho natural 
nuelcosidc.s, since by .suitable modifications the 
other purine nucleosides can 1 k) prepared from 
Irieldoropurine glycosides containing tho appro- 
priate sugar. 

JToro rt'cenlly Todd and eo-worki'rs have 
oxplore<l a new method of synthesising purine 
glyco.sidc.s (ibid. 1913, 3S3. 3S0, 671 ; 1914, 3IS. 
062; 1916, 660), and thc.so rcsearclies may 

provide a more convenient methoU for the 
synthesis of the natural nucleosides. 

A^itdcotidcs . — TJio .« 3 'nthcsis of pentose nucleo- 
tides has been reviewed bv Guiland (ibid. 1914, 
208). 

Anahjlirai Methods and Metabolism. — F'or 
analytical methods and tho metabolism of 
nucleic acid.s, reviews by Allen (Ann. Rcview.s 
Biochem. 1911, 10, 221) and Loring {ibid. 1914, 
13, 296) may bo consulted. 

J. M. G. and G. 11. B. 

NUPERCAINE HYDROCHLORIDE. 
2 - 71 - Butoxycinchonin - /3 - dieth^ylnminoethyl- 
amido. " Pcrcainc." Local anieslhctic. B.P.C. 
(i>. Synthetic Dhuos). 

S. E. 

NUTMEG. Tho nutmeg is tho kernel of tho 
fruit of Mijristica fragrans Honffc. {sec H.voi;, 
Vol. VII, 433a). When gathered the fruit is 
slowly dried, cither in tho sun or by artificial 
heat, tho hard shell is removed and tho nutmegs 
(except in tho case of those from I’enang) washed 
in milk of lime. Tho nuts arc then sorted into 
grades according to their size, tho larger and 
denser being tho most valuable. Those which 
are shrivelled are reserved for tho production 
of ground nutmeg, of which, however, little 
appears on tho market. 

Tho true nutmeg is oval or nearly spherical in 
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shape, fi-om 20 to 26 mm. long and from 15 to 
18 mm. wide. It is wrinkled longitudinally 
with a groove marking the position of the raphe. 
In cross section it has a marbled appearance. 
It has a pleasant and characteristic odour and a 
hot aromatic taste. 

Nutmeg starch is similar in appearance to the 
starches of the legjimes and shows a well- 
developed cracked Mum. It is not iridescent 
imder polarised h’ght. Its shape is extremely 
irregular and it varies in size from 5 to 50fi. 
A characteristic is the budded effect caused by 
the adherence of the smaller to the larger grains. 
The B.P. 1932 describes them as simple and com- 
pound grains with up to ten components, in- 
dividual grains more or less rounded, up to 20/a 
in diameter. 

The sole use of nutmeg is as a flavouring 
agent, but the volatile oil is employed in 
medicine as an aromatic and carminative. 
Owing to the shortage of hashish in Egypt in 
recent years, nutmeg has been employed as a 
substitute, since the symptoms of intoxication 
are similar.* The effects, however, may be 
much more severe and it is stated that whilst 
severe symptoms of poisoning may result from 
the consumption of half to one and a half nut- 
megs, death may be caused by two. The use of 
powdered, nutmegs in cocktails has also been 
followed by unpleasant symptoms. 

Composition . — The preponderating consti- 
tuents are a fixed oil, starch, albuminoids, and 
fibre; the flavour and therapeutic action are 
due to the volatile oil. 

According to Winton, Ogden, and Mitchell 
(U.S. Dept. Agric. Bureau of Chemistry, Bulletin 
66, 1902), nutmeg has the composition : 


Kax. Min. 

Moisture 10'83 6-79 

Ash, total 3-26 2-13 

Ash, soluble In water .... 1'46 0-82 

Ash, insoluble in HCl .... o ol 0-00 

Ether extract, volatile .... 6-94 2-56 

Ether extract, non-volatile . . 36-94 28-73 

Alcohol extract 17-38 10-42 

Reducing matter by acid conver- 
sion (calculated as starch) . . 25-60 17-19 

Starch by diastase method . . 24-20 14-62 

Crude fibre 3-72 2-38 

Nitrogen 1-12 1-05 


Similar figures, using different methods, were 
pubhshed by C. Aragon, Ann. Ealsif. 1915, 8, 
345. 

J. W. Corran and S. H. Edgar (J.S.C.I. 1933, 
62, 149 t) have shown that nutmeg, or its oil in a 
concentration of 1 in 2,600, exerts practically no 
preservative action against fermentation by 
ordinary yeast. The essential oil {v. infra and 
this Vol., p. 669d) is probably determined most 
satisfactorily by the method of Cocking and 
Middleton (Quart. J. Pharm. 1935, (VIII), 435), 
who record figures varying from 6-9 to 13-0% 
of volatile oil. 

Adulteration . — ^As nutmegs are almost in- 
variably sold whole, i.e., unground, adulteration 
is very rare in this country. 

The substitution of the Papuan (New Guinea) 
long nutmeg (Jf. argentea) cannot be regarded 


* Nutmeg contains nothing which shows the pharma- 
cological action of hashish in animals, so that anv 
reported similarity is superficial only. [Private com- 
munication from A. R. Todd.] 


as legitimate, being much inferior in flavour, 
stiU less that of wild nutmegs from M. mala- 
barica or other species of Myristica. These may 
be detected at once by the complete absence of 
aroma, and also by their different shape and 
size. Worm-:eaten nuts may be passed off aa 
sound after stopping the holes and coating with 
lime. This will be revealed by careful inspection. 
More or less exhausted nuts may be detected by 
the reduced fat content. 


Small worthless nutmegs, knorvn as grinding 
nutmegs, are frequently employed for this 
purpose, and the powder may contain curcuma, 
or various nut-sheUs. Admixture of the seed- 
coat (testa) may be detected by the presence of 
a large number of oblong hgnified cells, 'which 
gives the phloroglucinol reaction. The presence 
of Myristica argentea in powdered nutmeg may 
be shown by allowing concentrated sulphuric 
acid to flow into the sample. The secretion cells 
of Papua nutmeg show a carmine-red colour, 
and the rest of the parenchyma a dark yellorvish- 
red, both colours mingling to give a blood red 
which lasts for some hours. The substitution of 
Myristica argentea may be shown by treating an 
alcoholic extract with 3 parts of water and 1 
part of sodium hydroxide, ammonia, or baryta. 
Papua nutmeg, gives only a yellowish- white 
colour, while Banda nutmeg {M. fragrans) gives 
a strong reddish-yellow colour (R. Westhng, 
Svensk Farm. Tidskr. 1929, 33, 265). 

Standards . — The United States standards for 
nutmeg are as follows : The fixed ether extract 
shall not be less than 26%, the ash not greater 
than 6%, the ash insoluble in hydrochloric acid 
not greater than 0-5%, and the crude fibre not 
over 10%. 

T. McL. 

NUTMEG BUTTER (v. Myristica Eats, 
this Vol., p. 269a). 

NUTMEGS, ESSENTIAL OIL OF, 

The oil distflled from the fruits of Myristica 
fragrans Houtt., Earn. Myristicace®. Nutmegs 
are cultivated principally in the Moluccas but 
the tree grows in Penang, Sumatra, Singapore, 
Ceylon, and the West Indies, and has been 
introduced into Madagascar, Bourbon, and the 
Seychelles. Nutmegs yield from 7 to 12% of 
essential oil. 

Constituents . — The oil consists largely of 
terpenes. Pinene, camphene, and dipentene 
occur to the extent of about 60%, together ivith 
terpineol, bomeol, and geraniol, with traces of 
eugenol and isoeugenol, safrole, and m 3 Tistic 
acid. Myristicin, 3-methoxy-4:5-methylene- 
dioxyaUylbenzene, m.p. 36°, is converted by 
alkali into the propenyl compoimd, isomyristicin, 
m.p. 45°. ' 

0-865-0-926, ' -M0° to 


Characters . — 


“•D 

in 3 


volumes 


-1-46°, Wb 1-4:74-1-488. Soluble 
90% alcohol. Residue on rapid evaporation in 
a flat dish not more than 3%. 

Oil of nutmegs is mostly used as a flavouring 
agent, and medicinally in liniments and hair 
lotions as a mUd irritant. 

C. T. B. 

NUTRILITE is a term coined by R. J. 
Williams (Science, 1928, 67, 607) to include 
organic substances which in minute amounts 
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function in the nutrition of organisms of 
different types. Its meaning is similar to that 
of vitamin, except that the term vitamin% is 
usually, restricted to substances which are 

effective for animals. ^ K J W 

NUX VOMICA. (Noiz vomiquc, Fr. ; 
Krahenaugcn, BrecJimiss, Ger.) Stnjchnos «w.r 
vomica Linn, is a medium-sized deciduous tree 
which is found throughout south-eastern Asia 
and in northern Australia. The fruits are about 
the size, shape, and. colour of a small orange, 
and contain four or five hard and bitter seeds, 
which constitute the nux vomica of commerce. 
The diameter of the seeds is usually 15-25 mm. 
and the thicloiess varies from 3 to C mm. ; their 
shape is circular plano-convex and their colour 
greenish-grey with a sntin 3 ’ lustre duo to a 
closely appressed covering of fine hairs. 'I’hcy 
were introduced into Europe during the six- 
teenth centur 3 >- and have gradunll 3 - become an 
important article of materia mrJica. 

As a rule nux vomica is obtained from wild 
trees onl 3 ’. The principal countries of origin 
are India and Indo-China. . During 1925-33 the 
average exports from Indo-China were about 
500 tons per annum (Chemist and Druggist. 
1935, i, 77; 1938, ii, 137), while in the period 
1933-30 India exported an average yearh' 
quantit 3 ' of 2,400 tons {ibid. 19.37, ii,.2]). The 
amount of nux vomica collected in India is 
greater than the export figures would indicate, 
for India is herself a considerable producer of 
stiychniiie (Pharm. J. 1938, [i], 200, 450). 

Although nux vomica is the onl 3 ’ important 
source of str 3 ’chnino, small quantities of 
“ Ignatius Beans ” derived from S. Ignaiii 
Berg., a climbing plant of the Philippines^ are' 
occasionally offered on tho market. The seeds 
of both these plants contain brucine ns well ns 
stiychnine, ns also do the seeds or other plnnt 
parts of man 3 ' other species of Strychnos. .Such 
are, e.g. S. colubrina (Greenish, Pharm. J. 1879, 
[iii], 9, 1014); S. cinnamomifolia (Short, Year 
Book of Pharmnc 3 ’', 1924, 04()) ; and S. Ticutc, 
which is tho “ deadl 3 ' upas treo ” of Javn. <*?. 
liguslrina, however, was found to contain 
brucine ■ onl 3 ^ (Greenish, l.c.), and S. Blanda 
contained neither nlkaloid (Smnll, Phnrm. J. 
1915, [iv], 36, 510, 522). Cortnin poisonous 
species of Strychnos depend mninl 3 ' upon 
curarine for their acti\dt 3 '. 

For further particulars regarding nux vomica, 
see^ Oberlin and Schlagdenhnuffcn (J. Pharm. 
Chim. 1878, [iv], 28, 225) ; Dunstan and Short 
(Pharm. J. 1883, [iii], 13, 1053 ; 1885, [iii], 15, 1, 
1560) ; Rosoll (Monntsh. 1884, 5, 94) ; Greenish 
(Pharm. J., 1885, [iii], 15, CO) ; Ford, Ho Kni, 
md Crow {ibid. 1887, [iii], 17, 927) ; Fliick. n. 
Hanb. 428 ; Bentl. a. Trim., 178. 

_ The seeds of certain Strychnos species, contnin- 
mg less strychnine, resemble nux vomica so 
clo^ly that occasional adulteration originating 
wth the native collectors is almost inevitable. 
Ims has led at times to complaints that Indian 
seeds contained less Btr 3 mhnino than before 
and Krishna, Year Book Phnrm. 

633). Tho same dilBculty was cn- 
comtered when an attempt was made to estabhsh 
a biamese export (Pharm. J. 193G, [iv], 88, 38). 


Tho total allcaloid content of nux vomica may 
vary from 1 to 5%, but tho usual sample con- 
tains 2-2-2-8%. Tho corresponding figures for 
Ignatius beans aro 2-3%, of ivhich CO-75% [r>a 3 ’ 
be strychnino. According to Beckurts {ibid. 
1889, 20, 341) and Morrison and Bliss (J; Amcr. 
Pharm. Assoc. 1932, 21, 648, 753), roughly 40- 
45% of tho total alkaloids in nux vomica consists 
of sti^'chnino. Small (Pharm. J. 1913, 90, 510) 
maintained that sti^'chnino was concentrated 
mainU' in tho interior of tho seed and brucine 
mainl 3 - in tho outer ]a 3 'crs, but Puntnmbckar 
and Krishna (l.c.) could not confirm this. 
Similarlv le Coulf re and Van dor Widen (Pharm. 
Wcckblad, 1938, 75, 1329) could not verify tho 
statement of Rosent haler and Weber (Ber. 
Phnrm. Gcs. 1921, 31, .396) that the smallest 
.“ieods had tho highest alkaloidnl content. 

'Pile official requirements for tho strychnine 
content of nux vomica and its preparations in 
Britain and tho U..S.A. are ns follows: Kux 
vomica seeds and powder 1‘2% (U.S. 1-16%); 
Tincture of nux vomica 0'125% w/v (U..S. 
0-105-012,5%) ; Extract of nux vomica .5%; 
Fluid extract 1-5% w/v. The extracts are not 
ofiicial in tho U.S.P. 

For details of tho methods by which strychnino 
is determined reference should bo made to the 
respective Phnrmncopoeins. In the British jiro- 
ccss tho mixed alkaloids are liberated by 
ammonia and extracted with alcoholic chloro- 
form. After a procedure designed to purify 
tho alkaloids from extraneous matter, the mix- 
ture of brucine and stiychnine is treated with 
cold dilute sulphurie acid containing .some nitric 
acid. Under the conditions adopted all tho 
brucine is destroyed, while the more stable 
strychnine is not affected. Excess sodium 
hydroxide is now added and the base is trans- 
ferred to chloroform. After removing the solvent 
tho residue is titrated with O lx. sulphurie acid. 

Allen and Alljiort (Year Book of Pliarm. 1910, 
252; cf. ibid. 1912, 245) describe a colorimetric 
process based on the colour test of Malaquin ns 
modified by Deniges (Bull. Soe. chim. 1911, 
[iv], 9, 537). The assay occupies much less 
time than that of tho B.P., and, though not so 
accurate, is stated to be sufficiently so for routine 
work. The total alkaloid in tho powdered seeds 
is liberated b^’ pijierazino and extracted with 
boiling totrnchloroethylene. Transfer is made 
to dilute sulphuric acid and tho strychnine is 
precipitated ns tho sparingly soluble ferro- 
cyanide. Tho jirccipitato is reduced •with dilute 
hydrochloric acid and zinc amalgam, and sodium 
nitrite is added. A portion of the rcddisli liquid 
is matehed in a tintometer and tho value of tho 
red component is eorrcihtcd with tho quantity 
of Btrj'chnino iircsont ns given in a table. 

Dunstan and Short wore tho first to employ 
tho properties of tho hydroforrocj’anides in tho 
separation and estimation of Btrychnino and 
brucine. The method was elaborated by Beckurts 
(Arch. Pharm. 1890, 228, 347) and Gadreau 
(J. Pharm. chim. 1927, [viii], 6, 145) among 
others. Gumming and Broum (J.S.C.I. 1928, 
47, 647’r) regarded tho Boparation ns approxi- 
mate onij’', but Kolthoff and Lingano (J. Amor. 
Pharm. Absoc. 1034, 23, 302) considered it was 
accurate if suitable precautions were taken. 
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Strychnine, CjiHazO^N^.-was isolated from 
nux vomica seeds in 1818 by Pelletier and 
Caventou (Ann. Cbim. Phys. 1818, fii], 10, 14; 
1823, [ii], 26, 44). That strychnine is also present 
in the bark was shown by Shenstone (Pharm. J. 
1878, [iii], 8, 445 ; 9, 154).' 

Preparation. — ^The following process may be 
used for the extraction of bruoine and strychnine 
from the finely powdered seeds of S. mix 
vomica. The powder is made into a paste with 
water and one-fourth its weight of slaked hme. 
The mixture is thoroughly dried^ on the water- 
bath and the mass is powdered. " The alkaloids 
are now dissolved from it by hot percolation 
with a suitable solvent, such as chloroform, in 
an extraction apparatus. The solvent is shaken 
out with sulphuric acid and the sulphates are 
crystallised. Alternatively the alkaloids may 
be regenerated and extracted with 26% alcohol, 
or noth acetone, which dissolves the bruoine and 
leaves behind most of the strychnine. 

Nux vomica seeds are very tough, and on the 
large scale they are sometimes steamed, or auto- 
claved with water, to soften them before dis- 
integration. Descriptions of industrial processes, 
which do not differ greatly from the above, are 
given by Chemnitius (Chem.-Ztg. 1926, 50, 845), 
and by Watson and Sen (Quart. J. Indian Chem. 
Soc. 1926, 3, 397). 

Properties. — Strychnine forms rhombic prisms, 
m.p. 268°, and distils rvitbout decomposition at 
270°/5 mm. (Loebisoh and Schoop, Monatsh. 
1885, 6, 858). Warnat (Helv. Chim. Acta, 1931, 
14, 997) gives the m.p. as 286-288° and [a]D 
—110° in 80% alcohol and —139-3° in chloro- 
form. Very slightly soluble in water (1 in 6,667 
at 15°; 1 in 2,500 at 100°), giving an aUraline 
solution the bitterness of which is stiU per- 
ceptible on dilution to 1 in 700,000. Solubility 
in 90% alcohol 1 in 170 (cold), 1 in 12 (boiling) ; 
ether 1 in 5,500 ; chloroform 1 in 6 ; benzene 
1 in 150 ; amyl alcohol 1 in 180. 

Strychnine is a moderately strong monoacidic 
base. The hydrochloride, B,HCI,2H20, which 
is official in the British Pharmacopoeia, forms 
prisms soluble in 35 parts cold water and 73 parts 
90% alcohol. On the continent, and in Japan, 
the nitrate, BjHNOg, is largely used; this 
crystallises in needles soluble in 80 parts water 
at 18°, in 45 parts at 25°, and in 45 parts alcohol. 
In the U.S.A. both the nitrate and the sulphate, 
B2,H2S04,5H20, are employed ; the latter salt 
forms prisms soluble in 31 parts water at 25°, and 
in 126 parts alcohol. Of the other salts the 
hydroferrocyanide, chromate, thiocyanate, and 
hydroiodide are sparingly soluble- Strychnine 
picrale, m.p. 270°, forms greenish-yellow rosettes, 
the individual crystals of which are often curved 
in a characteristic manner (Nelson and Leonard, 
-J. Amer. Chem. Soc. 1922, 44, 369). It is stated 
to be much less soluble in acetone than the 
piorates of most other alkaloids. 

Uses. — Strychnine is employed as a bitter 
tonic and as a heart stimulant, the usual dose 
being 1-4 mg. As little as 32 mg. has been 
known to cause death. In poisonous doses it 
gives rise to tetanic spasms, owing to the greatly 
increased excitability of the spinal cord, and 
death eventually supervenes through failure of 
respiration. More -than half the world’s produc- 


tion is used for killing vermin, especially rabbits, 
rats, and gophers, Li this coimtry, however, its 
employment for this purpose is restricted to the 
killing of moles, under certain conditions. 

Reactions and Detection. — Strychnine, which 
is One of the most stable alkaloids, is not 
coloured or decomposed by sulphuric acid at 
100°. This property is made use of in toxicology, 
to free the alkaloid from extraneous impurities. 
It dissolves in nitric acid, giving at most a 
yellow colour. A striking colour reaction was 
described by Marchand (J. Pharm. chim. 1843, 
[iii], 4, 200). In this test a small quantity of the 
alkaloid is dissolved in a few drops of concen- 
trated sulphuric acid, and a minute fragment of 
potassium dichromate or other oxidising agent 
is stirred in. A play of colours is observed, 
beginning with blue and passing through violet 
and red to yellow. Only curarine behaves 
exactly like strychnine, and this is coloured 
blue by sulphuric acid alone. To prevent the 
colours being obscured the alkaloid must first 
be isolated in as pure a state as possible. In 
particular bruoine, which gives a deep red colour 
when oxidised, must be completely removed if 
present. This alkaloid may, however, be selec- 
tively oxidised with nitric acid, the strychnine 
being recovered (Shenstone, l.c. ; Hanriot, 
Compt. rend. 1883, 97, 267 ; Gerock,- Arch. 
Pharm. 1889, 227, 158) ; or the mixed alkaloids 
may be washed with chlorine water, when di- 
chlorohrncine is formed and dissolves, leaving 
a residue of strychnine (Beckurts, ibid. 1890, 
228, 326). 

Brucine, C23H2e04N2, was isolated from 
nux vomica bark and seeds in 1819 by Pelletier 
and Caventou (Ann. Chim. Phys. 1819, [ii], 12, 
118 ; 1823, [ii], 26, 53). Usually about 55-60% 
of the alkaloids present in the seeds consists of 
brucine. The aUtaloid contained in the bark 
may reach 7-8%, and is almost entirely brucine. 

Preparation. — The total alkaloid having been 
extracted by the method described for strych- 
nine, the mixture is repeatedly washed with 
25% alcohol, and the brucine is crystallised from 
the solution and recrystallised several times 
from the same solvent, the fractions which 
crystallise latest being pure brucine. Alterna- 
tively the mother-liquids from strychnine may 
be concentrated and the alkaloids precipitated 
as neutral oxalates. The precipitate is dried 
and extracted with absolute alcohol, in which 
the strychnine salt is the more soluble. The 
alkaloid from the residue is regenerated and 
purified as sulphate. According to Pluckiger, 
if the mixed alkaloids are converted to acetate, 
and the solution is evaporated to dryness on the 
water-bath, the strychnine salt dissociates and 
acetic acid volatilises. The bruoine acetate is 
unchanged and may be dissolved from the 
residue by cold water. 

Properties. — Brucine separates from its solu- 
tions in water or weak alcohol in monoohnic 
prisms containing 4H2O, m.p. 105°, or with 
2H2O from alcohol (Moufang and Tafel, 
Annalen, 1889, 304, 24). The crystals lose their 
water at 100°, or on standing over sulphuric 
acid, and the anhydrous substance melts at 
178° (Claus, Ber. 1881, 14, 773). It has [a]jj 
—85° in alcohol, —120° in chloroform (Oude- 
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mans, Annalen, 1873, 166, 69). Solubility in 
water 1 in 320 (cold), 1 in 160 (boilmg). In 
alcoliol it is soluble to the extent of 1 in 2-2 at 
25°, in cbloroform 1 in 8-7 at 25°, and in other 
1 in 133. Brucine and its salts are bitter and 
when injected subcutaneously into animals pro- 
duce a physiological action similar to that of 
strychnine but much feebler. Internal admini- 
stration produces little effect, owing chfc/ly to 
the rapidity of elimination (Brunton, J.C.S. 
1885, 47, 143)- Bracino is a monoacidic tcrtiar3' 
base’; the sulphate, cr3'stal- 

lises in long needles and like most of the other 
salts is more soluble than the corresponding salt 
of strychnine. The h3’droiodido is, however, less 
soluble' than the strychnine compound (Shen- 
stone, ibid. 1881, 39, 45G). 

Beaclions and Detection. — ^Brucine, unlike 
strychnine, does not give rise to a play of 
colours when oxidised with chromic acid. etc., 
only an intense red coloration being produced. 
A deep red colour is also obtained on dissolving 
brucine in nitric acid, or, better, on dropping 
nitric acid into a solution of brucine in sulphuric 
acid ; this is a vcr3’ delicate test both for brucine 
and nitric acid. Tlic coloration 1003' be di.s- 
tinguished from that produced when certain 
other alkaloids arc treated with nitric acid b3' 
the action of stannotis chloride or other reducing 
agent, which, when cautiousl3' added, changes 
the colour to violet -{Wober, Z. angew. Cliem. 
1918, 31, 124). 


Uses . — ^In the U.S.A. brucine is used to de- 
nature industrial alcohol, but .so far n.s Britain 
is concerned its cmplo3’mcnt in this manner is 
confined to surgical spirit, which mn3’ contain 
not more than 0-015% of brucine [Poisons 
(Amendment) Rules, 1912]. 

Minor Constituents of Nux Vomica, — 
Biinstan and Short (Phnrm.J. 188 1, [iii], 14, 102.5) 
isolated a glucosido, ni.p. 215°, from tho seeds 
and fruit-pulp of nux vomica, and named it 
“ loganin.” This -was found 1)3' Roscnthalcr 
(Sweiz. Apoth. Ztg. 1923, 339) to be a inixttire, 
of which the principal constituent wa.s identical 
■with the glucosido meJialiv extracted by Bridel 
(Compt. rend. 1911, 152, 1691) from the’ marsh 
trefoil. Bride] gave m.p. 222°, [ajj, - 82° (water) 
for the pure substance, and, following hi.s sug- 
gestion (Bull. _Soc. Chim. biol. 1923, 5, 800), tho 
name “loganin” has now been supplanted hv 
meUatin. Tho “ igasurie acid” of PelleticV 
and Cavontou (Ann. Chim. [ii], 10, 167; 26, 
54) was further discussed by Ludwig (.-Vrcli. 
Pharm. 1856; [hi], 2, 137), r.orriol (.T. Pharm. 


cliim. 1833, 19, 155), Marsson (Annalen, 1849, 72, 
296), Sander (Arch. Pharm. 1897, 235, 133). 
According to Gortcr {ibid. 1909, 247, 197) and 
Tnnmann (Pharm. Post. 1918, 341) it is identical 
with cJdorogcnic acid from coffee berries, i.c., 
rvitli 3-[3:4-dihydro.xycinnamoyl]-l-quinic acid. 
Other constituents are 11% proteins, mucilage, 
sugar, and about 4% of a fntt3' oil. See Mo3'er 
(J.O.S. 1875, 28, 858); Greenish (Pharm. J. 
1882, [hi], 12, 581) ; Harvey and Wilkes 
(J.S.C.I. 1905, 24, 718); Watt and Angus 
{ibid. 1916, 35, 201). 

See also STRYcirsos Ar.KAi,oiD,s. 

R. G. J. and H. E. W. 

NYCTANTHES ARBOR-TR ISTIS 
Linn., a largo shrub with rough leaves and 
sweet-scented flowers, occurs in tho sub- 
Himnla3'nn and Tarai tract.s, and also in Central 
India, •Burma, and Cc3ion. TIio orange corolla 
tubes of tile flowers give a beautiful but fleeting 
d3'0 which is mostl3* used for silk, sometimes in 
conjunction with safflower or turmeric, occasion- 
all3’ with indigo and Icath (c. Vol. IT, 433c). 
Tho bark of tho tree is said to bo cmplo3'cd for 
tanning; the leaves appear to bo u«cd 
tncdieinalh' (Watt, “ ])ictionnr3- of the 
Economic Products of India,” 1891, 5, 431). 

From an ariueous extract of the flowers. Hill 
and Sirkar (.I.C.S. 1907, 91, 1501) molatcd 
mannitol and a red colouring matter, mjetanthin, 
which Perkin {ibid. 1912, lOl, 1539) showed was 
identical with the colouring matter obtained 
from the flowers of the Ccdrcla Toona Roxb. 
.Snl)scqucnll3’, Knhn and Wintorslcin (Helv. 
Chim. Acta. 1929, 12, 490) e.stnblislied that 
nvclanthin is identical with crocctin (r. Vol. 
lir, 42Sc: Vol. n, 410u). 

From the leaves Lai ami Diilt (Bull. Acad. 
Sci. Agra and Omlli, 1933, 3. 83) obtained 
mannitol, a resin, a glncoside, imj). 71°, gluco.se 
and a trace of essential oil, Imt no alkaloid could 
ho detected. The rcsnlt.s of n chemical examina- 
tion of the fixed oil from the seeds of Kuctnnthr.i 
arboririsli.’! arc recorded hv Varistha (.T. Benare.s 
Hindu Univ. 1938, 2. 343). 

For dyeing purposes liie inateriai (silk or 
cotton) is simplv steeped in a hot or cold 
decoetion «)f tho flowers. 'J'ho addition of alum 
and lime juice to the d3-c-bafh is said to rcTider 
the colour more permanent. 

E. J. C. 

NYCTANTHIN (t-. Vol. If, 439d). " 

NYLON {v. Vol. IV, ]25d; V, 1125, 1135, 
126a). 


OATS {v. Vol. il, 4895). 

OBERMULLER TEST (u. Vol. IV, 547d). 
OBTUSATIC ACID {v. Vol. VII, 29G(/). 

OCHRE. The majority of natural mineral 
pigments, of which ochres are’ tho most im- 
portant, owe their colour to iron in tho form of 
e hydrous oxide, “ limonitc,” or tho anh3'drous 
emc oxme, liematito, and to a lessor extent to 
osdes of manganese. Yellow ochre, tlio com- 
nest natural pigment, consists of yollojvish- 


0 

brown limonito together with var3'ing amounts of 
cla3% Bilicrous matter, and other impurities. Tho 
iron oxido content vnric.s from 15 to 30% or 
more. It is Icnown by many names, including 
blincral Yellow, Pormanont Yclloiv, Roman 
Earth or Ochre, Cliincso Oohro, etc. Tho host 
varieties are leinon-yelloAv to golden-yellow. 
With increasing iron tho colours usually shade 
towards yollow-hroivn (‘ionnn), though no 
sharp division exists hotween ochro and sionna 
in either colour or iron content. The value of 
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an ochre depends more upoii its physical 
properties than upon its content of ferric oxide, 
and is also dependent upon its degree of oil 
absorption. Sometimes the crude ochre can be 
used after having been simply dried and ground, 
but a certain amount of -washing is usually 
desirable before drying and pulverisation. 
When roasted the yello-sv ochres yield reddish- 
brown colours (burnt ochre), due to the con- 
version of limonite to the red ferric oxide, 
hematite. Red ochre is a natural pigment 
resembling burnt ochre, its colour being due to 
the presence of abxmdant hematite. The name 
golden ochre is applied to both the natural golden- 
yellow ochre and to yellow ochre that has been 
toned with up to 16% of chrome yellow. Qreen 
ochre, also called green earth, terre verte. 
Celadon green, etc., is the only important 
natural mineral green. It is a low-tinting pig- 
ment used widely as a base for cheap lakes, and 
consists largely of ferro-magnesian silicate 
minerals such as chlorite. Umber is an ochre 
containing manganese oxides (MnOj 7-23 and 
FegOg 26-60%) and often organic matter. It 
has a darker shade of brown than sienna, and 
when roasted it is converted to a deep red burnt 
umber. 

Ochres are of widespread occurrence, though 
indi-vidual deposits are usually small and of 
sporadic distribution. The deposits result from 
the prolonged weathering of ferruginous rocks, 
which may have originally contained only a 
small proportion of iron. Some iron ores serve 
as red or brown mineral pigments. Many 
oohreous deposits occur in rook ca-vities and 
fractures, or accumulate in old mine workings, 
the iron having been leached out of the surround- 
ing rooks by percolating waters, especially when 
iron pyrites is present. The annual world pro- 
duction of ochres and umbers probably exceeds 
100,000 tons. 

Ochres are used extensively as protective 
paints on steel and ironwork. Low-grade 
varieties serve as combined pigments and fillers 
in the manufacture of linoleum, oilcloth, and 
inferior mixed paints, whereas high-grade 
ochres are employed in making superior mixed 
and paste-paints, and occasionally in the 
preparation of artists’ coloius. Some of the 
best yellow ochres are obtained from France, 

In mineralogy the term “ ochre ” is also 
applied to numerous earthy metallic oxides 
resulting fi-om the decomposition of metallic 
minerals, e.g., antimony-ochre, bismuth-ochre, 
vanadic-ochre, and wolfram-ochre. 

, References. — B. Badoo, " Ron-Metallic Minerals,” 
New York, 1925, p. 368 (comprehensive) ; H. Wilson, 
in “ Industrial Minerals and Bocks," American Insti- 
tute of Mining and Metallurgical Engineers, Rew York, 
1937, Chap. XXVIII (good bibliography) ; S. J. 
Johnstone, ” Minerals for the Paint Industry,” J. Oil 
and Colour Chemists Assoc., 1941, 24, 263; B. W. 
Pocook, " Ochres, Embers, and other Ratural Earth 
Pigments of England and Wales,” Geol. Survey Great 
Britain, 1942, Wartime Pamphlet Ro. 21. 

D. W. 

OCIMENE, 

HgCiCMeCCHaVCHrGMe-CHiCHa 
Me2C:CHCH2-CH:CIVle-CH:CH2, . 
b.p. 81/30 mm. pi® 0'8031, l-48fi7 occurs in a 

nurdber of -essential oils, inter alia those from 


the leaves of Ocimum hasilicum Linn., 0. 
gratissinium Linn., and Honoranthm flavescens 
(v. Tebpenes). 

J. L. S. 

OCTANE NUMBER. Octane number is 
a unit commonly used as a measure of the 
tendency of a fuel to cause detonation (pinking 
or knocking) in spark-ignition engines. It is 
numerically equal to the percentage by volume 
of 2:2:4-trimethylpentane (isooctane) which must 
be blended -with ?t-heptane to give a blend having 
the same tendency to detonation (antiknock 
value) as the test fuel under specified conditions 
in a test engine. The octane number is one of 
the most important properties of a fuel intended 
for use in spark-ignition engines, as will appear 
in the sequel. 

Detonation. — In a spark-ignition engine a 
mixture of air with atomised and partly 
vaporised fuel is admitted to each cylinder and 
is compressed by the movement of the piston 
during the compression stroke. The mixture is 
then ignited by the passage of an electric spark 
across the terminals of the spark plug. Owing 
to the heat evolved by the strongly exothermic 
combustion reaction, and, to a lesser extent, to 
the increase in the number of molecules, the 
combustion results in a considerable increase of 
pressure in the combustion space of the'engine, 
the pressure rise providing the power which 
drives the engine. 

The flame starts at the spark plug and, in 
normal non-detonating combustion, travels 
smoothly across the combustion space at a speed 
of the order of 60-100 ft. per second. Owing to 
the pressure rise incident on combustion, the 
imburnt fuel-air mixture ahead of the flame is 
progressively compressed and its temperature 
therefore increases. When the fuel and engine 
operating conditions are such that detonation 
occurs, the unbiunt fuel-air mixture ahead of 
the flame suddenly ignites spontaneously, and 
the remainder of the mixture burns at a much 
greater rate than in normal combustion. 
Rassweiler and Withrow have demonstrated this 
very clearly by taking high-speed photographs 
of the flame in an engine fitted -ndth a trans- 
parent quartz window in the cylinder head 
(Trans. Soc. Aut. Eng. 1936, 31, 297). This 
spontaneous ignition causes a sudden increase 
in pressure, gas vibrations, and impacts on the 
walls of the combustion chamber, which give 
rise to the characteristic “ metallic ” noise 
associated with detonation (idem, Aut. Eng. 
1934,24,281,386). V ... 

Detonation must be carefully distinguished 
from pre-ignition, which is due to the ignition 
of the mixtme by incandescent carbon deposits, 
overheated spark-plug points, etc. Pre-ignition 
occurs before, detonation after passage of the 
spark. Of two fuels, A and B, A may have the 
better detonation, B the better pre-ignition 
characteristics. 

The occurrence or non-occurrence of detona- 
tion depends oh the characteristics of the fuel 
and on the design and operating conditions of 
the engine. The engine and operating factors 
affecting detonation are compression ratio, 
degree of supercharging, spark advance, mixture 
strength, speed, mixture temperature, cylinder 



633 


OCTANE NTOffiER. 


temperature, shape and physical dimensions of 
the combustion chamber, design of valves and 
valve ports (which affect swirl or turbulence of 
the mixture), amount of oil burned, etc. In- 
crease of compression ratio, greater super- 
charging and advance of spark all increase the 
tendency to detonation. Detonation is a 
maximum at a mixture strength some 15-20% 
greater than that indicated by the chemical 
equation for complete combustion. 

At the end of the compression stroke the mix- 
ture reaches a pressure of the order of 10-15 
atmospheres and a temperature of the order of 
300-400°o., depending on the _ engine and 
operating conditions. Even before the passage 


of the spark appreciable oxidation of the fuel can 
occur. cooling the exhaust gases from an 
engine motored, without sparking, Pclotior, 
Hoogstraton, Smittenberg, and Kooyman ob- 
tained, in addition to unchanged fuel, an aqueous 
liquid containing 30% by wt. of peroxides ; 
addition of this liquid to the fuel charge to an 
engine operating near the detonation limit 
caused violent detonation (Clmlcnr ct Ind. 1939, 
20,120). . , , 
Withrow, Lovell, and Boyd determined the 
oxygen content of gas samples taken from 
different points in the combustion chamber and 
at various times during the worlving stroke, and 
thus showed that a comparativol}' narrow band 
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of combustion travels outward from the sparli 
plug and that combustion is practically com- 
pleted in this narrow zone (Ind. Eng. Chom. 
1930, 22, 945). Chemical analj'sis and spectro. 
seopic observations of engine tlanics through a 
quartz “ window ” have also shown tlmt 
formaldehyde is always present in the unlnirnt 
gas which is about to knock (Withrow and 
Kassweiler, ibid. 1934, 26, 1266; Egorton, 
Ubbelohdo, Phil. Trans. 1935, A, 
334, 433 ; Ubbelohdo, Drinkwator, and Egorton, 
Prpe. Boy. Soc. 1935, A, 163, 103). Egorton 
e al. (t.c.) also showed that the maximum con- 
centrations of aldehydes, and especially of 
peroxides, are greater in Icnoclung than in 
normal combustion, typical results being given 
in 1 (T.D.C.=top dead centre, U , the 


po.sition of the piston at tho point of maximum 
compression). The line marked " Flame ” 
indicates tho position of the piston wlion the 
flame reached tlio sampling valve. Tho per- 
oxides ronsisted mainly of nitrogen peroxide, 
but small quantities of organic peroxides, 
behaving like eth}-! hydrogen peroxide, wore 
also detected. 

Tho oxidation of hydrocarbon fuels in an 
engine cj'lindor undoubtedly occurs by a chain- 
reaction mechanism, which is characterised by 
an induction ]joriod followed by a rapidly iii- 
creasing reaction rate ; in tho later stages the 
rate decreases as tho reactants are consumed 
(c/. Pease, J. Amor. Chom. Soc. 1929, 51, 1839). 
Although tho temperature and pressure at tho 
end of tho compression stroke lie well within tho 
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icfnition regions of iiydrocarbons, the time avail- 
able (of the order of 0-015 second) is normally 
less than the ignition lag (induction period), so 
that, in the absence of “ hot spots ” (pre-. 
ignition), true combustion is initiated by the 
spark. In the unbumt gas ahead of the flame, 
hoTverer, the temperature and pressure may 
rise to over 700°c. and 30 atm. respectively, 
under -n-hich conditions the ignition lags are 
much shorter, and it is possible for spontaneous 
ignition and detonation to occur. 

The mam sequence of reactions involved in 
the oxidation of paraffin hydrocarbons in an 
engine is probabty as foUovs, though chain 
branching can occur (adapted from von Elbe 
and Lems, Ind. Eng. Chem. 1937, 29, 651) ; 


R-CHa'CHg 5- R-CHyCHyOOH (i) 

R-CHyCHyOOH R-CHyCHO-fHjO (2) 

R-CHyCHO-hOg R-CHyCO-OOH (3) 

^ ^ I , surface 

R-CHyCO-OOH > 

R-CHyCOO-f-OH (4) 

0H-fR-CHyCH3=R-CHyCH2-(-H20 (5) 
R-CH2-CH2-)-02=R-CHyCH200 (6) 

R-CHyCHaOO^R.CHO-bCHgO (7) 

CHgO-^CO-bHgO-bOH (8) 

R-CH O formed in (7) can then go through the 
senes of reactions starting at (3), and so on. 



Fig. 2. 


With isomeric paraffins, oxidation staits at the 
end of the longest alkyl group. 

The oxidation of higher olefins in an engine 
follows a course similar to that of the higher 
paraffins, starting at the end of the molecule 
and not at the double bond. In the case of the 
lower aromatics, the mechanism is less well 
established. 

Measurement of Octane Number. — 
Early attempts at measuring the antiknock 
values of fuels were made using existing single 
or even multi- cylinder engines, fuels being com- 
pared on the basis of the spark advance or 


throttle opening required to give the same 
degree of detonation. One of the first engines 
specifically designed for the purpose was the 
E.35 engine (Ricardo, Aut. Eng. 1921, 11, 61, 
92, 130). In this engine the compression ratio 
could be varied mthin -wide Umits during 
operation by raising or lowering the cylinder 
relative to the rest of the engine. The com- 
pression ratio at which a specified degree of 
slight detonation was obtamed under stan- 
dardised operating conditions was called the 
H.U.C.R. (highest useful compression ratio) of 
the test fuel. 
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■Midslev devised a knock indicator Icnovn as 
the “bouncing pin” (J. Soc. A’ut. Eng. 1922, 
10 V) vhich provided a means of measuring 
detonation- intensity in place of its estimation 
by the ear. A modified form (sec below) is at 
present videly used. 

It vas obviously necessarj' to have a uniform, 
reproducible and generally accepted procedure 
for determining the Imock characteristics of 
fuels end in 1928 a sub-committee of the C.F.R. 
(C!o-operative Fuel Research) Committee -vvas 
formed in the U.S.A. to develop a suitable engine 



and procedure. The engine now used (Fig. 2) 
IS a 4-strokc engine, the compression ratio of 
which is infinitely variable during operation 
between 3:1 and 30:1, the normal working range 
being froin 4:1 to 10:1. It is liquid cooled, to 
tacilitato accurate control of cylinder tempera- 
ture. The spark advance is automatically 
vaned TOth the compression ratio, and means are 
provided for indicating the spark advance while 
the engine^ is running. The carburettor is 
provided with three float bowls, which can bo 
raised or lowered to permit accurate adjustment 
ot mixture strength; the multiple iloat-howl 
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design facilitates the rapid cliangc-ovcr from 
test fuel toTcference fuels and vice x-ersa. 

Intensity of detonation is measured with the 
aid of a bouncing pin (Fig. 3). This instrument 
is screwed into the cylinder head appro.vimately 
at tlio point wdioro detonation occurs. The 
terminals aro connected to an electric circuit 
comjirising a resistance heating-coil located near 
a thermocouple; thus the potential produced 
bj' the thermocouple depends on the iieriod of 
time that the bouncing-pin contacts arc closed. 
The tensions of the leaf springs on which the 
contacts arc mounted arc adjusted so that the 
circuit is not closed by impulses caused In' 
normal combustion pressures. When detona- 
tion occurs, the resulting rapid increase in 
cylinder pressure throws the bouncing pin off 
the thin steel diaphragm and closes the circuit 
for a period of time depending on the intensity 
of detonation. The potential produced by the 
thermocouple is measured on a millivoltmeter, 
which is called a fcnocfcnioter and is calibrated 
from 0 to 100. 

Briefly, the octane number test is carried out 
by adjusting the compression ratio to give a 
specified knockmeter n'ading (intensity of 
detonation) with the test fuel, and bracketing 
the latter, on the basis of knockjneter readings, 
between rcfcrt'iice-fucl blends, one blend being 
slightly higher and the other .slightly lower in 
antiknock value than the test fuel. The primarj' 
refenmee fuels an' pure i'ooctano (2:2:l-tri- 
mcthyljK-ntanc) and pure n-licptanc. 'JVsts are 
normally made against secondary reference fuels 
such as technical isooctanc and various stable 
gasolines, with or without additit)n of Ethyl 
fluid, the results iK'ing converted to octane 
numbers by use of an established conversion 
table or eliarl. The engine operating conditions 
wen' ebo.sen to give the I)csl ct>rrelation with the 
antiknock ])erformance of fuels in cars on the 
mail and the method is tbereforo Kometimes 
known as the “ Motor Method.” The more im- 
portant- conditions are summarised in Table I. 


'lAllI.i; I. — I’ltlNCII’.M. ('O.VDITIONS roi’. 
Knoc'k-uatinc Ti:st Mutiiohs. 




Mctliod. 



Motor. 



Spccil, r.p.tn. 

000 

COO 

1,200 

.Tnckct temp., 'v. 


n|0 

374 

.Spark ntlvance, 
(Icftrcca 

.-Vuto- 

matically 

varied. 

13 

3.3 

Int.'ikc air temp., 
'r. 

Itoorn. 

igq 

125 

Mixture temp., 'F. 

300 

Xo lieat 
applied. 

220 

Mixture strcnRtli 

For max. 
knock. 

For max. 
knock. 

For max. 
tliermal 
liluR temp. 


This method has boon adopted ns standard by 
tho Inslituto of Petroleum and by the American 
Society for Testing jMaterials (A.S.T.I\I.). 
Another method, the A.S.T.Jl. Research Jlcthod. 
omplo3's somewhat milder conditions. It is 
intended purely for research purposes, the 
difforeneo hotwcon tho IRcsoarch und Motor 
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Metiod octane numbers giving a rough estimate 
of the sensitivity of fuels to changes in engine 
conditions. The Research and Motor Method 
octane numbers of paraffins do not usually 
differ by more than a few units ; for olefins and 
aromatics, however, the Research Method 
usually gives distinctly higher results, while tJie 
few available results on cycZoparaffins do not 
permit generalisation. A third method, the 
1-C (see Table I), now officially designated E-3 
in the U.S.A., was developed to correlate with 
ratings in aircraft engines under weak-mixture 
cruising conditions. Apart from differences in 
engine conditions, the 1-C (F-3) method specifies 
a thermal plug instead of a bouncing pin as a 
measure of detonation. The thermal plug is, 
in fact, a thermocouple, so that fuels are com- 
pared on the basis of the temperature rise, rather 
than the rate of pressiue increase, incident on 
detonation. The engines used for all three 
methods are similar, though not identical. 

Effect of Engine Conditions. — ^The order 
in which fuels are rated depends to a considerable 
extent on the engine conditions employed. 
Fundamentally the incidence of detonation 
depends on the condition (pressure, temperature) 
of the gaseous fuel-air mixture at the point 
where detonation occurs. Since reactions in- 
volving induction periods are concerned, time 
is also a factor, and thus engine speed has an 
important effect. Speed and the design of 
valves and valve ports also control the degree 
of turbulence and thus the rapidity of the com- 
bustion. In general, an increase in speed raises 
the knock ratings of paraffins and cycZoparaffins 
relative to those of aromatics, though exceptions 
occur (Lovell, Amer. Petroleum Institute, 
Second Annual Report, 1st September, 1939, 
and 31st August, 1940). Fuels differ consider- 
ably in regard to the effect of boost pressure 
(degree of supercharging) ; the knock ratings of 
cycZoparaffins, and to a greater extent of 
aromatics, usually are higher, in relation to that 
of 2:2:4-trimethylpentane, the higher the boost 
pressure, wiule considerable differences are found 
between even closely related branched-chain 
paraffins. Higher engine temperatmes, due to 
increase in jacket or mixture temperatimes, 
normally decrease the knock ratings of aromatics 
relative to ct/cloparaffins or paraffins. 

Mixture strength has an important effect both 
on the absolute and relative knock ratings of 
fuels, and this effect is of greater significance in 
the case of aero-engines than in the case of cars, 
owing to the difference in the conditions of 
operation. Quite apart from any limitations 
due to detonation, increase of mixture strength 
up to approximately 150% of that indicated by 
the “ chemically correct ” mixture results in a 
considerable increase in power, though at the 
cost of increased fuel consumption. Rich mix- 
tures are therefore used for take-off, where high 
power is needed for a short time. On the other 
hand, for cruising, a low fuel-consumption is 
required because range of operation and payload 
are limited by the quantity of fuel carried, and 
mixtures slightly weaker than the “ chemically 
correct ” are used. Thus the antiknock values 
of aviation fuels of both rich and weak mixtures 
are of great practical interest. 


Fig. 4 shows rwo typical mixture response 
curves, that is, curves giving the relation 
between mixture strength (fuel-air ratio) and 
the power output as limited by incipient detona- 
tion. In testing aviation fuels, the power out- 
put is altered by varying the degree of super- 
charging (boost pressure) at constant com- 
pression ratio. Fuels are rated by establishing 
mixtiu-e response curves for the test fuel and for 
a reference fuel of known rating. It is common 
practice to plot specific fuel consumption (lb. 
per h.p.-hr.) instead of fuel-air ratio, as the two 
.are related and this procedure avoids the compli- 
cation of accurately measuring the air flow 
through the engine. In the case of rich mixtine 
ratings, the test fuel and reference fuel are com- 
pared at the specific fuel consumption corre- 
sponding to the maximum point on the mixture 
response curve of the reference fuel. Thus, if 
the accepted rich mixture rating of the reference 
fuel is 100 and the power outputs obtainable with 
the test and reference fuels are x and y respec- 



Specific Fuel Consumption 


Fig. 4. 

tively, the rich mixture rating of the test fuel 
is 100 (xjy). 

Although the 1-C (F-3) rating has been widely 
used as an indication of weak-mixture per- 
formance, this is not necessarily true for all 
engines and in any case it is necessary to check 
the degree of coirelation between the laboratory 
ratings and those in full-scale engines. The 
method adopted for determining the weak- 
mixture ratings of fuels in full-scale engines is 
briefly as follows. Referring to Fig. 4 it wiU be 
noted that at weak mixtures each cmve passes 
through a minimum. Just on the rich-mixture 
side of this minimum is a point marked “ mini- 
mum boost point.” This is the point of maxi- 
mum tendency to detonation; at richer or 
leaner mixtures, higher boost pressures can be 
used before detonation is encountered. The 
shape of the curve on the weak-mixture side of 
this minimum boost point is due to a compromise 
between two factors. The slower rate of burning 
of the weaker mixtures decreases the tendency 
to detonation and allows higher boost pressures 
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to be used, while the smaller proportion of fuel 
in the weaker mixtures tends to reduce tho power 
output. The minimum boost point corresponds 
approximately to the specific fuel-consumption 
under economical cruising conditions, i.c., 
slightly weaker than tho “ chemically correct ” 
mixture strength. If tho weak-mixturo rating 
of the reference fuel is taken as 100 and the 
mmi'miiTn boost points of tho test and rofcrencc 
fuels occur at boost pressures, in absolute units, 
of p and q respectively, then tho weak mixture 
rating of tho test fuel is 100 (p/q) 

Tho curves in Fig. 4 illustrate tho fact that 
one fuel may be better than another at rich 
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mixtures, but that tho order of rating may bo 
reversed at weak mixtures. 

For specifying the antiknock value of aviation 
fuels, tho present trend appears to bo towards 
the use of rich azid weak mixture ratings as out- 
lined above, instead of octane number, though 
the latter unit is still in use. Octane number 
will probably bo used for motor gasolines for 
some time to come. 

Significance of Antiknock Value. — 
So far ns motor-car engines nro concerned, the 
antiknock value of tho fuel is mainly important 
in sotting a limit to tho compression ratio that 
can be used. As in all thermodynamic cycles, 
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h^her compression ratios result in greater 
einciency and hence increasod power and im- 
proved acceleration. Knock tests with ears 
on the road have shown that tho A.S.T.M. octane 
number of a fuel is a good indication of its actual 
knocking tendency in tho average car. 

m aero engines, a high nntilcnock value at 
nc^ mixtures is necessary to give tho maximum 
power at take-off. 'Wlion high power is rociuircd, 

olfoctivo 

e hod of utilising In'gher fuel antiknock value 
an increase of compression ratio, since tho 
ormer mvolyes charging proportionately greater 

engine. Hence, 
ako-off, the rich mixture rating provides a 
re accurate indication of antiknock per- 


formance than docs tho octane number. Under 
cruising conditions a low fuel consumption is of 
primary importance, because each pound of fuel 
carried means one pound less in pajdoad or 
allornnlivolj’- for the samo payload, a decrease 
in fuel consumption means an increase in range. 
With largo aeroplanes on long flights, a decrease 
of 1% in fuel consumption would allow several 
limes that incrohso in payload, owing to tho 
high ratio of weight of fuel carried to payload. 
Thermal cniciency is only slightly afTcctod by 
Huiicreharging, bub markedly increases with com- 
pression ratio. Thus, for maximum fuel economy 
under cruising conditions the compression ratio 
should bo as high as possible. In practice some 
compromise is neccssarj% to obtain high power 
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at take-off, because the higher the compression 
ratio, the lower is the permissible boost pressure 
before detonation occins with a given fuel. The 
1-C octane number provides a satisfactory 
indication of antiknock performance tmder 
cruising conditions for many aero engines; in 
other cases the weak-mixture rating based on 
the minimum boost point is used. • 

Detonation causes very rapid combustion of 
part of the combustible mixture in the cylinder 
and thus tends to reduce the power output, 
although moderately heavy audible detonation 
is necessary before this becomes appreciable. 
In motor-car engines even fairly heavy detona- 


tion rarely causes damage to the engine. In aero 
engines detonation is less easily detected owing 
to the higher noise level and may result in stick- 
ing of the piston rings, pitting and burning of 
the piston and, in severe cases, rvreckage of the 
engine within a short time. 

Relation between Chemical Structure 
and Octane Number. — Octane numbers of 
various hydrocarbons and of a few» alcohols, 
ketones, and a branched-chain ether are given 
in Table II, and in Eigs. 5 and 6 octane 
numbers of paraffins and cycfoparaffins, res- 
pectively, are plotted against the number of 
carbon atoms. 



Octane number decreases with increase in the 
number of carbon atoms for hydrocarbons of 
similar structure (i.e., normal, 2-substituted, 3- 
substituted paraffins, etc., respectively), ethylene 
and propylene (81 and 85 octane number respec- 
tively) being the only exceptions noted so far. 
Among paraffins and olefins, the octane number 
is higher the more compact the molecule (c/. 
Fig. 5). This effect of branching of the hydro- 
carbon chain in increasmg the octane number 
is in line with the scheme of hydrocarbon oxida- 
tion outlined earlier. Equations (3) to (7) indi- 
cate that, starting at the end of the longest 
alkyl group, carbon atoms are progressively 
removed by oxidation via an aldehyde. When 
a side chain is present,’ this ptocess will even- 
tually result in a ketone, which is less easily 
oxidised than an aldehyde and the oxidation 
process, and hence detonation, are arrested 
(Pope, Dykstra, and Edgar, J. Amer. Chem. 
Soc. 1929, 51, 2203). Rice has shown that the 
knocking tendency of hydrocarbons increases 
with increase in the number of molecules formed 
by the thermal decomposition of one molecule 
of the hydrocarbon (Ind. Eng. Chem. 1934, 26, 


Comparing paraffins and olefins of similar 
structure and with the same number of carbon 
atoms, ethane and propane are superior to 
ethylene and propylene, but, for the higher 
members, the olefins have the higher octane 
numbers, the difference increasing with mole- 
cular weight. The position of the double bond 
in olefins apparently has little effect, as would 
be expected if oxidation starts at the end of the 
carbon chain instead of at the double bond (see 
above). Stereoisomers (e.y., cis- and trans- 
butene-2) have the same octane numbers. 

CycZoparaffins with five or six carbon atoms in 
the ring exhibit similar relationships to paraffins 
(Fig. 6). Several methyl groups are more 
effective than the same number of carbon atoms 
in a single alkyl group (c/. ethyl- with 1:3- 
dimethyl-cycZohexane, n- or iso-propyl- with 
1 : 1 :3-trimethyl-oyclohexane) . 

The simpler aromatics all have high octane 
numbers, the latter tending to decrease slightly 
with increase in the number of carbon atoms 
(Table II). 

Additional information on the relation between 
antiknock value and the chemical structure of 
hydrocarbons has been reported by Lovell, 
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Table U.— A.S.T.M. Octane Numbeks 
' OF Vaeious Compounds. 

A.S.a’.M. 


octane 

Tiurnlinr. 


Paraffin hydrocarbons. 

Methane 

Ethane 

Propane ' • 



2-Methylpropano 



2-Methylbutone _...•• 
71 -Hexane 

2- MethyIpentanc 

3- MethyIpentane . . - • • 

2-2-Dimethylbutane (Neoliexane) 
2;3-DimethyIbutanc . . . • 

n-Heptane 

2- Methylhexano . - - • " • 

3- Methylhexanc 

2:2-Dimethylpentnnc .... 
2:3-Dimethylpentano .... 
2:4-Dimethylpcntanc .... 
3:3-DImothylpentane .... 

3-Ethylpcntanc 

2;2:3-Trimethylbutanc . . . 

7!-0ctaiic 

2- Methylheiitane 

3- Mcthylhcptanc ...... 

2:3-DimethyIhcxanc . . . . 

2;.';-Dimethylhexano . . . . 

3;4-DiniethyIhcxane . . . . 

3-Methvl-3-ethyl-i)cntane . . 

2:2:3-Xriinethylpcntanc . . . 

2:2:4-TriineUiylpcntanc . . . 

2:3:3-Trimcthylpcnlanc . . . 

2:3:4-TrimcthyIpontanc . . . 

2:2;3:3-Tetraincthylbutanc . . 

7i-Nonanc 


100 

104 

100 

92 
99 
01 
S9 
20 
73 
7f) 

90 
95 

0 

45 

00 

93 
S9 
S2 
SI 
08 

100 

— i; (extr.) 
24 
35 
70 
.52 
S5 

91 

102 (extr.) 
100 
99 
90 

>100 

—40 (extr.) 


Okfm hydrocarbons. 
Ethylene . . . 

Propylene . . . 

Bntene-1 . . . 

Butene-2 . . . 

2-Methylpropcnc . 
Pentene . . . 

2-Methylbutcne-2 . 
Hexene-2 . . . 

Hexene-3 . . . 

2- Methylpentcne-2 

3- Methylpentcne-2 

3;3-Dimethylbutene-l 
Octene-1 . . . 


SI 

SO 

SO 

■S3 

87 

SO 

S3-f. 

78 

7S 

78 

i I 

91 

rr 


cychParaffm hydrocarbons. 
cycloPentane .... 
Methylcyclopcntane . 
cyc/oHexanc .... 
Methylcyc/ohexane 
l:3-Dimethylci/clohcxan(' . 
Ethylcyclohexane . 
n-Propylcyc/ohexanc . 
tsoPropylcyclohexano . 
l:l;3-'X'rimcthylc//clohexnnc 

Aromatic hydrocarbons. 

Benzene 

Toluene ....'. 

0- Xylene 

m-Xylene 

Ethylbenzene .... 

■ n-Propylbenzeno . . 
-tsoPropylbenzeuo . 

1- 2.'^Trlmethylbenzcno • . 
sec.-Butylbenzenc . 
lert.-Butylbenzeno . 1 

Alcohols. 

Methyl alcohol . . 

Ethyl alcohol . 
isopropyl alcohol . 

Eetones. 


Ether, 

Dl-isopropyl ether 


Acetone 

Methyl ethyl hotone '. 

Methyl isobutyl ketone 


S3 

82 

77 

71 

09 

41 

14 

01 

82-5 


100 (extr.) 

101 (cxlr.) 
100 

>100 

08 

99 

100 

91 

90 

>100 


91 

95 

>100 


>100 

>100 

>100 


90 


CampboU,- and Boyd (ibid. 193-1, 26, 1105). 
Although they used a difTorent engine and differ- 
ing engine operating conditions, their conclusions 
were in many cases similar to those given in this 
article. 

Data on the octane numhers of oxygen com- 
jiounds are available onlj’ in a few cases, hjit 
the lower alcohols and ketones have high anti- 
knock values. AVhilo diethyl ether is a pro- 
knock, diisopropyl ether is nearly' equivalent to 
isooctanc. Tin's may ho duo to the fact that it 
contains two hranchcd-chain allcyl groups and 
thus a ketone may ho formed on oxidation. 
Some of tho lower ketones have high lead sus- 
coptihilitics. 

A fair degree of correlation has been found 
hctwcou octane number and spontaneous igni- 
tion temjierature, determined Iiy allowing the 
fuel to drip into a heated metal pot, the temj)era- 
tiirc of which is rai.sed until ignition occurs 
(Wcerman, .1. Inst. Pctrol(^um Tech. 1927, 13, 
300; EgertOn and Gates, ibid. 1927, 13, 273). 
Thus hrauelicd-ehain i)arnflins have higher 
.sjiontaueotis ignition temperatures than normal 
paraflins, knock inhibitors increa,«o the spon- 
taneous ignition tcmiierature, etc. The corre- 
lation is not perfect, however; diethyl sclcnide, 
for example, raises tho spontaneous ignition 
temporaturc , to a greater extent than docs 
t<'traethyl lead, though it is a far Ics.s effective 
knock inhibitor (Egerton and Gate.s, l.c.). 

When two hydrocarbons are blended in various 
proiiorlions, tho ndation between tho A.S.T.M. 
octane number of tho blend and tho concentra- 
tion of tho component of higher rating is some- 
times a straight line, sometimes a curve. In 
the latter ease the octane number of a blend is 
usualh', though not always, lc.«s than would be 
expcetc<l from the octane numbers of tho pure 
components. Such curved blending-relation- 
ships are usiially obtained when one of tho com- 
ponents lui.s a Heseareh-Mcthod octano number 
considerably higher than its Motor-Method 
octane number, that is, when this component is 
sensitive to changes in engino conditions. 'The 
partial prc.«suro of any fuel component in -the 
fuel-air mixture in tho cylinder will, of cour.-ic, 
depend on its concentration in tho blended fuel ; 
several of tho eompononls which exhibit curved 
blending-rt'lationships are also those tho ratings 
of wliich aro altered considerably by changes in 
boost iircssuro (,scc p. G3t)d). 

In considering the problem of relating anti- 
knock value to choniical structure, it must bo 
roinembercd that tho relative antiknock values 
of fuels in some cases depend markedly on tho 
operating conditions of the engine. The con- 
clusions given above are based on A.S.T.'M. 
Motor-Method octane numbers and would not 
necessarily hold under other conditions, for 
example rich mixture ratings in supercharged 
engines. 

Knock Inhibitors. — It has already been 
mentioned that tho oxidation of tho fuel in tho 
engino cylinder involves cliain reactions. Such 
reactions aro sensitive to inhibitors and several 
substances have in fact been found to exert an 
inhibiting action on detonation. These include 
aniline, other aromatic aminos, and certain 
organometallic compounds, such as diethyl 
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selenide and telluride, rario\ls tliallium com- 
pounds, nickel and iron carbonyls and tetraetbyl 
lead pndgley and Boyd, Trans. Soc. Aut. Eng. 
1920, 15, 65*9; Boyd, Ind. Eng. Cbem. 1924, 
16, 893 ; Cbarch, Mack, and Boord, ibid. 1926, 
18, 334 ; C. EI&, “ Cbemistry of Petroleum 
Deriva tires,” Eeinhold, 193/, 4 ol. II, p. 1016). 
Pope, Dykstra, and Edgar have obtained chemi- 
cal evidence that tetraethyl lead inhibits the 
.chain reactions' by which hydrocarbons are 
oxidised (J. Amer. Chem. Soc. 1929, 51, 2213). 
It has been suggested that the eifectiveness of 
this compound is due to its decomposition to lead 
monoxide and dioxide in the engine, the dioxide 
decomposing and thus removing organic per- 
oxides formed fiom the fuel, the lead monoxide 
formed then reacting with oxygen to reform the 
dioxide (Egerton and Gates, J. Inst. Petroleum 
Tech. 1927, 13, 281). Withrow and EassweUer 
have obtained experimental support for this 
theory by observing the absorption spectra of the 
fuel-air mixture before the commencement of 
combustion in an engine provided with trans- 
parent “ windows ”’(Ind. Eng. Chem. 1935, 27, 
872). Detonation can be effectively reduced 
by drawing the air supplied to the engine over 
a lead arc or by the use of a coUoidal solution 
of metallic lead in the fuel. 

When tetraethyl lead was first used, trouble 
was experienced due to pitting of exhaust valves, 
etc., and the formation of conducting deposits of 
lead salts on spark plugs. The former difficulty 
was overcome by the use of special austenitic 
valve steels and the second by addition of 
ethylene dibromide to the tetraethyl lead, as a 
result of which the lead passes out of the exhaust 
as relatively volatile lead bromide instead of 
being deposited as lead oxide, etc. The anti- 
knock concentrate supplied for blending with 
gasoline is called “ Ethyl Fluid.” The Ethyl 
Flpid for aviation gasolines contains tetraethyl 
lead and ethylene dibromide, with small quanti- 
ties of dye, kerosine, etc., whereas that for motor 
gasolines contains a proportion of the cheaper 
ethylene dichloride. The concentration of Ethyl 
Fluid is always expressed in terms of the active 
antiknock agent, tetraethyl lead. 

The increase in octane number per c.c. of 
tetraethyl lead per gallon diminishes as the 
concentration increases. A semi-empirical chart 
has been devised on which octane number plots 
as a straight line against tetraethyl lead con- 
centration in a given base gasoline or hydro- 
carbon, thus permitting “ lead ” susceptibility 
to be expressed as a single figure (Hebl, Eendel, 
and Garton, ibid. 1939, 31, 862). In general, 
paraffins, especially branched-chain paraffins, 
and cycloparaffins have high lead suscepti- 
bilities, while aromatics ftequently have low 
lead susceptibilities. A curious effect of con- 
centration is observed with benzene. As the 
percentage of benzene in blends with u -heptane 
is increased, the lead susceptibility increases to 
a maximum at about 63% by volume of benzene, 
then decreases, becoming negative with pure 
benzene, i.e., addition of tetraethyl lead to the 
latter decreases the octane number. Olefins 
often have relatively low lead susceptibilities. 
Certain sulphm- compounds decrease the lead 
susceptibility, the effect increasing in the order : 


carbon disulphide, thiophen, sulphides, mer- 
captans, disffiphides, and trisulphides, i.e., 
approximately in the order of reactivity of the 
sulphur (Birch and Stansfield, ibid. 1936, 28, 
668). This is possibl3' due to the partial for- 
mation of lead sulphate instead of lead’oxides 
during combustion, lead sulphate being nnable 
to decompose peroxides. 

Certain substance, such as ozone, organic 
nitrites, ether, etc., act as pro-knocks, t.e., they 
increase detonation. This is thought to he due 
to their ability to form peroxides. 

ADDmOXAL SOUECES OE ISEORMATIOS. 

For more detailed information and additional 
references on this subject, the reader is referred to ; 

“ Science of Petroleum,” 4 Vols., Oxford University 
Press, 193S. 

B. lewis and G. Von Elbe, “ Combustion, Flames and 
Explosions of Gases,” Cambridge tJniversitv Press, 
193S. 

Symposium on Gaseous Combustion, Cbem. Eev„ 
Oct., Dec., 1937, February, 193S). 

F. L. 6. 

OCTANE NUMBER (CETANE NUM- 
BER). The ignition quality of a fuel, i.e., its 
ability to give smooth nmning and absence of 
“ knock ” in compression-ignition engines, is 
usually expressed in terms of cetane number. 
The latter is numerically equal to the percentage 
by volume of cetane («-hexadecane) which must 
be mixed with a-methylnaphthalene to give a 
blend having the same ignition quality as the 
test fuel in a compression-ignition engine. 
Cetane number is less dependent than octane 
number on the engine and operating conditions, 
hence' standardisation of these factors is of less 
importance. 

Delay Period. — In compression-ignition 
engines (often less accurately called Diesel 
engines) air is compressed in each cylinder by 
the motion of the piston and is thus raised to a 
temperature of the order of 500°c. Shortly 
before the point of maximum compression, fuel 
is injected into the combustion chamber as a 
fine spray, the high temperature of the com- 
pressed air causing spontaneous ignition, and 
the resulting combustion provides the power to 
drive the engine on the power stroke. Ignition 
of the fuel is not instantaneous and a short time- 
lag, the delay period, occurs between injection 
and ignition. During the injection period fuel 
is injected continuously and hence unbumt fuel 
accumulates in the combustion chamber during 
the delay period. When ignition occurs, this 
fuel bums with great rapidity causing a rapid 
increase of pressure, which may give rise to 
audible knock and rough running of the engine 
if the delay period is unduly long. Thereafter 
the rate of burning of the fuel is controlled by 
the rate at which the fuel is injected. Thti 
explanation of the combustion process in com- 
pression-ignition engines is due to Eicardo (Aut. 
Eng. 1930, 20, 151). 

The sequence of events is iUnstrated in Fig. 1, 
in which the pressure in the combustion chamber 
is plotted against degrees crank-angle. During 
the delay period the pressure increases at a 
nearly constant rate. When ignition of the 
accumulated unbumt fuel occurs there is a 
rapid increase in pressure, this increase being 
the more rapid, the longer the delay period. 
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After this accumulated fuel has been burnt, the 
pressure increases uniformly at a slower rate, 
the fuel burning nearly as fast as it is injected, 
until combustion is completed shortly after the 
end of the injection period. The pressure then 
decreases normaUy during the power stroke. 

The delay period is due partly to physical, 
partly to chemical causes (the physical delay 
being about 5-10% of the iota) delay), and 
depends both on the chemical composition of 
the fuel and on the engine design and operating 
conditions. Thus, time is necessary for the fuel 
droplets to acquire the temporaturo of the hot 
compressed air in the cjdinder, while the 
viscosity of the fuel affects the size of the fuel 
droplets and the extent to which the fuel spra}' 
penetrates through the combustion space, thus 


finding the air necessary for combustion. The 
volatility of the fuel is also of somp importance 
from the viewpoint of knock, since ignition 
starts in the vapour phase and thus a certain 
amount of vaporisation facilitates ignition, 
though, if too much vaporisation occurs between 
injection and ignition, tho rate of pressuro-riso 
follovs'ing ignition may bo increased owing to tho 
greater rate of combustion after ignition, thus 
tending to cause knock (Rothrock, National 
Advisory Committee for Aeronautics Report 
No. 435). Tho fuel must undergo certain pre- 
liminary chemical reactions before ignition can 
occur and tho rate which these reactions pro- 
ceed depends on tho chemical composition of 
the fuel and on tho temporaturo in tho com- 
bustion space during injection of tho fuel. 
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Hence those engine factors which affect thif 
temperature will also affect tho delay' period : 
these factors include compression ratio, injection 
advance, speed, temperature and pressure of the 
intake air, and jacket or cooling air temperature, 
In ad(htion, degree of mixing of tho fuel droplets 
and air depends on tho engine design, while in- 
lector design and injection pressure affect the 
degree of atomisation and penetration of tho fuel 
and also the extent to which tho fuel spray' fills 
the combustion space. Tho total delay period 
IB normally between 0'0004 and 0-005 second. 

The physical and chemical properties of the 
uel, which affect tho delay period, are collcc- 
tively known as tho ignition quality, and the 
latter 18 expressed as tho cotano number defined 
as above. The ignition quality of cotano is 
arbitrarily fixed as 100, that of a-mothyl- 
naphthaleno as 0. 

VoL. VIII.— 41 


It lias been suggested that (ho cheniicnl 
reactions which occur during the delay' period 
are oxidation chain-reactions, similar to those 
which occur with gasolino in spark-ignition 
engines during tho oompro.ssion stroke. This 
appears unlikely’, liowevor, since tho direct 
o.xidation of hydrocarbons by' such processes is 
relatively slow and the time during which tho 
fuel and air are in contact at a high (omperaturo 
is much shorter in coniprcssion-ignition engines. 
It is more likely that thermal docoinposition 
occurs first, and in fact Bocrlago and Van Dijck 
have found a relation between ignition quality' 
and thermal stability (J. Roy'. Aeronaut. Soc. 
1934, 88, 953). 

Spontaneous ignition toniporaturos of fuels 
bear a rough relation to their ignition qualities 
in an engine, but tho correlation is not perfect (IjO 
Mesiirior, J. Inst. Petroleum Tech. 1932, 18, 562). 
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Measurement of Ignition Quality. — 
The pioneer Tvork on the measurement of 
ignition quality 'ivas carried out by Boerlage 
and Broeze in Holland (Engineering, 1931, 
132, 603, 687, 755), by Pope and Murdock in the 
U.S.A. (Trans. Soc. Aut. Eng. 1932, 27, 136), 
and by Le Mesurier and Stansfield in England 
(J. Inst. Petroleum Tech. 1931, 17, 387). Two 
types of methods have been used. In one type 
fuels are compared on the basis of delay period 
(Boerlage and Broeze, Z.c.), while in the other 
the engine is motored and the compression 
pressure varied either by varying the com- 
pression ratio (Pope and Murdock, Z.c.) or by 
throttling the air intake until the engine wiH 
just fire when fuel is injected for a few revolu- 
tions. 

Previous experience in determining the anti- 
knock value of gasoline had shown the advan- 
tages of using reference fuels, and Boerlage and I 
Broeze proposed the use of ceZene (hexadecylene) 
and mesitylene as high and low ignition quality 
standards respectively. Shortly afterwards o- 
methyl-naphthalene was substituted for mesity- 
lene on the grounds of price and available 
supplies. Eor several j’ears ignition quality waa 
expressed in terms of cetene number. However, 
owing to variations in different batches of cetene, 
the (American) Volunteer Group for Compres- 
sion-Ignition Ihiel Research proposed the use of 
cetane (Trans. Soc. Aut. Eing. 1936, 31, 225). 
and this has since been widely adopted. On 
account of the relatively high cost of cetane 
and a-methylnaphthalene, secondary reference 
fuels are normaUy employed, the results being 
converted to cetane numbers by an established 
conversion curve. The secondary reference fuels 
normally used are either a high cetane-number 
paraffinic gas oil and a low cetane-number 
extract made by treating kerosine with liquid 
sulphur dioxide (Institute of Petroleum) or a 
paraffinic gas oil and technical grade methyl- 
naphthalene (American Society for Testing 
Materials, abbreviated “ A.S.T.M.”). 

Since the cetane numbers of normal undoped 
fuels are not markedly affected by the engine 
and operating conditions used (Boerlage, Broeze, 
Le Mesurier, and Stansfield, J. Inst. Petroleum 
Tech. 1936, 22, 455), the two tentative methods 
standardised by the Institute of Petroleum 
permit the use of any suitable engine. In 
method A the delay angle, that is the number 
of degrees crank-angle between injection and 
ignition, is determined for the test fuel, and the 
blend of reference fuels found which gives the 
same delay angle as the test fuel. In method B 
an expansion chamber is fitted in the intake 
pipe and the inlet to this chamber throttled until 
the engine starts to misfire when using the test 
fuel; the reference fuel blend whidi causes 
misfiring at the same suction pressure as the 
test fuel is determined.., hlethod A is preferred 
for routine tests, but method B is convenient, 
where special apparatus, e.g., for measuring the 
delay angle, is not available. The two methods 
give similar results. 

The A.S.TJ1L method employs a G.F.R. (see 
this Vol., p. 635a) engine with a specially 
designed cylinder, the compression ratio of 
which is continuously variable. The engine is 


operated under standardised conditions; tests 
are carried out with the compression ratio 
adjusted to give a fixed delay-angle of 13°, and 
the reference fuel blend, whidi matches the test 
fuel, determined. The times of injection and 
ignition are indicated by instruments of the 
bouncing-pin type (see Octake Ntjmbeb, this 
VoL, p. 635a). 

Significance of Cetane Number. — ^From 
the section on “ Delay Period ” it follows that a 
compression-ignition fuel should normally have 
a cetane number sufficiently high to give smooth 
running and freedom from knock in the engines 
for which it is intended ; a higher cetane number 
than this is of no advantage from this point of 
view. It must be emphasised that, while an 
increase in octane number permits the use of 
higher compression-ratio or greater supercharge, 
thus increasing efficiency or power output, an 
increase in cetane number permits the use of 
Zoicer compression-ratios, which would result in 
lower efficiency, though permitting a lighter 
engine. 

Low-speed engines (less than about 400 r.p.m.) 
are not as a rule very critical as regards the 
cetane number of the fuel, which may be 30 or 
even less. In high-speed engines (more than 
about 1,000 r.p.m.) the time available for com- 
bustion is reduced and good ignition quality is 
therefore of greater importance ; in these engines 
fuels with cetane numbers of 46-50 may be 
required. 

Too high a cetane number may be a definite 
disadvantage in some cases. Thus, if the fuel 
burned immediately on leaving the injection 
nozzle, mixing of the air and fuel might be less 
complete, resulting in incomplete combustion, 
loss of power, and a smoky exhaust. Further, in 
certain types of engines the fuel spray is in- 
jected diametrically across the combustion space 
towards a small air-cell connected with the com- 
bustion space by a narrow throat ; part of the 
fuel bums in the air-cell and the combustion 
gases ejected firom the cell increase the tur- 
bulence and completeness of combustion in the 
main combustion chamber. If the cetane 
number of the fuel is too high, and the delay 
period too short, the fuel may ignite before it 
reaches the air- cell, thus resulting in incomplete 
combustion, loss of power, and smoky exhaust 
as in the previous cases (“ The Evaluation of 
Petroleum,” 1940, p. 32, publ. by American 
Society for Testing Materials). 

Starting an enghie from cold tends to be more 
difficult at low atmospheric temperatures 
because the low air temperature of itself reduces 
the maximum compression temperature and no 
heat is radiated from the cylinder and piston 
until the engine warms up. The delay period 
is therefore longer and in some cases starting 
may be impossible. Under these circumstances 
higher cetane-number fuels improve ease of 
starting. Such fuels are also advantageous for 
operating at high altitudes, where the low intake- 
air pressure reduces the compression temperature 
and hence increases the delay. 

There is much more chance for regions of over- 
rich fuel-air mixtures to exist in the combustion 
space with compression-ignition than with spark- 
ignition engines. This results in thermal decom- 
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position of the ihel to “ carbon,” etc., causing a 
smoky exhaust, deposition of carbon on in- 
jector nozzles, etc., especially at full throttle 
and irith fuel of too low a cetane number. 
Under comparable conditions exhaust smoke 
tends to increase as the cetane number of the 
fuel is reduced. 

In certain engines a kind of lacquer may bo 
deposited on the pistons, causing sticking of the 
piston rings and even seizure of the piston in the 
cylinder within a short time, with fuels of too 
low cetane-number; this occurs especially 
during part throttle operation, when engine 
temperatures are relatively low. This lacquer 
is composed of organic acids, polymerised alde- 
hydes, etc., and is apparently formed by chilling 
of the combustion by the rclativclj- cool cylinder 
walls (Bocrlage and Broeze, Ind. Eng. Chem. 
1936, 28, 1229). According to these authors 
the combustion process is probably a combina- 
tion of thermal decomposition and hydrox}*- 
lation (W. A. Bono and D. T. A. Tomicnd, ; 
“ Plame and Combustion in Gases,” Longmans, 
1927, p. 373), intermediate products from the 
latter process giving rise to lacquer. Tlie acrid 
odour sometimes noticeable in the o.vhaust from 
compression-ignition engines at light loads has 
been shorvn to bo duo to aldehydes, probably 
formed in a similar way. Lacquer and c.xhaust- 
odour tend to be greater with lower cetane- 
number fuels. 

Further information on the relation between 
cetane number and the various performance 
characteristics mentioned above arc given by 
Ainsley, Young, and Hamilton (Trans. Soc. 
Ant. Eng. 1942, 50, ICO) and Wctmillcr and 
Endsley {ibid., p. 509). 

In compression-ignition engines linock tend.s 
to increase, the slower burning the fuel, while 
the reverse is tnie in spark-ignition engines. As 
a result there is an inverse relationship between 
cetane number and octane number. 

Relation between Chemical Structure 
and Cetane Number. — The ignition qualities 
of pure hydrocarbons have been determined in 
a few cases only. However, some information 
is obtainable from hydrocarbon tj-pc-analyscs 
of various compression-ignition fuels. Thus the 
mdications are that ignition quality dccrca.ses 
in the order (i) normal parafiins, (ii) olefins, 
(iii) aromatics; branchcd-chain paraffins have 
lower ignition quah’tics, the greater the degree 
of branching (Bocrlage and Broeze, ibid. 1932, 
27, 283), the cetane numbers of n-hoptano and 
2:2:4-trimcthylpentano, for example, being 04 
and 22 respectively. Ju, Wood, and Garner 
from a study of blends each containing 50% of 
n-alkylbenzene find a steady increase in blending 
cetane number from toluene (—21) to n-tetra- 
decylbenzene (72), though the first member, 
Mnzene, has a cetane number of —10 (J. Inst. 
Petroleum, 1942, 28, 159). No information 
on cycloparafims appears to be available. 

Several “ indices,” which bear a rough relation 
to chemical structure, have boon proposed to 
replace engine tests as a measure of ignition 
qnahty. Of these the most widely used is the 
Uiesel Index (Becker and Fischer, Trans. Soc. 
Aut. Eng. 1934, 29, 376). 
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Diesel Index = 


Aniline point ( 


°r.)xA.P.I. gravity . 
100 


Aniline point is the minimum tomperaturo at 
which equal volumes of aniline and the fuel are 
completely miscible, while A.P.I. (American 
Petroleum InsUtuto) gravity is defined ns : 


A.P.I. gravity= 


141-5 


-131-5. 


Specific gravity 

Diesel Index shows a fairly good correlation 
Avith octane number in many cases and has boon 
succcssfull}' used for routine control of fuels of 
known origin. There arc exceptions, however, 
and it is not a satisfactory guide for fuels of 
unknown origin ; furthermore it fails com- 
pletely Avith fuels consisting largely of branchcd- 
chain jAaraffins and AA-itli fuels containing .small 
quantities of ignition accelerators (fcc below). 
Other indices based on A'iscosit3- and specific 
gra\'ity (ilfooro and Kaye, Oil and Ga'j .7, 1934, 
Nov. 15, p. lOS), boiling-point and gravitj- 
(Jackson, Oil and Ga.s J. 1935, Mar. 21, p. 10) 
or on the parachor (Hoinzo and Manler, Brenn- 
stofT-Chem. 1935, 16, 280) have been proposed, 
but liaA-o not been so AA-idclj- u.sed as Dic-sel 
Index. Rccenllj" the Institute of Petroleum 
haAc recommended the folloAA-ing formula for 
normal undoped fuels (J. Inst. Petroleum, 1941, 
30, 193) : 

Calculatcil cetane no.r^ 175-4 log (mid-boiling 
point, '’r‘,)-{-l-9S(A.lM. graA-ity)— 49(5. 


Ignition Accelerators. — Several materials 
lia\-c been discovered, .small quantities of Avhich 
considerably incrca-se the cetane numl>cr of 
comprcs.sion-ignition fuels, though none ap- 
proaches the cfrectivcnc.s.s of tetraethyl load in 
raising the octane miml)cr of gasoline. Hoav- 
CA-er, the more efTcctivo AAill incrc.a.se the cetane 
number of a fuel by (>-13 unit.s at a concentration 
of 0-5% by Avcight. The.so substances include 
organic peroxides, nitrates, nitrites, thio- 
nitritc.s, di-, and poly-.snlphidc.s, triazcne.s, 
chloropicrin, etc. D.ita on a largo number of 
these ignition accclcmtors luivo been .snmnmrised 
bj- Bogen and Wilson, Petroleum Refiner, 1914,. 
23, No. 7, 118, Avhero additional u-fcrences aaiII 
bo found. Tho incremso in cetane number is 
usually greater, the higher tho cetane number of 
the base stock, and tho efroctiA-cne-ss decrcaso.s 
Avith concentration. 

Broeze and Ilinzo explain tho action of 
ignition accelerators by a chain-reaction 
mechanism (J. Inst. Petroleum, 1039, 25, 657), 
but littlo experimental OA'idenco on tins subject 
ap2)cnrs to have been publi.shcd. 

F. L. G. 

OCTOIC ACIDS. Tho most important of 
(ho 39 possible isomeric fatty acids of tho 
formula C7H15-COOH is n-octoic acid (caprylic, 
hcptano-l-carboxylic acid). This is of Avido 
natural occun-cnco ns esters, glycerides, and ns 
tho free acid in many oils and fats of animal, 
A-cgctnblc, and mineral origin. It is among tho 
fatt3- acids obtained by tho saponification of 
A-nrions fats, c.p., coconut oil (8-7%) (Tnjdor 
and Clarke, J. Amer. Chom. See. 1927, 49, 
2829), palm kernel oil (3%) (Armstrong, Allan, 
and Moore, J.S.C.T. 1925, 44, 14 3t), cobnno nut 
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fat {7-5%) (Hilditch and Vidyarthi, ibid. 1928, 
47, 3ot), butter fat (1*3-2%) {see Buttee, 
Vol. n, 161), Japanese sardine oil (J. Soc. 
Cbem. Ind. Japan, 1940, 43, 59) and in goat 
butter-fat (together with caproic and capric 
acids), and from which the name capryllc acid 
is derived (L. caper-pri, goat). • 7J-Octoic acid 
is present as esters in small quantities in the 
odorous constituents of apples and peaches 
(Power and Chesnut, J. Amer. Chem. Sue. 1920, 
42, 1513; 1921, 43, 1726) and in the volatile 
constituents of Valencia orange juice (HaU and 
Wilson, ibid. 1925, 47, 2575). Other sources 
include orange peel oU, orris oil, oil of rue, fusel 
oil, tobacco flowers, and Limburger cheese. 
(The flavour of roquefort cheese is due to fatty 
acids, including n-octoic acid, liberated from the 
butter fats by the lipases of the mould.) It has 
also been isolated from petroleum acids (Quebe- 
deaus. Wash, Ney, Crouch, and Lochte, ibid. 
1943, 65, 767). 

It may be prepared by fractionating the fatty 
acids obtained by the saponification of coconut 
oil, the portion bofling 220-240° being con- 
verted into the barium salt and purified by 
recrystallisation. The free acid is then liberated 
and distilled (Van Eenesse, Annalen, 1874, 171, 
380). Although S 3 mthetic methods may be 
employed, as the condensation of two molecules 
of aldol with subsequent oxidation and reduction 
of the product (Raper, J.G.S. 1907, 91, 1831), 
or by oxidation of 7i-octyl alcohol, the isolation 
from natural sources is more economical, and 
the acid so prepared is used for the preparation 
of other 7i-ootyl derivatives (e.p., 7i-octyl alcohol, 
by the reduction of ethyl caprylate with sodium 
and alcohol (J. Amer. Chem. Soc. 1922,44, 2648)). 

7i-Octoic Acid, m.p. 16*3°, b.p. 239*7°/760 
(for boiling-point at lower pressures, see Pool 
and Ralston, Ind. Eng. Chem. 1942, 34, 1104), 
Q-914, 1-“ 1 *41x10'^, solubility in water at 
15° : 0*072 g./lOO c.c. Methyl ester, b.p. 193- 
194°; ethyl ester, b.p. 207-208°; propyl ester, 
b.p. 225° ; and n-bulyl ester, b.p. 240*5° ; glyceryl 
tri-n-octoaie, m.p. 8°. Copper salt, m.p. 264r- 
266°; zinc sail, m.p. 135-136°; lead salt, m.p. 
83-84°. Anhydride, b.p. 280-285°: acid chlo- 
ride, b.p. 194-196° amide, m.p. 110°; nitrile, 
b.p. 198-200°. 


Passage of the vapours of 7i-octoio acid over 
ferrous or ferric oxide at 450-490° gives a 77% 
f yield of di-n-heptyl ketone, m.p. 3^9° (Slailhe, 
Compt. rend. 1913, 157, 220); if mixed with 
formic acid and passed over titanium dioxide at 
300° it gives a 90% yield of octanal (caprjd- 
aldehyde). Certain micro-organisms, such as 
penicilUum glaucum, convert the acid into 
I methyl amyl ketone (by ^-oxidation to JS-keto- 
octoic acid, followed by decarboxylation), and 
it is ketones of this type, having unpleasant 
odours, which are the cause of the rancid odours 
of fats (e.g., cocoa-butter) attacked by moulds. 

A compound with triethanolamine has been 
recommended as a wetting agent for use in the 
textle industry or in ore treatment (U.S.P. 
2239997), and the use of heavy metal sailts has 
been suggested as mordants in steam printing 
(Pomeranz, Amer. Chem. Abstr. 1932, 26, 3931). 
A solution in water (1:5,000) has been suggested 
as an insecticide (J. Agric, Res. 1924, 29, 259). 
The preparation of therapeutic esters of 
oestrone, equilin, and equilenin with 77-ootoic add 
has been patented (U.S.P. 2228397), and also 
oestradiol di-Tj-octoate (S*wiss P. 205439). 

B. A. K. 

OCTYL is the monovalent radical CgH^,- 
which would result theoretically from the 
removal of one hydrogen atom from an octane 
Cs^is- Prom the 18 known isomeric octanes 
it is possible to derive 89 isomeric octyl radicals 
(excluding stereoisomers). Unless otherwise 
stated, octyl may be taken to refer to normal 
octyl CHg-jCHgjB-CHj-. The existence of 
octyl as a free radical of short life has not been 
demonstrated. 

OCTAinES. 

Octanes occur in many crude oils and as- 
sociated natural gases, but the amounts vary 
widely. The natural gasoline recovered from 
gas associated with the h’ght paraffinic Pennsyl- 
vania oil has been shown to contain about 4% 
octane (Anderson and Erskine, Ind. Eng. Chem. 
1924, 16, 263). The 55-145° fraction of Ponca, 
Oklahoma oil (a fairly typical mid-continent 
crude) contains about 11*1% of octanes, 71- 
octane accounting for 7% and eight other isUmers 
for 4*1%. 


Table I. — ^Isoiteric Octanes. 



Isomer. 

M.p. 

B.p. at 
760 mm. 

0 

"I? 

Octane 

number. 

1 . 

n-Octane 

-56*8'’ 

125*6° 

0*70283 

1*39764 

—17 

2. 

2-liIethylheptane . , . 

-111*3° 

117*2° 

0*6978 

1*3947 

24 

S. 

S-Methylheptane 


119° 

0*7057 

1*3983 

35 

4. 

4-Methylheptane . , , 


118° 

0*7163 

1*39814 


5. 

3-Ethylhexane .... 


118*9° 

0*7122 

1*4020 


6 

2:2-Dimethylliexane . . 


107° 

0*6956 

1*3930 


7. 

2*.3-Dimethylliexnne . . . 


115*7° 

0*71240 

1*40117 

76 

S. 

2.*4-Dimethyl hexane . . 


109° 

0*6993 

1*39582 


9. 

2.*5-Dimethylhexane . . 

-90*7° 

109*3° 

0*6949 

1*39295 

52 

10 . 

3:3-Dimethylhexane . . . 


111° 

0*7086 

1*3993 


11. 

3:4-BlmethyUiexane . , . 


117*8° 

0*7195 

1*4045 

85 

12. 

2-Metliyl-3-ethylpeiitane 


114° 

0*7182 

1*4033 


13. 

3-iIethyl-3-ethylpentane 


118*4° 

0*7256 

1*4031 

91 

14. 

2:2:3-Trimethylpentane . . 


110*3° 

0*7162 

1*4032 

102 

15. 

2:2:4-Trimethylpentane , . 

-107*45° 

99*3° 

0*69194 

1*39157 

100 

16. 

2*.3*.3-Trimethylpentane , . 


114*2° 

0*7258 

1*4075 

99 

l4. 

2;3:4-Trimethylpentane . . 


113*4° 

0*7195 

1*4046 

97 

IS. 

2:2.*8.*3-Tetrainethylbutane . 

1 

0 

0 

106*5° 



103 












OCTYL. 


Owing to the importance of octanes in petrol, 
and especially highly branched isomers in high- 
octane aviation spirit, much research has been 
done on the production of octanes by cracking 
of crude oil, by poij'mcrisation, and by nlk3’lation 
methods and which are now carried out on a 
large scale industriallj'. In addition, manj' 
isomers have been synthesised on a fairly largo 
laboratory scale using unequivocal methods, 
and after careful purification by fractional distil- 
lation, the physical constants Iiavo been 
recorded for use in the identification of con- 
stituents of petroleum and cracked petroleum 
products. 

All the 18 possible isomeric octanes arc Imown 
and are listed in Table I together with some 
physical properties. (For greater detail, sec 
Gr. Egloff, “Physical Constants of Hydro- 
carbons," Eeinhold, New York, 1939, Yol. I.) 

Octane Number (see this Yol., p. C32c). 

Laboratory Preparation of Octanes. 

The dehydration of an octanol to an octene 
followed by catalytic hydrogenation is a method 
of wide application. Symmetrical isomers nmy 
be made by the Wurtz sjuithcsis or by clectrolj’sis 
of potassium salts. The interaction of 7.inc 
dialkyls and alkjd halides, the reduction of 
halides, etc., have also been employed. Iloxa- 
methylethano offers certain e.xpcrimcntal diffi- 
culties, but has been prepared in 1G% yield from 
tert.-butyl magnesium chloride and /cr/.-hiitjd 
iodide (Marker and Oakwood, J. Amor. Chem. 
Soc. 1938, 60, 2598). 

Industrial Preparation of Octanes. 

Very largo quantities of C4 hydrocarbons (n- 
butane, buteno-1, butonc-2, isobutnno and iso- 
butene) are produced in tlio cracking of 
petroleum and can Ikj converted to petrol lij’dro- 
carbons by various processes. 

If the mixture is passed through 05% sul- 
phuric acid, the isobutene is removed more than 
100 times as fast as butenc-1 or buteno-2, and 
heating to 100° causes dimorisation to “ di- 
isobutene,” a mixture of 2:4;4-trimcthj’lpcnteno- 
1 and 2:4:4-trimeth}'lpontenc-2, which sepamtes 
as an oily layer, and the acid can bo used again. 
The “ di-isobuteno ” is then hj'drogcnatcd to 
2:2:4-trimethylpentnno (“ iso-octane ") (Sparks, 
Rosen, and Frolich, Trans. Faraday Soc. 1939, 
35, 1040; Whitmore, Ind. Eng. Chem. 1934, 26, 
94). Various other catai3'Bts may bo employed, 
e.g., copper cadmium pho.sphato (Birch and 
Dunstan, Trans. Faraday Soc. 1939, 35, 1013), 
copper pyrophosphate (Van Voorliis, Nat. 
Petroleum News, 1940, 32, 230ii), or the dimeri- 
sation and hydrogenation may bo carried out 
simultaneously in the presence of phos- 
phoric acid-nickel oxide-iron catalyst (Ipatiov, 
Komarewsky, Ind. Eng. Chem. 1937, 29, 958). 

Another process is the “ allcylation ” of an 
alkane with an alkcno, an important appli- 
cation being the production of 2:2:4-trimoth5’I- 
pentano in high yield from isobutano and iso- 
oAo presence of 97% sulphuric acid at 

40 (Birch and Dunstan, he,; Birch, Dunstan, 

1939, 31, 1079; 

479346), 


CH3 CH3 

CH3— CH + CHaiC— CH3 -> 

CH3 

CHa CH3 

I I 

CH3— C— CH,— CH— CH3 
CH3 

The nlk3-lntion of isobutano with a mixture of 
butene- 1 and butcno-2 at —35° using aluminium 
chloride gives iso-octancs and isododeennes in a 
5:1 ratio, the iso-octane fraction being composed 
of 2:2:3- and 2:2:4-trimoth3’lpcntnnc.s, showing 
that some n-butencs have probabU’ licen 
isomerised to isobutene (Pinc.s, Grosso, and 
Ip.atiov, J. Amcr. Chem. Soc. 1942, 64, 33). 

B3’ a combination of processes of the t3-pos 
above almost the whole of the C^ li3'drocarbon 
fraction can be converted into high octane petrol, 
except n-butano, which is cnsil3’ separated and 
cither isomerised to isobutano or doh3'dro- 
genated to butenes and added to the next charge. 

Since the octane mimlier is a function of mole- 
cular structure, and n-octanc, tho predominating 
nnturnll3’ occurring isomer, hn.s the lowest 
octane number of ant' octane, it is clear that 
isomerisation would load to a higher grade fuel. 
Sivertzev (J. Gen. Chem. Rus.s. 1940, 10, 799) 
has shown that a 22-hour treatment of n-octane 
at room Icmperatim* with 10% aluminium 
chloride and 10% PbSOj.2HCI gave 24-3% of 
branched octanes. Petrov, Jlcshchtschcrjakov, 
and Andreev (Ber. 1935, 68 [BJ, 1) found that 
n-octano is partialK* fsomerised when heated 
with a catalyst during 3 hours at 410°/70 atm. 
initial pressure, tho 3'icld of isomers dojK-nding 
on tho cntnl3’Bt omplo3Td n.s follows ; aluminium 
chloride gave 23’3%, molybdenum trisulphido 
18%, and zinc chloride 11 ‘7%. Nickel alumina, 
nickel on zinc oxide, and platinum on activated 
charcoal will catah’so the isomerisation of n- 
octanc at atmo.spheric pre.ssuro and 300-310°; 
3'icld fi-4-15% isomers (Juriov and Pavlov, 
J. Gen. Clicm. Rii.ss, 1937, 7, 97), 

Chemical Properties of Octanes. 

1. Cracking. — n-Octano is decomposed (80- 
90%) on healing to 600-570°, tho reaction 
going in two directions : 

CgHjB -V CH,-(-C,Hh 
and 

^8^18 CaHp-hCgHjj - 

and the olefins formed are then largcl3' decom- 
posed (60-70%) into H„, CH^, CjHj, 63 Hj, 
C3H3, and C^Hg (Dintzes and Frost", ibid. 1934, 
4, GIO). Treatment of n-octano in the glow dis- 
charge at O'6-IO mm, yields 48-9% H,, 13'8% 
acetylenes, 10‘0% olefins, and 20-8% pnraflina 
(Linder and Davis, J. Ph3'sicnl Chem. 1931, 
35, 3049). Tho thermal decomposition in tho 
presence of various calal3’8fs has been studied, 
c.g., magnesium, to give 68% MgoC, at 700° 
(Novak, Z. physikal, Chem. 1911" 73, 513), 
aluminium chloride, etc. 
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2. Ddiydrocydisaiion. — ^Heating in the pre- 
sence of metallic oxides (especially of group IV, 
V, and in metals) converts octanes into alkyl 
benzenes in high yield ; titanium, zinc, or 
molybdenum oxides at 400—505° converts n- 
octane into o-xylene (Moldavski, Kamuscher, 
and Kobilskaja, J". Gen. Chem. Russ. 1937, 7, 
1835 ) ; 2:5-dimethylhexane ^ves 80% p-xylene 
Tvdth chromic oxide (Kazanski, Liberman, Plate, 
Serguienko, and Zelinsky, Compt. rend. Acad. 
Sci. U.R.S.S. 1940, 27, 446) ; 3-methylheptane 
gives O; m-, and p-xylenes and only a little 
ethylbenzene. 

3. Nitration. — l^apour-phase nitration of n- 
octane by means of N at 200° gives a mixture 
of mono- (81%) and di-nitro-octanes (19%) 
(Urbaiski and Sion, Compt. rend. 1937, 204, 
870). 

4. Oxidation. — A detailed study of the oxida- 
tion of n-octane has been made by Pope, 
Dykfitra, and Edgar (J. Amer. Ghem. Soc. 1929, 
51, 1875), and the hypothesis advanced that 
oxidation occurs by stepwise degradation : 

C,Hj 5 -CHO-f HjO (octaldehyde) . . (1) 

CjHig-CHO-hOj -> 

CgHig-CHO-f HaO-hCO (heptaldehyde) . (2) 

followed by repetition of reactions of the type (2) 
to give lower aldehydes. The oxidation of the 
aldehydes proceeds by luminescent chain- 
reactions, which may be correlated with the 
tendency to “ knock.” K branched- chain 
hydrocarbons are oxidised, the degradation of 
the carbon chain is retarded when a branch is 
reached, and this may account for the low 
“ knocking ” characteristics of highly branched 
octanes. The chain reactions are also retarded 
by lead tetraethyl, used as an “ antiknock ” 
agent. 

5. Isomerisation. — v. supra. 

OOTENES (OCTYLENES). 

Of the 66 possible isomeric ootenes (ex- 
cluding geometrical and stereoisomers), 62 are 
listed with physical properties by Egloff {op. cit.). 

Geometrical isomerism is possible in many 
ootenes but usually synthesis leads to a cis-trans 
mixture and only in a very few cases have the 
two isomers been isolated. Yoimg, Jasaitis, 
and Levanas {ibid. 1937, 59, 403) obtained cis- 
and ira?j5-octene-4 by the action of a zinc-copper 
couple on dl- and jne50-4:5-dibromo-octane, and 
Van Risseghem (Bull. Soc. chim. Belg. 1938', 
47, 194). prepared cis- and im7M-ootene-3 by a 
similar method. 

Two of the most important octenes are 2:2:4- 
trimethylpentene-l (m.p. — 93-7°, b.p. 101-5°, 
0-7164, 77p 1-4089) and 2:2:4-trimethylpen- 
tene-2 (m.p. -107°, b.p. 104-5°, pf 0-722, 
1-4169) obtained as a mixture (“ di-isobutene ”) 
by dimerisation of isobutene {v. supra). Oxida- 
tion of the mixture gives methyl iigopentyl 
ketone CHa-CO-CHj-CMes in reasonable 3 deld. 

The four normal octenes have boiling-points 
as follows: octene-l, 122-6°; octene-2, 125°; 
octene-3, 122-123°; and octene-4, 122°. 


In the presence of an activated silica-alumina 
catalyst at 376—400°, a mixture of octene-l and 
octene-2 undergoes catalytic isomerisation to 
isooctenes, followed by catalytic cracking to 
gaseous products consisting principally of equal 
amounts of n- and iso-butane. Eor the prepara- 
tion of branched octenes from normal octenes, 
the use of a siUca-alumina-thoria catalyst 
(U.S.P. 2216284) and sodium permutite (U.S.P. 
2217262) has been recommended. 

OcTYE Alcohols. 

Over 50 of the 89 possible isomeric octyl 
alcohols have been described and are listed in 
Table II, together with the boiling-point, one 
method of preparation, and the corresponding 
reference. 

The method of widest application for their 
synthesis is the reaction of an alkyl magnesium 
halide with an aldehyde, ketone, ester or olefin 
oxide. Primary octanols can often be con- 
veniently prepared by the reduction of an ethyl 
ester in toluene using sodium and alcohol, and 
secondary ones by reduction of the corresponding 
ketone with sodium and moist ether. 

A comprehensive study of the four straight 
chain octanols (Nos. 1-4) and the eighteen 
isomeric methyl heptanols (Nos. 5-22) has been 
made by Borough, Glass, Gresham, Malone, and 
Reid (J. Amer. Chem. Soc. 1941, 63, 3100) and 
for carefully purified samples the data recorded 
include the b.p. at 20, 100, 300, and 760 mm., 
latent heat of evaporation, p“, p®®, coefficients 
of expansion, zi^®, Afi,, m.p., solubility in water, 
surface tension and energy, dielectric constant, 
rate of esterification with acetic acid, toxicity, 
etc. 

For these 22 isomers the values ranged as 
follows : b.p. 153-4°-195°, m.p. -123 to -15°, 
P^® 0-7766-0-8335, zi^® 1-4113-1-4275 and the 
solubility in water at 25° from 0-538 to 3-373 
g. per kilo. 

Many of the isomers when synthesised are 
obtained as dl-mixtures and resolution into the 
optically active forms has been achieved with 
alcohols marked * in Table II. The fractional 
crystallisation of the brucine or strychnine salts 
of the half esters with phthalic acid is the usual 
method employed {see “ Organic Reactions,” 
Wiley, New York, 1944, Vol. H, 376). 

Space will permit the brief individual mention 
of the two commoner isomers only, i.e., zi-ootyl 
and sec-octyl alcohol. 

n-Octyl Alcohol, CHa-ECHjlg-CHyOH, 
occurs as the acetate and butyrate in certain 
plants, especially of genus Beradeum. It is a 
colourless liquid with an aromatic odour, b.p. 
100-7°/20 mm., 164°/300 mm., and 196°/760 
mm., p® 0-8394, p®® 0-8224, zi^® 1-4275, m.p. 
—15°, surface tension 24-68 dynes per sq. cm. 
at 20°, and solubility in water 0-538 g. per kilo 
at 25°. i:5-Dinitrobenzoaie, m.p. 62°, a-naphthyl- 
urelhane, m.p. phenyl urethane, m.p. 74°, and 
p-xylenylurethane m.p. 110°. The -p-nitrobenzyl 
ester is an oil. 

sec-Octyl Alcohol, 

CH3-[CH2]5-CH(0H)-CH3 
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(Capryl alcohol), is readily prepared by heating 
castor oil vrith sodium hydroxide (Organic 
Syntheses, 1941, Cell. Vol. I,- 366). Saponifi- 
cation of the oil gives sodium ricinoleate, which 
is then decomposed according to the equation ; 

CH3-[CH2]5-CH(0H)CH2-CH:CH- 

[CHgljCOONa-f NaOH-l-HjO 

-> CH3-[CH2]5-CH{0H)CH3 

-t-NaOOCCCHjlsCOONa-l-Hj. 
The (H-product obtained can be resolved if 
desired (ibid., p. 418). 

The dZ-alcohol has b.p. 87-6°/20 mm., 120-5/100 
mm., 149-3°/300 mm., and 180-0°/760 mm., 
pf 0-8170, pI 0-8353, 1-4238, m.p. -31-6“, 

surface tension 22-97 dynes per sq. cm. at 20°, 
solubility in water 0-955 g. per Idlo. at 25°. 
3:5-I>in,itrobenzoate, m.p. 32°, a-napMJiylurethane, 
m.p. 63°, p-nitrobenzoate 28°. The pJienyl- 
urethane is an oil. 

Othee Octyl Compounds. 

Halides : n-Ociyl fluoride, b.p. 142-5°; 
chloride, b.p. 184° ; bromide, b.p. 201-5° ; iodide, 
b.p. 225-5°. BBo-Odyl fluoride, b.p. 139-30°; 
chloride, b.p. 75°/28 mm. ; bromide, b.p. 72°/14 
mm. ; iodide, b.p. 190°. 

Esters: n-Odyl formate, h.p. 138-1° •, acetate, 
b.p. 210°; propionate, b.p. 266-4°; butyrate, 
b.p. 244°. Bec-Odyl formate, b.p. 184° ; acetate, 
b.p. 194-5° ; propionate, b.p. 211° ; butyrate, 
b.p. 220°. 

Ethers : n-Oclyl methyl, b.p. 75°/20 mm.; 
n-odyl ethyl, b.p. 189-2°. aec-Odyl methyl, b.p. 
18-1°14A mm. ; Boc-odyl ethyl, b.p. 63-65°/14 mm. 

Ketones: Methyl n-odyl, m.p. 14°, b.p. 209°; 
ethyl n-odyl, b.p. 227° ; di-n-oclyl, b.p. 277°. 

Amines: n-Octylamine, b.p. 175-177°. sec- 
Odylamine, b.p. 17^175°. 

Aldehyde: n-Octaldehyde (octanal, capryl- 
aldehyde) b.p. 81°/32 mm. {semicarbazone, m.p. 
101°, 2-A-dinitrophenylhydrazone, m.p. 106°). 

B. A. K. 

CENANTHALDEHYDE, heptaldehyde, 
“ cenanthol ” ; enanthaldehyde, enanthole (U.S.A.), 
CH3-[CH3VCH0. A colourless highly refrac- 
tive liquid with a penetrating aromatic odour. 
B.p. 162-2-153-2°/760 mm., 69-6°/30 mm., m.p. 
-45°, pf 0-82162, pf 0-8495, 1-42571. 

hliscible in aU proportions with alcohol and ether, 
slightly soluble in water, which dissolves 0-027 
mol. per 1. at 0°, 0-021 mol. per 1. at 20°, and 
0-016 mol. per 1. at 40°. 

(Enanthaldehyde is formed by the thermal 
decomposition of the sodium salt or esters of 
rioinoleic acid, being accompanied in the latter 
case by imdecylenic acid or its esters. Thus 
methyl ricinoleate can be split almost quantita- 
tively by dropping on to heated pumice which 
has been impregnated with borax, the reaction 
being carried out at 145 mm. (Panjutin, J. Phys, 
Chem. Russ. 1928, 60, 1). (Enanthaldehyde 
(93% yield) and methyl undeoylenate (87%) are 
obtained ; 

CH,-[CH2l5-CH(0H)-CH2-CH:CH-[CHj],-C03Me 
methyl ricinoleate. 

CHyCCHjlyCHO CHj-.CH-iCHjJg-COjMe. 
oenanthaldehyde. methyl undeoylenate. 


The usual method of preparation of oenanth- 
aldehyde is by the pyrolysis of crude castor oil, 
which consists mainly of the glycerides of 
rioinoleic acid. A comprehensive study of this 
decomposition has been made by Barbot (Ann. 
Chim. 1939, [xi], 11, 619), and for maximum 
yield of aldehyde it is recommended that small 
batches of erude castor oil be distilled in as short 
a time as possible imder reduced pressure and at 
a high temperature. A batch of 600 g. which 
was distilled in 16 minutes at over 500° and 
under a pressure of 12-35 mm. gave 280 g. of 
distillate, which on fractionation yielded 115 g. 
oenanthaldehyde (23%) and 66 g. undecylenic 
acid. In order to control frothing and the 
voluminous residue of polymerised products 
which may cause trouble during the p 3 uolysis, 
the addition of resin or “ antipolymerisers ” has 
been recommended. This method of prepara- 
tion from castor oil has made oenanthaldehyde 
one of the most readily available of the higher 
aliphatic aldehydes, and it is therefore used as a 
starting material for the preparation of numerous 
heptyl derivatives. 

CEnanthaldehyde may be pmdfied, if desired, 
through the crystaUine sodium bisulphite com- 
pound in the normal manner. Crystalline 
derivatives for characterisation include the 
semicarbazone, m.p. 109°, p-nitrophenylhydrazone, 
m.p. 73°, and the oxime, m.p. 57-68°. The 
phenylhydrazone is a liquid, b.p. 202-5-203°/19 
mm. 

Catalytic hydrogenation yields various pro- 
ducts, largely dependent upon the catalyst em- 
ployed; with platinum black containing iron, 
n-heptyl alcohol only is obtained, but with pure 
platinum black some n-heptane is also obtained 
(Faillebin, ibid. 1926, [x], 4, 465) ; nickel as 
catalyst yields n-heptyl alcohol and a higher 
alcohol, C^Hig-CH (CgHj^l'C-Hj-OH (sec Braun 
and Manz, Ber. 1934, 67 [B], 1696) ; mixed 
oxides of nickel, copper, and cobalt give n- 
heptyl alcohol and diheptyl ether (Riedel, G.P. 
444665) ; vapour-phase hydrogenation at atmo- 
spheric pressure with a nickel catalyst leads to a 
degradation, n-hexane being the chief product 
(Suen and Fan, J. Amer. Chem. Soc. 1942, 64, 
1460). In the presence of ammonia, hydrogena- 
tion with nickel at atmospheric pressure yields 
n-heptylamine and with colloidal platinum, di-n- 
heptylamine is produced (Skita and Keil, Ber. 
1928, 61 [B], 1456). 

Reduction of oenanthaldehyde with iron and 
acetic acid gives u -heptyl alcohol in 80% yield 
(Organic Syntheses, 1941, CoU. Vol. I, 304). 
The alcohol has also been obtained by using zinc 
and acetic acid, sodium amalgam and acetic acid, 
and by electrolytic reduction. If added to 
fermenting sugar solution, the aldehyde is 
reduced biochemically to the alcohol. 

Oxidation of oenanthaldehyde to n-heptoic acid 
((Enanthio acid) occurs readily with acidic per- 
manganate (ibid. 1943, Coll. Vol. II, p. 315). 

Treatment of oenanthaldehyde with hydroxyl- 
amine hydrochloride and sodium carbonate gives 
oinanthaldoxime (ibid., p. 313), which can readily 
be converted into n-heptylamine by reduction 
with sodium and alcohol (ibid., p. 318). Treat- 
ment of the oxime with aluminium oxide at 
340-360° yields n-heptonitrile. 
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With phosphorus pentachlorido, osnanth- 
aldehyde gives chiefly lil-dichloroheptane, 
CH^-rCHoL-CHClg, which may bo converted 
into hepUjne-h CHjiCHjli-CiCH by means of 
sodamide (Bourguel, Compt. rond. 1923, 177, 
823), so that tins is one of the most readily 
obtainable of the higher acetylenes. Treatment 
of the sodium salt of heptyne-1 with carbon 
dioxide leads to the acetylenic acid 

CHaCCHjliCiCCOOH, 

the methyl ester of which is an artificial violet 
perfume, usually described as “ methyl heptino 
carbonate.” 

B. A. K. 

CENIDIN is the anthocyanidin obtained 
by the acid hydrolysis of cenin. It is identical 
with malvidin. 

W. B. 

CENIN. The colouring matter of the skins 
of dark blue wine grapes ( Vitis vivifera L.) was 
first obtained in a pure condition by W'iUstuttcr 
and Zollinger (Annalcn, 1915, 408, 83). The 
fresh skins of North Italian grapes wore ex- 
tracted by means of glacial acetic acid, and the 
crude colouring matter was precipitated from 
the deep red solution by adding ether. It was 
converted into the picratc, which ciy’stallised 
readily, and again into the chloride. Crj'stallisa- 
tion by allowing a solution in a mixture of moth}’! 
and ethyl alcohols containing hydrogen chloride 
to evaporated slowly gave the chloride, 
CjjHjsOioCl, in the form of dark red or 
brownish-red, thick prisms with a beetle green 
lustre, containing from 4 to 0 HjO. Robinson, 
Levy, and Postemak (J.C.S. 1931, 2701) have 
defined the best conditions for the crystallisation 
ofosnin chloride. The crude chloride is dissolved 
in very dilute methyl-alcoholic h 3 ’drogcn 
chloride, the concentration of the acid is in 
creased, and almost at once the chloride ih 
precipitated by adding ether. It is dissolved 
in 1% methyl-alcoholic hj-drogon chloride, the 
solution is filtered, and the acid content of the 
filtrate increased to 4-5%. The chloride, Avliich 
crystallises mth a marked yellow sheen, is quite 
free from accompanying anthocyanidin and, 
when dried in air, consists of a trihydrate. 

The chloride is easily soluble in cold water. A 
hot dilute solution is initially brownish-red, but 
the colour changes to violet and then fades 
because of the successive formation of colour- 
base and pseudo-base. In the presence of acid, 
even 0'2% tartaric acid, aqueous cenin solutions 
are stable. It is more readily soluble in dilute 
hydrochloric acid than is delphinin (r. Vol. Ill, 
665c) ; it dissolves very easily in 2%, and is still 
appreciably soluble in 6% acid, though in 10% 
it is only sparingly soluble, and in 20% almost 
insoluble. Sodium carbonate added to an 
acidified aqueous solution gives a blue-violet to 
videt-blue colour, which is stable on dilution 
and unchanged on the further addition of 
sodium hydroxide. Lead acetate gives a dark 
*^5*^ copper sulphate a violet precipitate. 
When ferric chloride is added to an aqueous 
solution the colour deepens but there is no other 
cnange. Tannin causes an aqueous solution to 
become bluer and more intense. In alcohol, 


cenin dissolves with a red -violet colour which is 
tinged violet. 

(Enin is strongly Imvorotatory 

([M]fl27= -2.807, [M]c= -2,227). 

In dilute acids it shows a broad absorption band, 
which docs not extend so far into the blue ns 
does that of cynnin. In its distribution between 
aqueous acid and isoamj’l alcohol mnin resembles 
ideein (v. Vol. VI, 411a). 

Boiling for a few minutes with concentrated 
hydrochloric acid hj'drolj'scs cenin to cqui- 
molcculnr proportions of glucose and ” cenidin ” 
(identical 114111 malvidin, v. Vol. \rn, 482a), 
which is a dimcfhjd other of dolphinidin. (Enin 
has been synthesised by Robinson cl al. (l.c.) who 
condensed 2-O-bcnzoj'lpbloroglucinnldcbj-dc (I) 
with £o-0-tctra-ncctyl-^-glucosidoxy-4-ncctoxy- 
3:5-dimcthoxj'ncotophcnono (II) bj' means of 
hj’drogen clilorido in dry ethyl acetate. An 
acylatcd flni-j’hum salt was obtained which gave 
cenin (III) after treatment first with sodium 
hydroxide and then with h}-drocbloric acid. 
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In certain varieties of hothouse grapes am in 
is accompanied by about 10% of malvidin, 
whilst in red wine ns much ns one quarter of the 
colouring matter maj’ consist of the freo antho- 
ejmnidin. 

“ Cj’clamin ” isolated from the flowers of 
Cyclamen pcrsicum ^lill. is identical with cenin 
(Bell and Robinson, J.C.S. 1931, 136, 813), 
which is also the main constituent of tlio pig- 
ment obtained from the red flowers of Primula 
polyanthus (Scott-MoncriefT, Biochoin. J. 1930, 
24, 767). 

“ Ampolopsin ” (v. Vol. I, 3575 ; III, 551c), 
loo, tho colouring matter of tho berries of the 
wild vino {Ampclopsis giiimptcfolia Jlichx.) 
probably consists largely of cenin. 

W. B. 

CESTRIOL (v. Vol. VI, 2G9a). 

“OILDAG ’’(u.Vol.I, llOd ; 11,3105; HI, 
288a). 
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OILS, DRYING (v. Vol. H', Sic). 

OILS, ESSENTIAL. Essential oils may 
be broadly defined as mixtures of volatfie 
organic compounds, non-miscible -witb -water, 
to wbicb the odours of vegetable substances are 
due. They consist mainly of terpenes and their 
oxygenated derivatives but occasionally contain 
compounds of nitrogen and sulphur; other 
elements are not kno-wn to be present. The 
essential oils may occur as such in plants or, 
less frequently, rnay result from the degradation 
of glycerides by enzjmie action. The chief 
conSituents are : 

Hydrocarbons. — Ocimene, myrcene, cymene, 
pinene, sylvestrene, limonene (dipentene), cam- 
phene, phellandrene, fenchene, geraniolene, 
eudesmol, caryophyllene-, santalenes. 

Alcohols. — Geraniol, nerol. citroneUol, ter- 
pineols, bomeol, linalool, menthol, santalol, iso- 
pulegol, perillyl alcohol, fenchyl alcohol, cedrol, 
famesol, phenylethyl, benzyl, cinnamyl, and 
methyl alcohols. 

Phenols. — Thymol, carvacrol, eugenol, vanillin. 

Ethers. — Anethole, methyl cha-vicole, safrole, 
eucalyptole, ascaridole. 

AlMydes. — Citral, citroneUal, anisaldehyde, 
benzaldehyde, cinnamaldehyde. 

Ketones. — Camphor, irone, carvone. menthone. 
pnlegone, fenchone, piperitone, acetophenone. 

Esters of acetic, butyric, tighc, salicylic, 
benzoic acids. 

Methods of ExTRAcrroK. 

There are, in general, four methods of ex- 
traction : 

1. Distillation vrith steam or -water. 

2. Expression. 

3. Extraction by means of volatile solvents. 

4. Absorption in purified fats (Enfleurage). 

By far the greater number of essential oils 

are isolated by distillation at atmospheric 
pressure -with steam or water. The methods are 
comprehensively treated by T. H. Durrans (Perf. 
& Essent. Oil Eec., June S, 1920) in C. Eiechea- 
berg, “ Einfache und frabtionerte Destination 
in Theorie -and Praxis,” 1923, by A. L. Bloom- 
field (Perf. & Essent. Oil Eec., March 24, 1936 
cf scg.) and inS. Yoimg, “Distillation Principles 
and Processes,” Macmillian, 1922. This method 
which dates back to remote antiquity is applied 
throughout the world to a -wide variety of 
vegetable materials. It consists essentially in i 
treating the plants in a suitable state of division 
to the action of steam generated either in a 
sepaiate boiler or in the still itself by direct 
heat in the presence of -water. Frequently, 
distillation is carried out -without any pre- 
treatment of the vegetable material, as in the 
case of easily permeable materials such as 
leaves, twigs, petals, flowers, buds, herbs, and 
grasses, but occasionally it has to be reduced 
to a suitable state of subdi-vision in order to 
render it permeable and thus permit the distil- 
lation to be completed -within a reasonable time. 
The speed of distillation may be increased by 
working the stiU under pressure and by the use 
of superheated steam, but these devices are only 
employed when the higher temperatures thus 
obtained do not cause undesirable decomposition. 
Experience has sho-wn that a preliminary partial 


drying of the materials sometimes aids subse- 
quent distillation and better products are in 
consequence obtained, but there is considerable 
risk of loss of essential oil by evaporation and 
by aerial oxidation. In some instances, such 
as Patchouli, fermentation is permitted before 
distillation in order to rupture the oil cells, 
while in the case of kernels such ns bitter 
almonds, apricots, and peaches, enzymic fermen- 
tation is first necessary in order to liberate the 
benzaldehyde from the glucoside amygdahn. 

The proportion of oil which passes over -with 
the steam depends on three factors — the vapour 
pressure and the molecular weights of its con- 
stituents and the rate at which the oil is liberated 
from the charge. The folio-wing table indicates 
the average ofl percentages in such distillates, 
but the results are largel 3 - dependent ou the last 
factor. 

Material. 

Ajowan seeds . 

Angelica seeds . . 

.Aniseeds .... 

Bavle.aves .... 

I Cedarwood .... 

Cubebs 

I Ginger root 

Coriander seeds 
Carawav seeds . . 

Cloves 

Patchouli le.aves . . 

Peppermint . . . 

Pimento .... 

■West Indian Sandalwood 
Celery seeds . . . 

Vetivert root . . . 

Cinnamon bark . . 

(Eechenberg, op. cil.) 

IVhen reading the above table it must be 
borne in mind that during the initial stages of 
the distillation, when the distillate consists 
largely of the constituents of lo-wer boiling-point, 
the percentage may be very much higher while 
the reverse may be the case towards the end 
of the distillation ; indeed, the percentage may 
then be improfitably low. 

Distillation is not a suitable process for the 
isolation of certain essential oils which rmdeigo 
some destruction on exposure to heat and water, 
and in such cases one of the three other methods 
mentioned above are used. Citrus oils, lemon, 
orange, bergamot, and grapefruit are prepared 
mainly by expression, the Sicilian Scorzetta and 
Spunga (Sponge) method in particular being 
used for the preparation of oil of lemon. This 
method is described by A. H. Bennett (Chem. 
and Ind. 1943, 320) as follo-ws : 

“ The fruit is cut in half and the pulp separated 
from the peel by means of a special form of 
spoon -with a sharp edge. This is inserted at the 
junction of the white pith (albedo) -with the 
juice-containing pulp, and by a quick turn of the 
-wrist this pulp is extracted whole, -without any 
liberation of juice, leaving the peel practically 
free from adhering pulp. The p^ is dipped in 
-water and allowed to stand for some horns and 
then passes to the workman who extracts the oil. 
This is done by pressing the peel between 
sponges. The bending of the peel breaks the 
oil cells and the oil, together with some water, 
spurts out and the mixture is collected in an 
earthen-ware howl from which the oil is decanted 
at the end of the operation. Absorption by the 
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sponge breaks anv emulsion that may hare 
b^n formed by the colloidal substances present 
in the r-ater and the decanted oil is almost 

clear.” . , , 

In California the -whole fimit is_ crushed, tJie 
Juice containing about I^o of oil is screened to 
remove coarse particles and the oil separated by 
a centrifuge of the high-speed clarifier typo. 
Complete separation of the oil is not ofiected 
by this method, about one-half remaining in the 
jm'ce from which an oil of inferior quafity may 
be isolated by distillation. 

In another method the whole fruit is rasped 
by a revolving surface ha-ving sharp points 
which scrape the fhiit while being sprayed -with 
water containing 2% of sodium bicarbonate 
(U.S.P. 1814S8S, 1931). Tlio oil is then centri- 
fuged out and the clear oil thus obtained is 
almost equal in quality to the hand-pressed oil. 
Eecently, the “ sfumatrico ” machine has been 
employed. In this machine the depulpcd peel 
is subjected to a bending process mccbanically 
while being sprayed -with water, the object 
being to disrupt the oil cells and liberate the oil 
■without other material which causes emulsifi- 
cation. Orange oil is mainly obtained by the 
sponge method in Sicily and by the rasping 
method in CaUfomia and Rhodesia. 

Bergamot oil is separated mechanically by 
rasping tbo whole fruit between two cup- 
shaped surfaces, the upper one of which is 
ribbed and rotates while the lower is stationary 
and provided -with a grating surface. The 
resulting mixture is pressed in sacks to remove 
the solid raspings and the oil and water arc 
subsequently separated from one another. 

Extraction by volatile solvents is resorted to, 
mainly in the Grasse district of South France, 
for the extraction of flower perfumes such ns 
Hyacinth, Tuberose, Jasmine, Narcissus, ns the 
delicate odour of these oUs is spoilt by steam 
distillation methods. A petroleum fraction of 
very low boiling range is the usual solvent as it 
has the advantage that it docs not extract water 
or too large a proportion of non-volatile sub- 
stances such as chlorophyl, stcaropteno, resins, 
and waxes ; such extracts arc termed “ Con- 
cretes,” and are usually of a thin chcesc-Ukc 
consistency. Re-extraction of the Concrete 
■with cold alcohol yields, after evaporating the 
alcohol, the so-called “ absolute ” flower per- 
fume and consists mainly of the essential oil. 

The enfleurage process consists in exposing 
flo-wer blossoms for several days on sheets of 
purified lard cast on glass ; the lard absorbs the 
volatile essential oil, which is then extracted 
with cold alcohol as above. 

ANALYSIS. 

The characteristics quoted in this monograph 
for the ■various essential oils arc those usually 
found, and it does not follow that oils which do 
not conform -with these figures are adulterated. 
Quite large variations in the composition of oils 
may be the result of climatic conditions, environ- 
ment, soil composition, historj- of the crop, time 
of cropping, age, method of distillation, and so 
on, while not infrequently variations arc caused 
oy the admixture or confusion of two species 


of the plants such as often occurs with the 
lavenders, pine needles, and cucalypts. 

Information of great value can generally Iw 
obtained by carefully smelling the oil as it 
evaporates from a clean filter paper. By this 
means an expert can often form a valid con- 
clusion on the quality and purity of an oil, 
whereas reliance on analytical figures alone may 
be quite misleading. 

Although blending is frequenth’ done, adidtor- 
ation is not widely* praetbed now, but wa.s 
common, and even condoned, a decade or so 
ago ; thus the adulteration of Ceylon ritronclla 
oil with paraffin and of cn.«.sin oil with rosin were 
recognised trade practices. Other forms of 
adidtcration whicli have been frcqiicntly 
recorded are lemon oil with citral and terpene 
from the preparation of tcrpcnele.'^s oil; otto 
of rose with citroncllol and waxes; bitter 
almond oil with sj-nthetic bcnzaldchydc ; 
cinnamon oU ■\vith synthetic cinnamaldchyde ; 
■wintergrecn oil with sj-nthctic methyl salicylate ; 
American peppermint oil with rectified Japane.'C 
oil; lavender and bergamot oils with linalyl 
and tcrpinyl acetates and s\-nthctic esters such 
as tricthyl citrate; sandalwood oil mth cedar 
wood oil ; and ncroli oil with petit grain oil. 

Methods for determining the characteristics of 
essential oils have been recommended by the 
“ Standing Committee on the Uniformity of 
Analytical Methods ” first published in “ Tlie 
^Vnalyst ” (1927 ct fcq.). {See nho F. W. Atack 
and E. Hope, “ Tlie Chemists’ Year Book.” 
1936, Sherrat and Ilnghcs, Manchc.ster.) The 
conditions recommended for the determination 
of the physical characteristics arc as follows : 

Specific Gravity (p). — Temperature (unlc.ss 
otherwise stated) ]6-r)"c. compared with water 
at 15-5®c. (Tlic coefficient of c.xpansion of 
essential oils is of the order of 0 001 per '‘c.) 

Optical notation (a) i.s cxpres'cd in terms of 
angular rotation of sodium light p.assing t hrough 
100 mm. of oil at flO^c. 

JReJradivc InUcx (up) is usually determined 
in an Abb6 typo rcfractomcter at a temperature 
of 20®c. (unless othenrisc stated) for tho T) 
sodium lino. (Tho refractive index diminishes 
by about 0 000 15 per l°c. rise in terajK-rature.) 

Solubility in Alcohol. — 1 c.c. of tho oil is 
shaken in a 100 c.c. stoppered graduated glns.s 
cylinder with alcohol at 15°c. of definite strength, 
1 c.c. of alcohol being added repeatedly until a 
clear solution is first obtained. Tho test is not 
alwn 3 -s definite ns pcnnnncnt opalescence some- 
times obscures tho end-point. 

Melting- and F reccing -Pomls (M.p. and F.p.). 
— ^The apparatus recommended consists of a 
stout-wallcd glass test-tulx', 12ox 15 mm. (inside 
measurements), fitted into a wide-mouthed jar 
or bottle of about 500 c.c. capacitj-, b\- means of 
a bored cork and an inner test-tube', lOOx 21 mm., 
fitted into the larger tube also b\- means of a 
bored cork. Tho thermometer used shmdd bo 
readable to one-fifth of a degree, and should 
have a diamoter about 5 or 6 mm., and tho 
length of tho bulb should bo between 15 and 
20 mm. 

Freezing-Points: Method of Procedure. — In 
order to obtain a preliminary indication, a few 
c.c. of the oil are cooled in a small test tube and 
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stirred with the thermometer until solidification 
takes place ; the temperature is noted, and the 
tube of solidified oil set aside in a cool place. 
The outer container of the apparatus is then 
filled with water (or brine) at a temperature 
about five degrees lower than that indicated 
above and the larger outer tube fitted in its 
place. Into the inner tube 100 c.c. of the oil 
are placed, the thermometer inserted, and the 
tube and oil cooled to the temperature indicated 
in the preliminary test. The tube and contents 
are now inserted in the apparatus, and the 
temperature allowed to fall a further one or 
two degrees. The oil is then seeded with a trace 
of the previously solidified oil and stirred with 
the thermometer until solidification takes place. 
The highest temperature reached is taken as the 
freezing-point. 

Melting-Points . — ^After the determination of 
the freezing-point the inner and outer tubes are 
removed together from the water-jacket and the 
temperature allowed to rise slowly, the oil being 
stirred continuously with the thermometer until 
the liquid becomes “ clear.” 

Estimation of Constituents. 

The following methods are those recommended 
for the estimation of various compounds in 
essential oils, as the methods are not in general 
specific it is usual to return the results in terms 
of the preponderating member of the class. 

Esters. 

The following reagents are required ; 

Alcohol (90% by volume). 

Alcoholic potassium hydroxide : approxi- 
mately N./IO prepared by diluting alcoholic 
potassium hydroxide, approximately n,/2, with 
90% (by volume) alcohol and standardising by 
titration with N./IO acid using phenolphthalein 
as indicator. 

Alcohohc potassium hydroxide : approxi- 
mately N./2 prepared by dissolving 33 g. of 
potassium hydroxide of reagent purity in 1 1. 
of 95% (by volume) alcohol, allowing to stand, 
and decanting or filtering the clear liquid. 

Sulphteic acid or hydrochloric acid : N./2. 

Phenolphthalein ; 0-2% solution in 60% 

alcohol. 

Method of Determina ion . — ^Two grams of the 
oil, or other suitable quantity so that the amount 
of alkali added is at least double that required 
for saponification, are weighed into the saponifi- 
cation flask; 5 c.c. of freshly well-boiled and 
neutralised alcohol are added, and the free acid 
is titrated with N./IO alcoholic potassium 
hydroxide solution, using 0-2 c.c. of phenol- 
phthalein solution as in£cator. The result of 
the titration is calculated to acid value (mg. of 
KOH required for the neutralisation of 1 g. of 
the oil). To the neutralised solution in the 
flask are then added 20 c.c. of N./2 alcoholic 
potassium hydroxide solution, and the whole is 
boiled under a reflux condenser for 1 hour, at 
the end of which time the excess of alkali is 
titrated immediately with N./2 acid, using an 
ad^tional 0'5 c.c. of phenolphthalein solution 
as indicator. At the same time a blank determi- 
nation is carried out by boiling for 1 hour under 
a reflux condenser 5 c.c. of alcohol, 20 c.c. of 


N./2 alcoholic potassium hydroxide, and 0-2 ml. 
of phenolphthalein solution, then titrating 
immediately with N./2 acid after the addition 
of a farther 0'5 c.c. of phenolphthalein solution. 

The difierence between the two titrations is 
calculated to the percentage of esters in the 
usual manner, using the appropriate factor. 
Those for the most commonly occurring esters 
are as follows : 

Bomyl acetate . 0'0981 Santalyl acetate . O-lSll 

Geranyl acetate . 0-0981 Methyl salicylate. 0-0760 

Ltnalyl acetate . 0-0981 Geranyl tiglate . 0-1181 

Menthyl acetate . 0-0991 

Alcohols. (Acetylatable Constituents.) 

Alcohols such asgeraniol, citronellol, menthol, 
and linalool are estimated by acetylating the oil 
and then determining the ester content. The 
method of acetylation is as follows : 

10 c.c. of the oil, 20 c.c. of acetic anhydride 
(95-100%), and 2 g. of freshly fused anhydrous 
sodium acetate, are mixed in a long-necked 
round-bottomed 200 c.c. Kjeldahl flask; a 
fragment of broken glass is added, and the 
contents boiled gently under an air reflux con- 
denser for 2 hours. 

The flask should be supported on a sheet of 
asbestos board, in which has been cut a hole 
about in. in diameter, and should be heated 
by a small naked flame, placed about 1 in. below, 
and not impinging on the bottom of the flask. 

At the expiration of 2 hours, the flame is 
removed and the flask allowed to cool : 60 c.c. 
of water are added, and the flask and contents 
heated on a boiling water bath for 16 minutes, 
with frequent and thorough shaking. After 
cooling, the contents of the flask are transferred 
to a separating funnel and the lower aqueous 
layer rejected. The acetylated oil is then washed 
successively with : (1) 50 c.c. of brine (saturated 
aqueous solution of sodium chloride) ; (2) 60 c.c. 
of brine containing 1 g. of sodium carbonate in 
solution; (3) 50 c.c. of brine; (4) 20 c.c. of 
water. JDxtures 1, 2, and 3 should be shaken 
vigorously, but the final washing with water 
must be conducted udth gentle shaking only. 

The oil is separated and mixed wjth about 
3 g. of powdered anhydrous sodium sulphate, 
stirred for 16 minutes or until one drop produces 
no cloudiness when added to 10 drops of carbon 
disulphide in a dry test tube. The oil is then 
filtered through a dry filter paper in a covered 
funnel and the esters determined as above. 

Certain oils, such as citroneUa, contain the 
aldehyde citronellal, which, under the action 
of acetic anhydride, isomerises to the ring 
alcohol fsopulegol, the alcohol value being raised 
correspondingly. In such cases it is usual to 
return the result as “ total acetylatable consti- 
tuents,” calculated as geraniol. 

To differentiate between the geraniol and the 
citronellal of Java citroneUa ofls, the aldehyde 
is converted into the unsaponifiable nitrile, and 
the alcohols re-estimated. The procedure is as 
follows : 

10 g. of hydroxylamine hydrochloride is dis- 
solved in 25 c.c. of water, and a solution of 10 g. 
potassium carbonate in 25 c.c. of water added; 
the mixture is filtered and shaken thoroughly 
with about 10 g. of the oil for 2 hours at 15-18°. 
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and titrate with the n./ 2 alcoholic potassium 
hydroxide imtil the red colour changes to yellow. 
Continue the shaking and titratmg until the M 
yeUow coloiu' of the indicator is permanent in 
the lower layer after shaking vigorously for 2 
minutes, and then allowing to stand to separate. 
The reaction is slow towards the end, but 
, should be complete in about 16 minutes. 

The completed titration liquid, plus a slight 
excess of alcoholic potassium hydroxide (1 or 
2 drops), may be used as colour standard for the 
end-point of a subsequent determination. 

The number of c.c. of N./2 alcohoho potassium 
hydroxide required, multiplied by the correcting 
factor I'OOS, by the factor 0-076 for citral, and 
by 100, and divided by the weight of the oil 
taken, iviU give the percentage of aldehydes, 
calculated as citral. 

The volume of the n./ 2 hydroxylamine hydro- 
chloride used should be varied according to the 
citral content of the oil, the excess of hydroxyl- 
amine hydrochloride over the alcoholic potash 
required being from 1 c.c. to 2 c.c. in aU cases. 

Sulphite Method,. — Suitable for oils of almond, 
cassia, cinnamon bark, and lemongrass, but not 
considered to be so accurate as the hydroxyl- 
amine method given above. 

10 c.c. of the oil is accurately pipetted into a 
flask of 150 c.c. capacity, the neck of which is 
long and about 10 mm. internal diameter, 10 c.c. 
of which is graduated in 0-1 c.c. (Cassia flask). 
To this is added about an equal volume of hot 
sodium bisulphite solution (30% strength) and 
the mixture weU shaken for a few minutes; 
frequently, however, the mixture becomes solid 
almost immediately, and further quantities of 
bisulphite solution are added from time to time 
with frequent shaking, and the whole is kept 
hot on a boiling-water bath until the solid first 
formed is completely dissolved and only oil 
remains ; the flask is then filled TOth bisulphite 
solution, so as to bring the imabsorbed oil up 
into the graduated portion of the neck; it is 
then set aside to cool and for the unabsorbed 
oil to float out. The difference between the 
original volume of the oil and that unabsorbed 
is a measure by volume of the aldehyde content 
of the oil. 

Ketones. 

In oils of Caraway, Dill, Spearmint, Pepper- 
mint, Pennyroyal, and Eumlyplus dives. 

The solutions required are the same as those 
for CitroneUal with the exception that the 
alcohoho potassium hydroxide must be N./l. 

Method of Determination. — Weigh out exactly 
into a stoppered tube (approximately 160 mm. 
long by 26 mm. in diameter) about 1-6 g. of 
caraway, dfll, or spearmint oil, or 3 g. of pepper- 
mint oil ; add 20 c.c. of the N. -hydroxylamine 
hydrochloride reagent, and titrate with n.- 
alcohoho potassium hydroxide until the red 
colour changes to yellow. Place the tube in-a 
water-bath at 75-80°., and neutrahse the 
hberated acid with W-alcohohc potassium 
hydroxide at five-minute interaJs ; at the 
expiration of 40 minutes complete the titration 
to the full yellow colour of the indicator and note 
the reading of the burette. 

Two determinations should be carried out 


side by side, using two burettes, and the one 
first completed, plus a slight excess of alcohoho 
potassium hydroxide (0-6 c.c.), shoifld he used 
as a colom- standard for the end-point of the 
duphcate. The percentage should be cal- 
culated from the duphcate determination. 

The number of c.c. of N.-alcohoho potash 
required, multiphed by the correcting factor 
1-008, by the factor 0-160 for carvone or 0-164 
for menthone, and by 100, and divided by the 
weight of oil taken will give the percentage (by 
weight) of the ketones calculated as carvone or 
as menthone. 

For the estimation of pulegone in Pennyroyal 
oil a reaction time of 75 minutes is required. 

Phenols. 

In oils of Ajowan, Bay, Cinnamon leaf. Clove, 
Origanum, Pimento, and Thyme. 

The determination is carried out in a flask 
consisting of a bulb of about 160 c.c. capacity 
with a long neck, of which 10 c.c. is graduated 
in tenths of a cubic centimetre, the length of the 
graduated portion being not less than 16 cm. 
Before use, the flasks should be cleansed with 
concentrated sulphuric acid and weh rinsed out 
with distilled water. 

Method of Determination. — 80 c.c. of 6% 
aqueous potassium hydroxide solution are placed 
in the flask, followed by 10 c.c. of the clear oil, 
and the mixture thoroughly shaken at 6 minute 
intervals during 30 minutes, at room temperature. 

The unabsorbed portion of the oil should then 
be raised into the neck of the flask by the 
gradual addition of more of the potassium 
hydroxide solution, and the separation of the 
oUy layer facilitated by rotating the flask 
between the hands and gently tapping. After 
standing for not less than 24 hours, the volume 
of unabsorbed oil should be read off, taking the 
bottom line of the meniscus, in each case. The 
proportion absorbed, multiplied by 10, wfll give 
the percentage by volume of the phenolic content 
of the oil under examination. 

Eucalyptol {Cineole). — In oils of Cajuput, 
Eucalyptus, Camphor containing a minimum of 
60% of cineole. 

Three grams of oil and 2-1 g. of pure o-cresol 
are accurately weighed into a test tube of about 
16 mm. diameter and 80 mm. length ; the 
mixture is carefully melted while stirring with 
an accurate thermometer graduated in fifths of a 
degree centigrade ; when the mixture is com- 
pletely homogeneous stirring is stopped and 
the test tube is inserted through a bored cork 
into a wide-mouthed bottle acting as an air 
jacket and allowed to cool slowly imtil crystal- 
lisation commences. The mixture is then 
stirred vigorously and the highest temperature 
reached is taken as the freezing-point. The 
mixture is remelted and the determination 
repeated until two concordant results are 
obtained. The percentage of cineole is cal- 
culated from the following Table : 


% Cineole. 

F.p. "O. 

% Cineole. 

F.p. °0. 

100 

55-2 

70 

41-7 

95 

63-5 

65 

38-8 

90 

61-5 

60 

35-0 

85 

49-5 

55 

31-2 

80 

47-0 

50 

27-4 

76 

44-4 

45 

23-5 
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Eor oils of cineole content below 50% it is 
advisable to add a known proportion of pure 
cineole before making the determination. 

I 

Oil of Ajowan. 

Source— Fruit of Plijchoiis ajowan (Carttm 
copticum). {Trachyspertmm ammi) (Bishops 
weed). Yield up to 4%. 

Habilai. — ^India. 

Gonslituenis. — ^Thymol 35-55%,^ carvacrol, 
oymene, pinene, dipentene, terpincne, phcl- 
landrene. 

Characteristics. — ^pO'91-0'93; a 0° to +2 ; 
nj, 1485-1-510. 

Uses. — Carminative, antiseptic. Dose i-3 
mins. 

Oil of Bitter Almond. 

{Oleum Amygdalse Amaric.) 

Source. — ^Fermented kernels of Pruuus amyg- 
dalus (almond). {Amygdaius communis.) P. 
persica (peach). P. armeniaca (apricot). Yield 
up to 1'6%. 

Habitat. — World-wide in temperate and tropical 
climes. 

Isolation. — The kernels are crushed, the fixed 
glyceride oil pressed out, and the i)rc.ss cake 
finely groimd ; then mixed with water and 
maintained at a temperature approacliing G0“ 
to cause enzymic splitting of the bcnzaldcliydc 
cyanohydrin. The benzaldchydo is isolated by 
steam distillation, care being taken to lead the 
poisonous hydrocyanic acid away. The S.A.P. 
(sine acido Prussico) quality is obtained by 
washing the oil with ferrous sulphate — lime 
solution. 

Constituents. — Bcnzaldehydo 96-98%. 

Characteristics. — S.A.P. oil. p 1‘050-1'053 ; a 
up to -M0° ; tId 1-542-1'54G. 

Uses. — ^Flavouring and perfumery. 

Oil of Aniseed. 

{See also Star Aniseed.) 

Source. — Fruit of Pimpinella anisum. Yield 
up to 6%. 

Habitat. — ^Asia Minor and S. Russia. 

Constituents. — ^Anethole 80-95%, fcnchonc, 
cymene, anise ketone, anisaldehydc, cumin- 
aldehyde. 

Characteristics. — p 20° 0*976-0-990 ; a 0 to 
—2°; Ujy 1-552-1-660. Soluble in 3 vol. 90% 
alcohol. F.p. 15-19°. The B.P. recognises 
both oils of Aniseed and requires p-“ 0-980- 
0-994; a -2 to 4-1; 1-553-1-560. F.p. 15° 

min. M.p. 17° min. Soluble in 3 vol. of 90% 
alcohol. 

Uses. — ^Medicinally as an aromatic carmina- 
tive and expectorant for linctus ; also for the 
treatment of cholera. Dose 1-3 mins. In 
Pharmacy for Elixir of Cascara Sagrada and 
Tinct. Opii. Camphorata. Flavouring con- 
fectiona^, liquems, and dentifrices. An in- 
ferior oU is distilled from the leaves. Star 
Amseed is the usual aniseed oil of commerce. 

Oil of Bay. 

{Oleum Myreise.) 

Source. — ^Leaves of Pimenta acris tree {Eugenia 
aens) {Myrcia acris). Yield up to 3%. 


J/ahitol.— West Indies ; Venezuela. 

(7o>/5ril«e7ite.— Eugenol, methyl eugcnol, chavi- 
col, mcthj-1 chavicol, citral, myreeno, phcllan- 
drcnc, pinene. 

Gkaradcristics. — p 0-960-0-985 ; a up to —3 ; 

1-50-1-52. Phenols 50-70%. Soluble in 
2 vol. 70% alcohol. 

Uses. — Bay Rimi and astringent lotion.s. 
R.W. Coefficient, 5-5. 

Oil of Bergamot. 

Source. — ^Fresh peel of Citrus bergamia 
{aurantium). 

Jlabitat.-^outh Italy. 

Constituents. — Linalool, linnlyl acetate, ncrol, 
tcrpincol,dihydrocumlc alcohol, octylonc, pinene, 
campheno, limonenc, bornylenc, bisabolcnc, 
bergaptene. 

Characteristics. — p 0-S7S-0-S87 ; a -f 5 to 
-b26°; Jij, 1-461-1-168. Linnlyl acetate .30-1.5% 
(usually 35-40%). Linalool 18—10%. Stenrop- 
tone 4-2-6-2%. Soluble in 2 vol. S0°% alcohol. 

Uses. — ^^Vidcly in pcrfuniery, especially for 
Eau do Cologne. For methods of detecting 
esters added to give fictitious values, see Perf. 
& Essent. Oil Rcc. 1923, 14, 359. 

Oil of Cajuput. 

Source. — Leaves and twigs of MclaleucaJ 
shrubs, csiTccinlly M. maideni {M, Icucadcndron ; 
M. minor). Yield up to 2%. 

Habitat. — ^Mnlny jxuiinsula; Dutch East 
Indies; North Australia ; Strait Scttlement.s; 
Jlolucca Isles. 

Constituents. — Cineole, /•o-pineno, Mimonenc, 
terpineol, tcrpinyl ncclatc and butyrate, benz- 
nldohydo, sesquiterpenes. 

Characteristics. — ^p 0-917-0-930 ,- a —1° to 
-5° 1-465-1-472. Cineole 45-6.5%. Soluble 

in 2 vol. 80% alcohol. The B.P. requires : 
p 0-916-0-926 ; a not over -4° ; Uj, 1-104-1-472. 
Cineole 50-65%. Soluble in 2 vol. 807o alcohol. 

Uses. — Jledicinaliy ns aii antispasinodic carmi- 
native and intestinal antisoplic. R.W. Csjofli- 
ciont, 1 ; iilild external counter-irritant for 
rheumatism. Dose 1-3 mins. 

Oil of Cananga. 

Source. — Flowers of Cananga odorata. Yield 
up to 2%. 

Habitat. — Java and Manila ; also to a small 
extent in Reunion, Seychelles, and .Madagascar. 

Constiluents. — ^p-Crc.syl inctUvl other with 
small amounts of ncrol, farnesol, linalool, 
linal}'! acclate, and scsquitorponcs. 

Characteristics. — Java Cananga : p 0-91-0-92 ; 
a -15° to -40°; wj, 1-495-1-505. Ester value 
10-30. Acetyl value 50-80. An oil of superior 
odour obtained in Manila by selection of the 
choicest fractions from the distillation is known 
as Ylang-ylang. 

Uses. — Perfumery. 

Oil of Camphor. 

Source, — Cinnamoiman camphora. {Laurus 
camphora.) Yield: Leaves and twigs 1-41%. 
Trunk and branches up to 6%. 

Habitat. — Japan, Formosa, Hainan, and East 
Central China. 
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Oonstiiuents. — ^The leaves and small twigs 
yield an oil consisting mainly of camphor, while 
the oil from the trunk and large branches con- 
tains little or no camphor and consists largely 
of safrole; the other constituents are cineole, 
terpones, and sesquiterpenes. Camphor (up to 
40%) and Safrole are isolated from the oil by 
freezing and fractionation respectively and the 
residual oils are sold as Light and Heavy 
Camphor Oils. 

GJiaracterietics. — (i) Light or While Camphor 
Oil. pO'87-0-92; o -f9° to -b23°; Uo 1-465- 
1-475. Boiling range 165-215°. R.W. CoefiS- 
cient, 0-4. This oil consists mainly of pinene, 
fenchene, hmonene, phellandrene, cineole, with 
small proportions of terpineol, borneol, ter- 
pineol, citroneUol, cuminol, carveol, eugenol, 
4-ethylguaiacol, piperitone, etc. 

(ii) Heavy or Brown Camphor Oil. — p 0-97- 
1-07 ; 1-49-1-53. Boiling range 200-270°. 

This oil has had most of the safrole removed, 
but oils containing 25-35% of safrole have 
p 1-018-1-028. The constituents of the de- 
safrolated oil are mainly sesquiterpenes such as 
cadinene, a- and ^-camphorene. Both light and 
heavy camphor oils vary widely in quality. 

Uses. — Camphor is used medicinally and for 
the manufacture of celluloid. Safrole is used 
for the manufacture of heliotropin and as a 
perfume for household soaps; light camphor 
oil for the isolation of cineole, as a substitute 
for turpentine and for liniments ; heavy cam- 
phor oil for liniments and as a basis-perfume for 
soap stock. 

Oil of Caraway. 

Source. — Seeds of Garum carat. Yield 3-7%. 

Habitat. — ^Northern and Central Europe, 
mainly Bussia, PoUand, and Holland. 

Constituents. — Carvone 60-65%, limonene, 
traces of dihydrocarvone, carveol, and dihydro- 
carveol. 

Characteristics. — p 0-91-0-92 ; a -i-69° to -i-82° ; 
»£, 1 ■484-1-490. The B.P. requires: p 0-91- 
0-92 ; a -f 70° to -1-80°,- Wu 1-485-1-492. Soluble 
in 1 vol. 90% or 7 vol. 80% alcohol. Carvone 
63-63%. 

Uses. — Medicinally, as an aromatic carmina- 
tive to relieve colic and griping, especially for 
children, in the form of Aqua Cari. Dose 1-3 
mins. Perfumery and flavouring. 

Oil of Cassia. 

Source. — ^Bark, leaves, and twigs of Cinna- 
momum cassia (Chinese Cinnamon). Yield up 
to 2%. 

Habitat. — ^Kwangsi and Kwantung provinces, 
China. 

Constituents. — Mainly cinnamaldehyde, also 
o-methoxycinnamaldehyde, o-coumaraldehyde, 
salicyaldehyde, benzaldehyde, cinnamyl alcohol, 
coumarin. 

Characteristics. — p 1-05-1-07 ; a —1° to -1-6°; 
7?x> 1-60-1-61. Aldehydes 80-95%. Soluble in 
2 vol. 70% alcohol. Formerly often adulterated 
with rosin and paraffin. Lead sometimes 
present. 

Uses. — Flavouring. Soap perfumery. Isola- 
tion of cinnamaldehyde. R.W. Coefficient, 1-4. 
Medicinally as for cinnamon oil. Dose ^3 mins. 


Oil of Cedarwood. 

Source. — J uniperus virginiana (Virginia Cedar, 
Florida Cedar) . Mainly from the waste shavings 
of pencil factories ; also, to a small extent, from 
Cedrus atlantica, Cedrus libani, J uniperus procera 
and other varieties. Yield up to 6%. 

Habitat. — ^Widely in U.S.A. 

Constituents. — The sesquiterpenes — cedrol, 

cedrenol, cedrene. 

Characteristics. — Oil from J. virginiana 
p 0-94-0-97; a -25°-60°; Kd 1-49-1-62. Ester 
value 2-7. Acetyl value 16^0. Soluble in 20 
vol. 90% alcohol. 

Uses. — ^Incense and fumigating. R.W. Coeffi- 
cient, 1-6. Soap perfumery. Microscopy. 

Oil of Chamomile. 

(Oleum Anthemidis.) 

Source. — ^Flowers of Anthemis nobilis (Roman 
chamomile). Yield up to 1%. 

Habitat. — Southern and Western Europe. 
Britain, Belgium, France, Italy. 

Constituents. — ^Mainly esters of butjn-ic, an- 
gelic, and tiglic acid with amyl and hexyl 
alcohols ; also anthemol and azulene, to which 
the blue colour of the oil is due. 

Characteristics. — p 0-905-0-920 ; a —3° to -}-3° ; 
«x, 1-442-1-459. Ester value 220-320. 

Uses. — Medicinally as an aromatic carmina- 
tive. Dose ^3 mins. 

Oil of Cinnamon Bark, 

Source. — ^Under layer of bark of Cinnamo- 
mum zeylanicum. Yield up to 2%. 

Habitat. — ^Mainly Ceylon, but also Jamaica, 
Seychelles, India, and Mauritius. 

Constituents. — Cinnamaldehyde 60-76%, 
eugenol 5-10%, benzaldehyde, methyl amyl 
ketone, pheUandrene, pinene, cymene, nonyl 
aldehyde, Unalool, cumic aldehyde, caryo- 
j phyUene, esters of isobutyric acid. 

Characteristics. — p 0-950-1-03 ; a 0° to —8°, 
seldom over —2° ; Wj, 1-565-1-690. Soluble in 3 
vol. 70% alcohol. The B.P. requires : p 1-00- 
1-03 ; a 0° to -2° ; Ud 1-566-1-582. Soluble in 
3 vol. of 70% alcohol. Aldehydes 60-65%. 
The oil is usually distilled in England; that 
distilled in Ceylon sometimes contains leaf oil. 
Adulteration with synthetic cinnamaldehyde or 
with cassia oil distiUates has been detected. 

Uses. — ^As a spice, both for its flavour and its 
germicidal properties. R.W. Coefficient, 7-9. 
Medicinally as a carminative and antiseptic for 
internal use, and for inhalation. Dose 1-3 mins. 
In perfumery. 

Oil of Cinnamon Leaf. 

Source. — ^Leaves and twigs of Cinnamomum 
zeylanicum. Yield about 1%. 

Habitat. — ^Mainly Ceylon, but also Jamaica, 
Seychelles, India, and Mauritus. 

Constituents. — ^Eugenol 70-95%, cinnamalde- 
hyde and benzaldehyde up to 3%, pinene, a- 
phellandrene, dipentene, safrole, methyleugenol, 
bomeol, geraniol, caryophyllene, a-terpineol, 
Unalool, cinnamyl alcohol. 

Characteristics. — p 1-045-1-065; a —1° to 4-3° 
(often too dark for observation) ; %, 1-630-1 -546. 
Soluble in 3 vol. of 70% alcohol. 
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Uses. — ^As a source of ougenol for the manu- 
facture of vanillin. R.W. Coefficient, 7-10. 

Oil of Ceylon Citronella. 

Source. — Gymbopogon nardus {Andropogon 
' nardus). Lena batu grass. Yield up to 0*7%. 

Habitat. — Ceylon, Seychelles. 

Oonslituents.—GcTiimol 30-40%, citronellal 
15-20%, homeol, nerol, camphene, dipcntenc, 
limonene, meth 3 deugenol, citronellol, farncsol, 
methylheptenone, thujone ; acetate, butyrate,, 
and valerate esters. 

Characteristics. — p 0'898-0-920 ; a —7° to 
—14°; Tlx, 1-4785-1 -4900. Acetylatablo con- 
stituents 55% min. Soluble in 10 vol. 80% 
alcohol. 

Uses. — ^Perfiuning household soaps, polishes, 
carbide, etc. R.W. Coefficient, about 2. 

Oil of Java Citronella. 

Source. — Gymbopogon nardus {Andropogon 
nardus). Yield up to 0-7%. 

Habitat. — Java, Burma, Malay. 

Constituents. — Citronellal 35-50%, citronellol 
and geraniol 35-45%, citral, dihydrocitronollal, 
dicitroneUol ether, mothyleugenol, scsquicitro- 
neUene. 

Characteristics. — p 0-885-0-900 ; a —6° to 
+ 1° ; 1-465-1-473. Acctylatalile constituents 

80-95%. Non-volatile residue 2-6%. Soluble 
in 3 vol. of 80% alcohol. R.W. Coefficient, about 

2 . 

Uses. — ^Perfumery. Source of geraniol and 
citronellal. 

Oil of Cloves. 

Source. — ^Unopened flower buds of ever- 
green Eugenia caruophyllata {Caruophidlus aro- 
malicus). Yield 11-20%. 

Habitat. — ^Zanzibar, Jladagascar, Penang, 
Pemba. 

Constituents. — Eugenol 78-98%; ncctj-l- 
eugenol up to 17%, a- and ^-carj-ophyllcno, 
traces of vanillin, benzyl alcohol, mcthj-l amyl 
carbinol, methyl heptyl carbinol, valeraldchydc, 
salicylic acid, methyl benzoate, methyl amyl 
ketone, methyl heptyl ketone, dimcthylfurfural. 

Characteristics. — p 1-044-1-069 ; a up to -2-5°; 
Uq 1-528-1-540. Eugenol 80-95% ; soluble in 
3 vol. 70% alcohol. The B.P. requires : 
p 1-047-1-060; nj, 1-528-1-537. Eugenol 85- 
95%. Soluble in 2 vol. 70% alcohol. 

Uses. — ^Flavouring, preservative, antiseptic. 
B.W. Coefficient, 8. Manufactxiro of vanillin and 
rsoeugenol. Medicinally as an expectorant, 
internal antispasmodic antiseptic, antincuralgic, 
counter -in-itant, and as an antiseptic mild 
anaesthetic in dentistry. Dose 1—3 mins. 

Oil of Clove Stems, 

Source. — Leaves and stems of Eugenia caryo- 
phyllata. Yield 5-6-5%. 

Habitat. — Zanzibar, Madagascar, Penang, 

Pemba. 

Constituents. — As oil of cloves. 

Characteristics.— p 1-04-1-07; a up to -1-5°; 
"Dl-53yl;64. Eugenol 82-95%. The odour of 
this oil is inferior to that of clove -bud oil, 

Vol. VIII.— 42 


Oil of Coriander. 

Source.— Fruits of Goriandnm sativum . Yield 
up to 1%. ^ , _ 

Habitat. — ^Levant, Russia, Central Europe, 
Morocco. 

Constituents. — d-Linalool, geraniol, borncol, 
pinene, cymeno, dipcntenc, terpinolcnc, phcl- 
landrene, y-terpinene, dccaldelij-do, acetic and 

Characteristics.— p0-S10-0-S85; a +1° to 
-H4°; Uj, 1-463-1-470. Soluble in 3 vol. 70% 
alcohol. Esters 4-23%. Alcohols 60-80%. The 
B.P, requires: p 0-870-0-884 ; a -{-8° to -}-15°; 
«D 1-402-1-472. Soluble in 3 vol. of 70% 
alcohol. 

Uses. — Li Eau do Cologne, liqueurs, flavours. 
Medicinally as a carminative stimulant and to 
prevent griping. Dose 1-3 mins. 

Oil of Dill. 

{Oleum Ancthi.) 

Source. — Fruit of Anethum gravcokns {Peace- 
dantim gravcolens). Yield up to 4%. 

Habitat. — Central to Southern Europe, India, 
North East Africa. 

Constituents. — Cani-one 40-05%, phellandrone, 
limonene, a decalricnc, dill-apiolc. 

Characteristics. — ^Tho B.P. requires; p 0-900- 
0-915; a -1-70° to -1-80°; 71^ 1-481-1-492. 
Soluble in 1 vol. 90% or 10 vol. 80% alcohol. 
Carvono 43-03%. 

Uses. — As an aromatic carminative, especially 
for infantUo flatulence. Dose 1-3 mins, (for 
adults). 

Oils of Eucalyptus. 

(V. Vol. IV, 389d.) 

There arc over 300 species of Eucalyptus, 
which form about 75% of the vegetation of 
Australia. Thej- have boon cxhaustivelj- studied 
by 11. T. Baker and II. G. Smith (“ A Research 
on the Euoal.vpts, cspcciiillj’ in ng.ird to tlioir 
essential oils,” Sydney-, 1920, 2nd cd.) and b^- 
Ponfold ct al. (Proc. Roy. Soo. N.S.W. 1923-24). 
Only a few are distilled for cssenfinl oil, namely 
E. australiaiia, E. amygdaJina, E. citriodora, and 
E. dives. 

Oil of E. australiaiia. 

This is the most widely distilled of tho 
eucalyptus oils and is used in pharmacy. It 
replaces tho oil of E. globulus, which was fonnerl 5 t 
tho onlj' oil recognised bj- tho B.P. and which 
was generally a mixture of oils from various 
species. Partial fractionation of tho oil is 
usually practised to improve its quality. 

Constituents. — Cineolo 70-90%, tasmanol, 
piporitonc, phellandrone, pinene, torpineol, 
geraniol, citral. Yield 3%. 

Characteristics. — Tho B.P. requires : p 0-910- 
0-930; a -5° to -1-5°; 71^, 1-458-1-470. Soluble 
in 5 vol. of 70% alcohol. Cineolo 70% min. bj- 
tho cresineol method. 

Uses. — Pharmacy; R.W. Coefficient, 5. 
Mineral flotation. Perfuming dentifrices. In- 
halations. Internally' for catarrhal inflamma- 
tion of tho mucous membranes. Dose 1-3 mins. 
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Oil of E. amygdalina. 

Confusion exists over tlie exact species to 
which this name refers. The oil of commerce 
probably arises from aU or mixtures of the oils 
of E. ampgdali'na peppermint of Tas- 

mania). E. amygdalina (var. nitida of N.S.W.) 
and E. phellandra (narrow leaf peppermint of 
N.S.W.). In commerce the name amygdalina 
is recognised as denoting oils of high phellan- 
drene and low cineole content. 

ConstituenU.-^Gmeole 6-35%, phellandrene, 
piperitone. 

Characteristics- — p 0'86-0-90 ; a —15° to —70° ; 

1-47-1-48. Solubility in alcohol very variable. 

Oil of E. cilriodora. 

Source. — E. citriodora (citron scented gum). 
Yield up to l-6%- 

Habitat. — ^North Queensland. 

Cowslilncnls.— Citronellal 90-98%, geraniol, 
pinene. 

Characteristics. — p 0'865-0'905 ; a —1° to 
-1-2°; Wjj 1-450-1 -468. Soluble in 2 vol. 7% 
alcohol. 

Uses. — Perfumery and as a source of 
cintronellal. 

Oil of E. dives. 

Source. — E. dives (broad leaf peppermint). 
Yield up to 4%. 

Habitat. — New South Wales, Queensland. 

Constituents. — Cineole, piperitone 50%, piperi- 
tol, 4-terpinenol, pinene, phellandrene 40%. 

Characteristics. — p 0-890-0-907 ; a —65° to 
—80°; %, l-479-l'481. Soluble in 1 vol. 80% 
alcohol. Piperitone 46-53%. 

Uses. — As a source of piperitone for the 
manufacture of thymol and menthol. There 
are at least four varieties of E. dives which yield 
oils of widely diHerent composition. The one 
commercially available is that in which piperi- 
tone predominates, the characteristics for which 
are given above. 

Oil of Fennel. 

Source. — ^Fruit of Fosniculum vulgare {F. 
capillaceum) [F. dulce). Yield up to 6%. 

Habitat . — ^Russia, Roumania, Greece, Asia 
Mnor, India, Japan. 

Constituents. — Anethole 60-90%, fenchone, 
methylchavicole, pinene, dipentene, hmonene, 
phellandrene. 

• Characteristics. — p 0-96-1-00 ; a 4-4° to 4-24°; 
nj 3 1-525-1-540; E.p 4-3 to 4-10. Soluble in 
1 vol. 90% alcohol. 

Uses. — As for oil of Star Aniseed. 

Oil of Geranium. 

Source. — Pelargonium capitatum. P. radula. 
P. odoratissimum. P. graveolens. Yield up to 
2 %. 

Habitat. — ^Reunion, Algeria, South France, 
British East Africa, Tanganyika, Spain. 

Constituents — Citronellol 40-76%, geraniol 
25-60%, nerol, )3-phenylethyl alcohol, terpineol, 
linalool, menthol, menthone, phellandrene, esters 
of tigUc, acetic, isobutyric, and isovaleric acids. 


Characteristics. — p 0-888-0-906 ; a —7° to 
—14°; %> 1-462-1-472. Acetyl value 200-235. 
Ester value 40-100. Soluble in 3 vol. 90% 
alcohol. 

Uses . — In perfumes of the rose type. 

Oil of Ginger. 

Source. — Rhizome of Zingiber officinale ; 
Alpinia galanga. Yield up to 3%. 

Habitat. — Jamaica, Cochin CWa. 
Constituents. — ^Zingiberene, camphene, phel- 
landrene, bomeol, cineole, citral, zingiberol, 
decaldehyde, linalool, methylheptenone. 

Characteristics. — p 0-874-0-888 ; a —30° to 
—67°; Hj) 1-490-1-497. Acetyl value 30-62. 
Not clearly soluble in 90% alcohol. 

Uses. — ^Flavouring. Medicinally as a carmi- 
native. 


Oil of Gingergrass. 

Source. — Sofia Rosha grass. Cymbopogon 
wartimt- 

Habitat. — ^Widely in India. 

Constituents. — Dibydrocmnic alcohol (perrylic 
alcohol), geraniol, carvone, dipentene, liifionene, 

phellandrene. 

Characteristics. — p 0-900-0-956 ; a —30° to 
-f64°; Hu 1'4'^8-1-495. Soluble in 3 vol. of 70% 
alcohol. Total alcohols 36-70%. Esters ^ 
65%. 


Oil of Lavender, 

Source . — Flowering tops of Lavandula offi- 
cinalis {E. vera, L. fragrans, L. ddphinensis). 
Yield up to 1%. 

Habitat. — South France, South England. 

Constituents. — Linalyl acetate 28-60%, 
linalool, cineole, bomeol, geraniol, coumarin, 
ethyl amyl ketone, pinene, caryophyllene, esters 
of acetic, butyric, valeric, and caproio acids. 

Characteristics. — The B.P. requires : 


French. 

p 0-883-0-895 

a -3“ to -10“ 

«p 1-459-1-464 

Esters 35% min. 

Solubility in 70% 

alcohol .... 4 vol. 


English. 

0- 882-0-900 
-3“ to -10” 

1- 459-1-470 
7-12% 

4 vol. 


Uses . — ^Widely in perfumery. In medicine as 
a carminative. Dose 1-3 mins. Cf. Oil of 
Spike Lavender. 


Oil of Lemon. 

Source. — ^By expression of the fresh skins of 
lemons. Citrus limonia. 

Habitat. — Sicily, South Italy, California. 

Constituents. — Citral 4-6%, hmonene, pinene, 
camphene, phellandrene, terpinene, octaldehyde, 
nonaldehyde, citronellal, terpineol, linalyl ace- 
tate, methylheptenone, bisabolene, cadinene, 
citraptene. 

Charaderistics . — 

Sponge Machine 

extracted. extracted. 

p 0-856-0-859 0-857-0-860 

a 4-56“ to 4-62“ 4-56“ to 4-62“ 

jiD 1-474-1-476 

Citral 4-5-6-0% 3-4-5% 
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The B.P. requires : p 0-857-0-861 ; a +67 to 
+65°; l'474-l-476. Citral4%mia. 

Uses. — ^Flavouring. Perfumery. 

Oil of Lemongrass. 

Source. — Cymhopogon citratus, G. fl^uosus 
{Andropogon citratus and jlexuosus). Yield up 

to 0-^%- . c . , 

Habitat. — ^East India, Ceylon, Strait Settle- 
ments, West Indies, Java, Burma, Seychelles, 
Cochin, Tanganyika. 

Constituents. — Citral 70-85%, n-dccaldehyde, 
citronellal, methj'lheptenone, geraniol, tor- 
pineol, limonene, cymene, sesquiterpene. 

Characteristics. — p 0-880-0'908 ; a —5° to 
+3°; «!, 1-482-1 -489. Solubility 3 vol. 70% 
alcohol. Oil of Lemongrass is sometimes mis- 
named Oil of Verbena, ■which is the oil obtained 
from Lippia citriodora — also Imoivn ns Melissa 
Oil. 

Uses. — ^As a source of citral for perfumery. 

Oil of Limes (Distilled). 

(p. Vol. Vn, 312a) 

Source. — Citrus aurantifolia. 

Habitat. — ^West Indies (Montserrat, Trinidad, 
Barbados, Dominica, Martinique). 

Constituents. — Citral. limonene, linalool, linalyl 
aeetate, terpineol, cymene. 

Characteristics. — p 0-859-0-8G9 ; a +30° to 
+52°; «i, 1'476-1-47S. Citral up to 2%. This 
oil is obtained during the concentration of lime 
juice. 

Uses. — ^Flavouring. Perfumery. 

Oil of Limes (Expressed). 

Source. — Citrus limetta. 

Habitat. — Southern Italy, West Indies. 

Constituents. — Citral G-9%, bisabolcne, tcr- 
pineol, linalool, linalyl acetate up to 25%, 
citraptene 9-18%, methyl anthranilatc. 

Characteristics. — p 0-878-0-902 ; a +30° to 
+44°; no 1-482-1-48G. 

Uses. — ^Flavouring and as a substitute for Oil 
of Lemon. 


Oils of Linaios. 

(v. Vol. VII, 31Gc.) 

Mexican {Hois de citron Mexique), 

Source. — Wood and fruit of Bursera del- 
pechiana and B. alcexylon. Yield up to 3%. 
Habitat. — ^Mexico. 

Constituents. — ^Linalool 60-70%, geraniol, ter- 
pineol, methylheptenone, methylhoptonol. 

Characteristics.— p 0-815-0-QQ0 ; a —16° to 
+8°; nj, 1-460-1-46G. Ester value up to 75. 
Soluble in 3 vol. 70% alcohol. 

Cayenne {Bois de Bose). 

(Source.— Wood of Ocotea caudala. Yield 1%. 
Habitat. — ^French Guiana. 

Constituents. — ^Linalool GO— 90%, terpineol 6%, 
geraniol and nerol 6%, mothylhoptonono, 
cmeole, dipentene, methylheptenol. 

Characteristics.— pO-870-0-882; a -10° to 

—20°; «jj 1-46 1-1 -446. Ester value 3-7. 
Soluble in 2 vol. 70% alcohol. 

Uses.— Perfumery of Lily of Valley typo. 


This oil is not to bo confused -with Oil of Bose- 
ivood (Bhodium Od) distilled from Convolvulus 
iloridus and C. scoparius, for wliich the character- 
istics are : p 0-880-0-S85 ; a 2 to ’ 
I-4GI-I-46S. Soluble in 2 vol. of /0% 
alcohol. 


Oil of Mustard. 

Source.— Ripe seeds of Brassica nigra (Black 
mustard) and B. juncca, after freeing from fi.xcd 
gl 3 ’ccrido oil by expression and enzymic fermen- 
tation to break do^m the glucosido sinigrin 
(potassium myronato). Yield up to 1-25%. 

Habitat. — ^Widely throughout Europe. India, 
North America. 

Constituents. — ^All^d fsothiocyanato 92-98%, 
nll 3 d cyanide, carbon disulphide, dimethyl sul- 
phide. 

Characteristics. — p 1-016-1-025. Optically in- 
active. iio 1-625-1-528. Boiling range 145- 
163°. 

Uses. — Medicinally ns a vesicant and rube- 
facient in h'nimonfa and plasters. As a spice 
and preservative. 

Oil of Neroli, 

Source. — Fresh flowers of Citrus bigaradia {C. 
aurantium, amara) (bitter orange). Yield up to 
0-15%. 

Habitat. — Mninl 3 ' South Franco, also Portugal, 
Spain, North Africa. 

Constituents. — Linnl3-1 acetate, ncr 3 -l acetate, 
linalool, nerol, famcsol, moth 3 ’l anthranilatc, 
pineno, enmpheno, limonene, dccaldch 3 'do, 
indole, P-phcnylcth 3 ’l alcohol, terpineol, jn.s- 
mono, netolidol, esters of acetic, benzoic, and 
phcn 3 -laceUc acids. 

Characteristics. — p 0-870-0-8SO ; a +1-5° to 
+1°; «D 1-4G75-1-474. Ester no. 30-70. 
Soluble in 2 vol. of 70% alcohol. 

Uses. — Widol 3 ' in porfumcr 3 ’, cspeciall 3 ’ in 
Eau do Cologne and orange flower water. 

Oil of Nutmeg. 

{Chum Myristiav.) 

Source. — ^Dricd nuts of Myristica fragrans {M. 
malabarica, M. argentea). Yield G-15%. 

Habitat. — Moluccas, Penang, Sumatra, Singa- 
pore, Cc 3 don, West Indies. 

Constituents. — Terpineol, bomcol, geraniol, 
pineno, dipentene, enmpheno, myristicin, safrolo, 
ougenol, linalool. 

Charactcrislics.—Tho B.P. requires ; p 0-8S0- 
-0-925 ; a +10° to +30° ; w„ 1-474-1 -488. Non- 
volatile residue 3% max. Soluble in 3 vol. 90% 
alcohol. ' 

Uses. — Confootionory. Perfumery. In phar- 
macy for spirit of sal volatile. Medicinally ns 
a stimulant for the cerebral cortex and ns a 
carminative. It is poisonous and may produce 
convulsions. Dose 1-3 mins. 

Oil of Orange. 

Source. — ^Two varieties of oil obtained by 
expression of the fresh peel of Orange are avail- 
able. Sweet from Citrus sinensis and bitter 
from Citrus vidgaris and Citrus aurmitium 
amara. 
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Habiiat . — Sicily and Southern Italy, West 
Indies, South Africa, California. 

OonstituenU. — d-Limonen© 90-95% ; decalde- 
hyde; nonyl alcohol; terpineol; linalool; 
methyl anthranilate ; esters of butyric and 
caprylic acids. 

Gharacteristics . — 

Sweet. Bitter. 


p ... . 

a.... 
ns ... ■ 

Aldehydes . 
Residue. 
Solubility in 
alcohol . 


0-8485-0-8500 0-853-0-855 

+ 98^0+100° +91° to +96° 
1-473-1-475 1-473-1-475 

l-3-l-6% l-4-2-5% 

l-5-2-5% 2-6-4% 

1-8 vol. 1-8 vol. 


Uses . — In perfumery and as a flavouring 
agent. 


Oil of Palmarosa. 

Source . — ^Motia Rosha or Rusa grass, Cymho- 
pogon martini {Andropogon schcenanthus) ; not 
to be confused -with Sofia Rosha grass from 
which Gingergrass Oil {q.v.) is obtained. Palma- 
rosa Oil is also known as East Indian Gieranium 
Oil. Yield 0-3% or up to 2% on dried grass. 

Habitat. — ^India, chiefly in the Bombay 
Presidency, Central Provinces, and the Behars. 

Constituents . — Geraniol and citronellol 75- 
95% in a ratio of about 1-4:1. Esters of acetic 
and oaproio acid 12-16%. Dipentene 1%. 
Methylheptenone ; farnesol. 

Gharacteristics. — p 0-886-0-900 ; a —3° to 6° ; 
nj 3 1-472-1-478. Soluble in 3 vol. 70% alcohol. 

Uses . — ^Perfumery for rose type perfumes. 


Oils of Pennyroyal. 

{Oleum Pulegii.) 

European. 

Source. — Mentha pulegium. 

Habitat. — ^France, Spain, Sicily, Hungary, 
and Russia. 

Constituents. — ^Pulegone, menthone, menthol, 
limonene. 

Gharacteristics. — p 0'930-0-960 ; a 13° to 
-1-36°; 1-482-1-487. Soluble in 2 vol. 70% 

alcohol. Ketones up to 90%, mainly pulegone. 


American. 

Source . — Leaves and stalks of Hedeoma pule- 
gioides. Yield about 1'6%. 

Habitat . — North Carolina, Ohio, Tennessee. 

Constituents. — 1-Menthone 50%, pulegone 30%, 
methylcyciohesanone 8%, d-isomenthone, I- 
pinene, Z-limonene, dipentene, a sesquiterpene 
alcohol. 

Uses . — Medicinally as an emmenagogue. 
Hose 1-3 mins. 


Oils of Peppermint. 

There are two general types of Oil of Pepper- 
mint produced from the fresh flowering tips 
of (1) Mentha piperita mainly in the U.S.A., and 
(2) Mentha arvensis mainly in Japan, China, 
and Formosa, 


Oil of Mentha piperita. 

Yield up to about 0-6%. 

Constituents. — Z-Menthol, menthone, a-pinene, 
Z-limonene, menthyl acetate, menthyl iso- 


valerate, cineole, pheUandrene, cadinene, di- 
methyl sulphide, etc. 

Characteristics . — p 0-900-0-920 ; a —18° to 
—35° ; %, 1-460-1-464. Total menthol 60-62% ; 
menthone 9-19%; esters 5-14% as menthyl 
acetate. The B.P. requires : p 0-902-0-915 ; 
a -18° to -30° ; 1-460-1-470. Soluble in 

4 vol. of 70% alcohol. Esters 4—9%. Free 
menthol 46% max. The U.S.P. requires : 
p25 0-896-0-908; 0^5-23° to -33°; 1-460- 

1-471. Soluble in 4 vol. 70% alcohol. Com- 
bined menthol 6%. 

English Peppermint Oil, which has character- 
istics similar to those of the American oU, is 
considered to have a superior odour. 

Uses. — Flavouring and confectionery. 
Liqueurs. Pharmaceuticals. Toothpaste, etc. 
Medicinally as a carminative. Dose 1-3 mins. 

Oil of Mentha arvensis. 

Yield up to 2%. 

As originally distilled this oil contains up to 
86% of free menthol, part of which crystaflises 
out on cooling. The ofl normally exported from 
Japan is the so-called “ Dementholised ” oil. 

Constituents. — Z-Menthol, ^leomenthol, men- 
thone, menthenone-1, piperitone, pulegone, 
ethyl amyl carbinol, cineole, 2-hexenyl phenyl- 
acetate, menthyl acetate, limonene. 

Gharacteristics . — 

Original Dementholised 

oil. oil. 


p 0-900-0-910 0-895-0-905 

o -26° to -42° -24° to -85° 

1-458-1-464 1-458-1-465 

Total menthol . . . 78-92% 40-60% 

Combined menthol . 2-7% 4-14% 


Uses . — Preparation of menthol. Flavouring. 
Medicinally ns an aromatic stimulant and 
carminative to relieve flatulence and colic and 
prevent griping. Its germicidal properties are 
insignificant. Dose 1-3 mins. 

Oil of Petitgrain. 

Source . — ^Leaves and yoimg shoots of Citrus 
bigaradia {Citrus aurantium, amara) (bitter 
orange). Yield up to 0-4%. 

Habitat. — Paraguay, South France, Mediter- 
ranean area. 

Constituents. — ^Linalool, nerol, geraniol, ter- 
pineol and their acetic esters. Metliyl anthrani- 
late, camphene, pinene, limonene, furfural. 

Gharacteristics . — 



French 

Paraguayan 


oil. 

oil. 

p 

0-888-0-897 

0-885-0-900 

a 

1 

M 

o 

O 

CO 

o 

-3° to +11' 

Wd 

1-460-1-470 

1-459-1-466 

Esters 

50-70% 

35-60% 

Solubility in alcohol . 

2 vol. 80% 

2 vol. 80% 


Uses . — ^Perfumery as a substitute for the finer 
Oil of Neroli. 


Oil of Pimento. 

(Allspice.) 

Source . — ^Fruit of Pimenta officinalis {Eugenia 
pimenta). Yield 3-6%. 

Habited. — West Ladies (Jamaica), Mexico, 
Costa Rica, Venezuela. 
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Consiihtents. — Eugenol 65-80%, methyl - 1 
engenol, cineole, pheUandrene, caryophyllene. ! 

CJioracleristics . — p 1'025— 1'055 ; a 1 to 
-4°; «!> 1-525-1-535. Soluble in 2 vol. 70% 
alcohol. 

Uses. — Flavourings. Medicinally as a carmi- 
native and with aperients. Dose 1-3 mins. 

Off of P/ne. 

Source. — Stump wood of Pinus palustris (Long 
leaf pine). 

Habitat. — ^U.S.A. 

Constituents. — ^Terpineol 50-70%, homeol 5- 
10%, fenchyl alcohol 5-10%, camphor, anethole, 
methylchavicole, cineole, d^ydroterpineol, ses- 
quiterpenes. 

Characteristics. — p 0‘925-0-945; a —12° to 
-f9°; «!, 1-475-1*485. Boiling range 180-250°. 
Soluble in 2 vol. 70% alcohol. 

Uses. — Disinfectants. Yamish. Perfumery. 
Slineral flotation. Textile manufacture. Wet- 
ting agent. 

This oil is known in the trade as “ Hercules 
Pine Oil ” and “ Yarmor Pine Oil.” 

Oils of Pine Needles. 

There are man}- varieties of Pine-Needle Oil 
but they can be classified in three main classes 
typified-by (1) Abies sibirica, (2) Pinus sylvestris, 
(3) Pinus pumilio. Pine-needle oils differ from 
the turpentine oils in having a relatively high 
proportion of oxygenated constituents. 

Oil of Abies sibirica (Siberian Fir) Oleum 
abietis B.P. 

Habitat . — ^North East Russia. 

Constituents. — Bomyl acetate 30-40%; a- 
pinene, fi-pineae, carnphenc, pheUandrene, di- 
pentene, bisabolene, santene, terpinyl acetate. 
Yield about 13%. 

Characteristics. — p 0-900-0'92S ; a —30° to 
—45°; Tij} 1-467-1-476. Soluble in 1 vol. 90% 
alcohol. The B.P. requires : p 0-905-0-925 ; 
a -32° to -45°; nn I-4G6-1-47G. Bomyl 
acetate 33-45%. 

Uses. — Pine oil perfumes. Inhalant. 

Oil of Pinus sylvestris. 

Habitat. — Central Europe. 

Constituents. — a-Pinene, dipentene, eylves- 
trene, bomyl acetate, terpinyl acetate, cadineno. 
Yield about 15%. 

Characteristics. — p 0-870-0-920 ; a —7° to 
-22°; 71 b 1-475-1-485. Esters 2-16%. 

Oil of Pinus pumilio. 

Source. — Twigs of Pinus pumilico (P. mon~ 
tana). Yield up to 0-75%. 

Habitat. — ^Austria. 

Constituents . — ^PheUandrene, pineno, bomyl 
acetate 5-10%, pumilone, cadinene, dipentene. 

Characteristics.— p 0■BGO-0^8^5 ; a -5° to 
-16° ,- 71b 1-470-1-485. Soluble in 10 vol. 00% 
alcohol. 

Uses.— Perfumery. JiledicinaUy as an expec- 
torant and inhalant for bronchitis and laryn- 
gitis ; also as a rubefacient for rheumatism. 
Dose 1-6 mins. 


Oil of Roses. 

(Otto or Attar of Rose.) 

Source. — Posa damasccna,Ji. alba,R,moschata, 
and H. centifolia. Y’iold up to 0-04%. 

Habitat. — Bulgaria, South Franco. 

Constituents. — Citronollol, gcraniol, nerol, far- 
nesol, )3-phenylctliyI alcohol, neral, citral, 
eugenol, esters, stearoptcnc. 

Characteristics. — p 0-84Q-Q-S62; a —1° to 
-4°; tIb 1-4G0-1-4G5. F.p. 19-22°. Stearop- 
tene 15-20%. (M.p. 33-37°.) Alcohols 60-78% 
CitroneUol ,25—40%. 

Uses. — ^Widely in perfumery. 

Oil of Rosemary. 

Source. — Flowering tops and leaves of the 
shrub Rosmarinus officinalis and hybrids. Yield 
up to 2%. 

Habitat. — ^Mediterranean districts ; Franco, 
Spain, Dalmatia, Tunis, Greece. 

Constituents. — Borncol 8-20 % ; bomyl acetate 
up to 6%; a-pinene, cineole, camphene, 
camphor. 

Characteristics. — p 0-S90-0-922 ; a —6° to 
-M,3°; Up 1-4G5-1-473. Soluble in 10 vol. 80% 
alcohol. Tlic B.P. requires: p 0'900-0-919 ; 
a —5° to -M0°; 1-4G4-I-476. Soluble in 1 vol. 
90% and 10 vol. 80% alcohol. Esters 2% min. 
Bomeol 9% min. 

Uses. — I?crfumory of the Eau do Cologne tj-pc 
and for hair lotions ns Spiritus Rosmnrini. 
The oil has been subjected to mud) adultcmtion 
in the past. 

Oil of Sandalwood. 

Hast Indian Oil (Oleum Santali). 

Source. — Heart wood of the evergreen Santa- 
lum album. Yield 2-5-S-5%. 

Habitat. — ^Tho high altitudes of Mysore, 
Madras, Bombay. 

Cousfifi/cnts.-^antnlol 90-97%, santene, snn- 
tenone, santalonc, snntcnol, tercsantnlol, a- and 
)5-santaIenes, santalal, nortricye/wksantalnl, 
santnlic acid, teresnntclic acid, snntalcnic acid. 

Characteristics. — p 0-973-0-985 ; a —15° to 
—21°; 7tB 1-503-1-610. Soluble in 5 vol. 70% 
alcohol at 20°. Esters 4-6-5%. Viscositv at 
20° about 138 centipoises. 

Iffcsf Australian Oil (Oleum Santali 
Austrnliensis). 

Source. — ^IVood of the largo bush Fusanus 
spicatus {Santalum cygnorum ; S. spicata ; 
Eucarya spicatum). Yield about 2%, 

Habitat — ^In the west and mid-continent of 
Australia, 

Co7istitucnts. — a- and j3-fusanol over 90%. 

Characteristics. — p 0-970-0-970 ; a —3° to 

10°; Tip 1-498—1-508. Soluble in 3-6 vol. of 
70% alcohol. 

Z7scs.— Until recent times the East Indian 
oil from S. album was the only one recognised 
by the pharmacoproias. The West Australian 
oil from S. australicnsis is now similarly 
recognised. Phenol coefficient about 1-5. Jifedi- 
cinally for cystitis and gonorrhoea. Dose 6-15 
mins. Oils of Sandalwood are used in porfumery 
on account of their odour and fixative properties. 
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Oil of Sassafras. 

Source — Roots and bark of Sassafras officinale 
{Lauras sassafras). Yield up to 9%. 

Habitat. — Virginia, Carolina, -Tennessee, 
Canada. 

Constituents. — Safrole 80%, pbellandrene 10%, 
camphor 7%, cadinene 3%, eugenol. 

Characteristics. — p 1-068-1-082 ; a -{-1° to 
+5°; 1-526-1-831. Ester value up to 2. 

Soluble in 2 vol. 90% alcohol. 

Uses. — ^Medicinally as a rubefacient and 
anodyne liniment and to destroy pediculi. 
Dose 1-6 mins. Perfume for soap base and 
household soap. 

Oil of Shui (Ho). 

Source. — Uncertain, probably the Shu Sho 
Boku or “ Stinking Camphor tree,” a species of 
Cinnamomum or MacMlus. 

Habitat. — ^Formosa. 

Constituents. — Linalool 60-90%, eugenol, 
safrole, camphor, cineole, pinene, dipentene, 
linalyl acetate. 

Characteristics. — p 0-870-0-895 ; a —1° to 
—16°. Ester value up to 30. 

U ses. — Perfumery. 

Oil of Spike Lavender 
(Aspic). 

Source. — Lavandula latifolia (L. spica ; L. 
vulgaris). Yield up to 1%. 

Habitat. — South France and Spain. 

Constituents. — Borneol, linalyl acetate, hna- 
lool, camphor, geraniol, cineole 33-40%, 
terpineol. 

Characteristics . — 


French. Spanish. 

p 0'900-0'921 0-903-0-922 

a -4'=to+7° -5” to +12° 

n-D 1-464-1-468 1-464-1-470 

Ester value . . . 3-22 4-27 

Alcohols .... 25-40% — 

Solubility in 70% 

alcohol .... 3 vol. 3 vol. 


Uses. — Perfumery. Pottery glazes. As an 
insect repellent. Cf. Oil of Lavender. 


Oil of Star Aniseed. 

Source. — ^Fruit of Hlicium verum. Yield up to 

6 %. 

Habitat. — ^Krvangsi, South China ; Hainan. 

Constituents. — Anethole 90%, Methylchavi- 
cole, p-propenylphenol, limonene, pinene, anis- 
aldehyde, anise ketone, pbellandrene, terpineol, 
safrole, bisabolene, cadinene. 

Characteristics. — ^p^® 0-975-0-990; a —2° to 
+1°,- nj, 1-550-1-560. P.p. 15-19°. Soluble in 
3 vol. 90% alcohol. 

Oil of Thyme. 

Source. — Many species of Thymus, mainly 
T. zygis {gracilis), T. vulgaris (Spanish TomiUo), 
and Ocimum viride. Yield up to 2%. 

Habitat. — Spain, Portugal, South France, 
Crete. 

Constituents. — Thymol, carvacrol, borneol, 
terpinenol, geraniol, linalool, menthene, cam- 
phene, cymene, terpinene. 

Characteristics. — p 0-916-0-955 ; a —4° to -f 2° ; 
Ujy 1‘49~1-51. Phenols 30-50%. Soluble in 2 
vol. of 80% alcohol. The ratio of thymol to 
carvacrol varies considerably. 

Uses. — Perfumery. Deodorants and germi- 
, cides. R.W. Goofdcient, about 14. Medicinally 
as an antiseptic carminative and anthelmintic 
and for the treatment of -whooping cough and 
bronchitis. Dose 1-5 mins. 

Oil of Turpentine. 

Turpentine varies -widely in composition. 
There are four types recognised industrially : 

1. Cum Spirits of Turpentine. — Obtained by 
steam distilling the oleo-resin exudation from 
various conifers, such as Pinus palustris, P. 
hetero-phylla, and P. maritima, consisting mainly 
of a-pinene. 

2. Wood Turpentine. — Obtained by steam 
distilling chips and stumps, consisting largely 
of dipentene. 

3. Wood Turpentine. — Obtained by destruc- 
tive distillation of chips and stumps. 

4. Sulphite Turpentine. — Obtained as a by- 
product in the manufacture of paper pulp from 
wood and consisting largely of carene. 


A.S.TtM. Spirits of Turpentine, D13-14. 



Gum spirits of 
turpentine. 



Wood turpentine. 




Steam 

distilled. 

Sulphate. 

Destructively 

distilled. 


Ma-x. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Pl6 

0-875 

0-860 


0-860 

0-875 

0-860 

0-866 

0-860 



Residue after polymerisation 

1-478 

1-465 

1-478 

1-465 

1-478 

1-465 

1-483 

1-463 

ivith 38 N-H 2 SO 4 , Vol. % . 



2 

— 

2 

— 

2 

— 

2 

— 

— 

1-500 

— 

1-500 



1-500 

— 

1-480 

Initial B.p./760 mm., ° 0 . . 

% distilling below l60'’o./760 

160 

150 

160 

150 

160 

150 

157 

150 

mm 

% distilling below 180'’o./760 

— 

90 

— 

90 

• 

90 

— 

60- 

mm 






— 


90 
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OILS, ESSENTIAL. 


The following grades are recognised* : 

British Standard Turpentine., Type 1, No. 244, 
1936, consists of refined gum spirits of turpentine 
having the following characteristics : p 0-862— 

0- 872; B.R. below 160°c. 1% mas.; below 
170°o. 95% min. Residue 3% max. % 1-469- 

1- 478. Residue unpolymerisable by sulphuric 
acid, 11% max. F.p. 90 °f. min. 

British Standard Turpentine, Type 2, No. 290, 
1936, is distilled from oleo-resins or wood by 
steam or destructive distillation, and has 
p 0-869-0-876; B.R. below 160°, 1% max.; 
below 170°, 70% min. ,- below 180°, 90% min. 
Residue 2% max. n^, 1-463-1-483. 

The American Society for Testing Materials 
recognises aU four of the varieties described 
above, the specifications being as given in the 
table opposite. 

Oil of Vetiver. 

Source. — ^Roots of Indian couch-grass or Cus- 
cus, Veiiveria zizanioides {Andropogon muri- 
catus; A. squarrosus ; V. m^iricatus). 

Habitat. — ^Jlainly in British India, Malay 
States, Ceylon. Also in Java, West Indies, 
Brazil, Seychelles, Reunion, Gold Coast. 

Constituents. — ^hlainly sesquiterpenes, viz. vcli- 
vene, vetiverone, vetivenol, and osiers. 

Characteristics. — p 0-98-1-03 ; a -f20° to -}-39°,- 
Hq 1-51-1-53. Soluble in 2 vol. 80% alcohol 
(turbid with more). 

Uses. — Perfumer}' as an odoriferous con- 
stituent and as a fixative. Medicinally in 
India by the Ancients. The distillation is 

• The British and American specifications quoted 
below are given In an abbreviated form suitable for 
quick reference only. For a proper understanding of 
the figures It is necessarj- to consult the detailed specifi- 
cations which can respectively be obtained from the 
British Standards Institution, 28 Victoria Street, 
London, S.W.l, and the American Society for Testing 
Materials, 260, South Broad Street, i’hiladclphia, 
II.S A., who own the copyrights. 


mainly done in Europe from imported roots. 
Yield up to 3-3% (dry basis). Average oil 
percentage in distiUatc 0-02. 

Oil of Wintergreen. 

(Sweet Birch, Oleum Bciulvc.) 

Source. — Leaves of herb Gaultheria pro- 
cumhens (Wintergreen) (Tea berrj-). Bark of 
tree Betula Icnta (Sweet Birch). 

Habitat. — U.S.A., New England, Illinois, 
Alleghany. 

Constituents. — ^Icth}-! salicylate with traces 
of other esters, an alcohol, ketone, and aldehyde. 

Characteristics. — p 1-180-1-189 ; a —3° to 
-f0-5°; no 1-634-1-538. Soluble in 6 vol. 70% 
alcohol. Methyl salicylate 98% min. 

Uses. — ^Flavouring for choiring gum, tooth- 
pastes. Medicinally for rheumatism and sciatica. 
Dose 6-16 mins. R.W. Coefficient, 0-4. 

Oil of American Wormseed. 

(Oleum Chenopodii.) 

Source. — Flowers and fruits of Chenopodium 
ambrosioidcs var. anthclmintic.um (Baltimore 
Oil). Yield up to 1%. 

Habitat. — ^Jlai^-land, U.S.A., West Indies. 

Constituents. — Ascaridolc, cyraeno, Mimonene, 
sylvcslreno, camphor, safrolc, a-terpinene, 
menthndiene. 

Characteristics. — The B.P. requires : p 0-9G2- 
0-983; o-4° to-S°; 7 Id 1'47-1-1-179. Ascari- 
dolo 65% min. Oils of inferior quality rnaj' 
result from the dccomirosition of the n.scnridolo 
duo to unsuitable methods of distillation. 

Uses. — ^Medicinal)}- as an anthelmintic for 
hook-worm and round-worm. Dose 3-16 mins. 
It is poisonous; toxic symptoms arc transient 
dizziness and vomiting; a purgative should be 
used ns an antidote. 

T. II. 1). 
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' A 

Acetic acid, rdtro-, 491&, 4926 
Acetonitxile, 86 
Activators, 645a 
Active oxygen detn., 541c 
Aculeatin, 446a 
Adiabatic expansion, 600a 
JEscviletin, 446a 
Agathalene, 302a 
Air, composition, 49Sc 
Alcohols, aliphatic, amino-, 
4976 

— , — , nitro-, 4976 
Aldn’s [^-] acid, 307d 
ms-Alkyl and ms-aryl anthra- 
cenes, preparation (see also 
Anthracene, Methylanthra- 
cene), 206, 22a 

Alkylanthracene derivs. in 
natvne, 52d 

Alkylanthracenes, coloured 
tautomers, 366, 38c 

— from aUcyJanthrones, 20c 
ketones and Grignard 

reagents, 33a 

simple condensations, 346 

9- Alkylaiithracenes, bromi- 

nation, 35c 

— , l:5-dichloro-, 24a, 366 
— , 4:5 - dichloro - 9 - cc-hromo-, 
tautomeric, 40c 

— , transannular tautomerism, 
35a 

10- Alkylanthracenes, 10-hy- 

droxy-9:10-dihydro-, 22c 
— , lO-hydroxy-, 22c 
Alkylideneanthrones, 25c, 20c 
— , henzanthrone derivs. from, 
31a 

Alkylnaphthalenes, 389a 
AUanite, 4516 
AUoxanthoxyletin, 450a 
“ Allyloid ” systems, 170a 
AUylisothiocyanate, 255o, 
2566, d 

Aluminium , drop reactions, 
62a 

Amanita muscaria, A. spp., 246c 
A mm onia autoxidation, 6816 
— , catalytic decomposition, 

454d 

— , decomposition, 5526 

— from calcium cyanamide, 

5446 

metallic cyanides, 6446 

y mtrides, 5446 

y- nitric oxide, 5216 

— , infra-red absorption, 505d 

— oxidation catalyst, 5636, 

564d 

poisons, 566a 

, catalysts other than 

platinum, 6696 

converters, 5646, 665c, 

667d 

. electrolytic, 5816 

in solution, 581a 

sulphuric acid works, 
565d 


A mm onia oxidation plant, 1 
564a, 566o, 567c, 668o 

processes, 562c 

with oxygen, 571a 

— oxidation under pressure, 

571d 

— synthetic, 5446 

— , — , nctii'ated iron catalysts 
for, 545a, 546a 

— , — , and methyl alcohol, 6506 
— , — , Casale process, 550c, 
5516 

— , — , catalyst function for, 
645c 

— , — , — plant, 6486, 549a 
— , — , Claude process, 6506, d 
— , — , Duparc process, 651d 
— , — , Fauser process, 551c 
— , — , from cyanamide, 554d 
— , — , — cyanides, 552d 
— , — , — nitrides, 652c 
— , — , gas purification for, 
519d, 560c 

— , — , hydrazine content , 

— , — , liydrogen for, 5476, 548rf 
— , — , largo scale, 6176 
— , — , JlontCcnis process, 552o 
— , — , plant corrosion, 5406 
— , preparation of cat.alysts, 
545d 

— , — , Serpok process, 552c 
— , — , water gas for, 5176 
Ammonium chloride, 682a 

— hydrogen purpurate, 21 on 

— ion, drop reactions, OOn 

— nitrate, 501c 

— phosphates, 582n 

— phosphomolybdate, 222c 

— sulphate, 681c 
Ammoresinol, 4406 

‘ ‘ Ampelopsin,” 019d 
“ Amphipathic ” micelles, 676 
Amylase, 108c 
Anabasine, 477c 
Analytical chemistry litera- 
ture, 018a 

Andresen's acid, 32lo 
Aneurin, Sic, 82c, 481d 

— clc.avagc and absorption 

spectra, 2086 
Angelicin, 44 4d, 448n 
Anilines, nitro-, 487d 
— , — , analysis, 4886 
— ,' — , from chloronitrohen- 

zenes, 488o 

Annabergite, 404a, 4776 
Anthanthrone, 387c, 388d 
Anthracene carboxylic acids, 
20c, 52a 

— derivs. from Guyot’s com- 

pounds (see also Jlethyl- 
anthraconcs, Alkylanthra- 
cenes), 32d 

, influence of J3c-chloro- 

substituonts, 28a, 30a, 44a 
, j5c-methyl substi- 
tuents, 25c, 41c, 44a 
, structural formulro, 21a 

— reaction with benzoquinone. 


Anthracene reaction with 
maleic anhydride, 20d 

— reactions with acyl and alkyl 

halides, 20c 

anhydrides, 20c 

— ring closure, with alkyl (aryl) 

substitution, 33d 

prior substitution, 

22c, 31c 

Anthracenes, addition of alkyl 
(aryl) groups to, 22c 
— , jncso-alkyl and -aryl, pre- 
paration, 206, 22a 
Anthracene series, o- and p- 
quinoid structures, 20c, 
21a 

Anthracenes, Imlogeno-, and 
reactive aryl compounds, 
22c, 28n 

Anthracene, spatial formula, 
27a 

— struct:iro and fluorescence, 

206, 25n, 436, 4.56 
Anthranol, 21d, 24d 
Anthranol-anthrono oquili- 
brium, 24d 

Anthraquinono structure, 21n 

— reduction products, 0-alkyla- 

tion of, 22c 

Anthraquinono s and Grignard 
rcafjents, 22o, 236, 20a 
Antliroic acid, 52a 
Anthrono, 10:10-dichloro-, 25d 

— cnolisation, 236, 25n 

— periodidcs, 25d 

— , 10-phcnyl derivs., 40d 
— , — -10(p -hydroxyphonyl) 
29n 

— structure, 216, 216 
Anthronos, alkylation, 22d 

— , 1:5-, 1:8-, and 4:5-dichloro- . 
116 

— and Grignard reagents, 226, 

236, 26n 

— , arylamido-, 2fln 
— , dilialogeno-, in Friedol- 
Crafts reactions, 20c 
— , from alkyl (aryl) bonzyl- 
hcnzoic acids, 22c, 31c 
— , lialogcno-, and aromatic 
compounds, 22c, 2Sc 
— , influence of a-chlorines on 
rucsohydrogens, 39c 

— , .Bc-cliloro :ind 7?r- 

raethyl substituents, 41a 

— , substituents, 25c, 

d4a 

— , - methyl substi - 

tuents, 25c, 11c, 44a 
— , nitro-, 41c, 44d 
— , preparation, 246 
— , reactions with aldohvdes, 
22c, 29c, 306 

— , bonzophonono, 20d 

— , uusaturated com - 

pounds, 22c, 20c 
— , aj3 - unsaturated ke- 

tones, 30c 

— , flc-suhstltutcd, 246, 25c 
— , 10-suhstituted, 256 
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666 

lO-Anthronylsuccinio anhy- 
dride, 21 d 

Antiknock in aero engines, 6376 

— valne, 632c, 637c 
Antimony, drop reaction, 676 

— trichloride test for polyenes, 

207d 

Anti-Stokes frequencies, 187fl! 
“ Apiezon,” IQld 
Apocadalene, 405a 
Apoenzyme, 4816, 612c 
Arc furnaces, 561c 
Argon production, 504c 
Armstrong acid, 3436 
Arnica montana, Ic 
Arsenic, As'", drop reactions, 
62a 

Ar 5 ’-l£inthracenes from ke - 
tones (see also Anthra- 
cenes), 33a 

phthalides, 326 

Arylnaphthalenes, 386(i! 
A.S.T.M. fuel test, 635d 
Athamantin, 4486! 

“ Atomic ” radii, 148d 
Audibert catalyst, 17a 
Anrapten, 4466 
Ayapin, 4466 
Azeotropic mixtures, 155o 
Azoic dyes, 377o 


B 

Bacteria, ohemosynthesising, 
81a 

— , complex nutrition, 816, 82a 
Barium, drop reaction, 626 
Bast fibres, micro-organism 
damage, 97d 

Beckmann rearrangement of 
oximes, 180c 
Beer's law, 203d 
Beestings, 98c 
Belonesite, 2176 
Benzanthrone reaction, 306 
Benzanthrones synthesis, 306 
Benzene spectra, absorption 
and emission, 2066 
Benzeneazonaphthols, 2736 
Benzenes, chloronitro-, amina- 
tion, 488a 

Benzidene change, 183d 
Benzoic acid, p-amino-, 82a 
l:4-Benzoquinone absorption 
spectrum, 207d 

p-Benzoquinone monoxime, 
591d 

9-Benzylanthracene, l:5-di- 
chlorobromo-, tautomeric 
36c 

9-Benzylanthracenes,bromo-, 

456 

Benzylisothiocyanate, p-hy- 
droxy-, 264d, 2566 
Bergamottm, bergaptol, 448a 
Bergapten, 447d, 448a 
Beryllium, drop reactions, 626 
Biidiograplues, chemical, 616a 
Biochemistry, literature, 617d 
“ Bios,” 81d 
Biotin, 836 
Eiotite, 55d, 66d 
Bismuth, drop reactions, 63a 
Black, carbon, from methane, 
2a 

— , Diamond, PV, 383c 
Blue, Diphenylamine, 244a 
— , Mineral, 120d 


INDEX. 

“Blue, Molybdenum,” 217c, 
222c 

Blue, Mulhouse, 244o 
— , Night, 483c 

Boiling-point elevation, 165a, 
214c 

, vapour pressure 

detn., 166a, 213c 
Bomb method, see Micro-detn. 
Boric ion, drop reaction, 63a 
“ Bouncing pin,” 635a 
Bound water in soils, 160d 
Brassica spp., 2546, 255d 
Bromide ion, drop reactions, 
63a 

Brucine, 630c 
— surgical spirit, 6316 
Bucherer’s reaction, 273c 
Bunsenite, 4736 
Butylnaphthalenes, 402a 
Butylnaphthalene sulphonic 
acids, 402c 

Butyric acid, y-methylthiol-a- 
amino-, 4d 

Byakangelicin, byakangelicol, 
4486 

Bz and meso anthracene derive., 
22a 


C 

Gadalene, 405a, 406a 
Cadmium, drop reactions, 63o 
CsBsirma, drop reaction, 64a 
Calcium cyanamide, 553a 
— , drop reactions, 63o 

— nitrate, 5616 

Carbamides from 1-naphthyl- 
aminesulphonic acids, 3036 
Carbinol, 15a 

Carbonate ion, drop reaction, 
64a 

Carbon black from methane, 2a 

— dioxide utilisation, 547d 
Carotenoids absorption spec- 
tra, 207c 

Casein, 99d 
Caseinogen, 09d 
Catalase, 109o 

Catalyst poisoning, 5456, 5466 
Cathode tubes, cold and hot, 
4576 

Cerite, 451a 

Cerium, drop reaction, 636 
Cetcine number, 640c 

and chemical structure, 

6436 

in compression-ignition 

engines, 640c 

reference fuels, 642a 

significance, 642c 

Chalcopyrite, 464d! 

“ Charnber crystals,” 524c, 
5326 

Chemilruninescence, 2016 
Chicago acid, 3596 
Chile saltpetre, 483d 
Chillagite, 2176 
“ Chlor acne,” 277c 
Chloride ion, drop reaction, 636 
Chloromethane, 96 
Chloromethyl methyl sul- 
phate, 116 
Chloropicrin, 493o 
Choline, 83c 

Chromium compotmds in 
textile proofing, 06d 
— , dichromate ion, drop re- 
actions, 64a 


Chromotrope acid, 686, 370a 
Chry^Memum cinerariccfolium, 

Ciba Napthol RP, 408c 
Cichorium intybus, 446a 
ai/oCinnamic acid, 1-carboxv- 
381a ’ 

Citropten, 445d, 4466 
Claude's liquid air process 
502c 

Cleve’s [a-] acid, 290c 

— (/S-] acid, 305o 

— [0-] acid, 290d 

— L0-]or[8-] nitronaphthalene- 

sulphonic acid, 2016 
Cobalt, drop reactions, 58d, 636 
Codehydrogenase II, 481c 
Colorimeters, 458a 
Colostrum, 98c 
Compressed ignition accelera- 
tors, 643c 

Compression - ignition en- 
gines, delay period, 640d 
Conductance ratio, 162a 
Conductivities, definitions, 
160o 

Conductivity, aqueous solu- 
tions, 161d 

— detn., applications, 164a 
— , electrolytic, detn., 1606 
— , high frequencies, 163d 
— , — potential, 163d 

— , molecular, 160a 
— , non-aqueous solutions, 163a 
— , solids and fused salts, 163c 
— , temperature and viscosity 
effects, 16Sa 

“ Conductivity water,” 161c 
Copper compounds in textile 
proofing, 97a 

— , drop reactions, 58c, 64a 
"Coramine," 4806, 481c 
Cotton, micro-organism dam- 
age, 95c 

Comnarins, degradation, 4466 
— , natural, 444c 
— , synthesis, 445c 
Cozymase, 481c 
Cream, 115a 

— churning, 115c - 
— , clotted, 115d 

— , homogenised, 1156 
— , reconstituted, 116a 
— , synthetic, 116a 
Croceine acid, 3456 
Cryoscopic constant, 1646 
Crystal structures, 121c, 122a 
Curtius decomposition of 
azides, 1806 

Cyanamide, analysis, 557a 

— furnaces, 5546 
— , production, 553a 
“ Cyclamin,” 649d 
Cyclisation, 176c 
— , reversible, 176c 


D 

Dahl's No. II acid, 308c 

— No. Ill acid, 308d 
Daphnetin, 448c 
D.D.T., 241d 

Debye-Falkenhagen effect, 
163d 

— units, 228c 
Debye units, 228c 

“ Dec,” properties, 414a 
Decahydro - 2 - naphthalde- 
hyde, 4376 
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Decahydronaphthalenes, {see 

also Decalins), 433(Z 
Deoalincarl)03^1ic acids, 4376 
Decalm-l:5-diozies, 438c 
Decalin, homologues, 438c 

— manvdactTire, 413c 
— , properties, 413d- 
— , uses, 414a 

CIS- and ^rans-Decalins, 414c, 
433d 

Decalins, amino-, 4356 
— , bromo-, 435o 
— , chloro-, 434d 
— , dihydrosy-, 437a 
— , hydroxy-, 4356 
— , 9-hydroxy-, 436d 
— , nitro-, 435a 
— , properties, 4346 

1- Decalols, 435d, 436a 

2- Decalols, 430c 
Decalones, 437d 
Decalylamines, 4356 

— , Walden inversion, 435d 
Derris extracts, 240d 
9 : 10 - Dialkylanthracenes, 
9 : 10 - dihydroxy - 9 : 10 - 
dihydro-, 26a 
Dialkylanthradiols, 20a 
ar-Di- and Tri-aminotetra- 
hydronaphthalenos, 421a 
Dianthracenes, 62c 
Diarylplithalides and Grig- 
nard’s reagents, 31d 
— , sources, 31c 
Diazo-oxides, 2746 
Dibromoamine, 613a 
Diesel Index, 0436 
Dihydronaphthalene glycols, 
425a 

— oxides, 425a 

Dih 3 rdronaplithalene - 2 - 
imido-oxazolidino, 424d 
1:2- Dihydronaphtlialone, 
415c 

1:4- Dihydronaphthalono, 
4156 

Dihydronaphthalenes, 416a 
ac - Dibydro - 2 - napbthoic 
acid, 416c 

ar-5:8 - dibydro-l-naphithol, 
4106 

ar-5:8 -Diliydro-l-naphtliyl- 
anime, 410a 

D^ydroxanthyletin, 449d 
Dihydroxyanttoacenes 
derivs., dehydration, 236 
Dime^ylamine, 76 
1:4-Dtoethylant]iracene, 42a 
2 :3-Dimethylaiithr acene , 48c 
2 :7-Dimethylaiithraceno,4 7c, 
_ 48a 

Dimethylanthracenes, 42a, 
4qd 

2 :3-Dimetliylant3nraquinone, 

Dimethylanthrones, 426, 44a 
— , bromo-, 426, 43c, 44a 
— , effect of substitution, 41c, 
426 _ 

2:4 — Dimethyl — 9 — benzyl — 
anthracene, 436 
Dimethyl disulphide, 10c 

— ether, 8d 

, addition compounds, 9a 

, halogeno-derivatives, 9a 

Dimethylnaphthalenes, 3906, 
402c 

Dimethyl sulphate, 11a 
■ — sulphide, 10c 

— sulphite, lOd 


Dimethyl sulphonc, 10c 

— sulphoxide, 10c 

1:1 '-Dinaphthyl, 387d 
2;2'-Dinaphthyl, 3S8c 
2:2'-Dinaphthylamine, 316d 
2:2' - Dinaphthylamine-7;7'- 
disulphonic acid, 316c 
1:1 '-Dinaphthyl carbonate, 

332c 

2:2'-Dinaphthyl carbonate, 
342a 

Dinaphthyl compounds, 3876 
1:1' - Dinaphthyl, 4:4' - di - 
amino-, 3886 

2:2' - Dinaphthyl, 1:1' - di - 
amino-, 38Sc 

1:1' - Dinaphthyl - 2:2' - di - 
carboxylic acid, d and 1, 
3SSd 

Dinaphthyldicarboxylic 
acids, 388c 

1:1' - Dinaphthyldisulphido, 
3736 

2:2' - Dinaphthyldisulphido, 
3736 

1:1' - Dinaphthyldisulphido, 
2:2'-dihydroxy-, 3736 
2:2 '-Dinaphthyl ether, 312a 
1:1' - Dinaphthylsulphido, 
372rf 

2:2' - Dinaphthylsulphido, 
3736 

1:1' - Dinaphthylsulphido, 
2:2'-dU»ydroxy-, 373n 
Dinitrogen tetroxidc (sec also 
Nitrogen peroxide), 524o 
, structure, 620c 

— trioxido, 6226 
Dinitrososulphtjric anliy- 

dride, 632c 

Diphonylnaphthalonos, 3S7a 
3:4 - Diphenyl - 1 - nnphthol, 
syntlicsis, .3876 
Dipolo moments, 227a, c 

in structural problems. 

228d 

Dissociation constant, 102a 

— in solution, lOld 
Distillation, molecular (sec also 

Still), 166a 

— , — , elimination curves, 1726 
" Dory/,” 238c 

Double bonds, test for, 404a 
Drop reactions, see also ions and 
metals, 586, 02n 

, " flotationnl," 006 

in macro-analyses, 006, 

70d 

mineralogy and petro- 
logy, 70a 

ultra-violet light, 00c 

, masking, 616 

, metallurgical, 70c 

, selectivity, Ola 

, sensitivity, 60a, c 

Dyes, cotton, 3636 


E 

EbuUioscopic Constant, 1066 
Edwarsite, 4516 
Elaterite, 121a 
Electrol^es, 102c 
Electron diffraction, 926 

— lens (see also Microscope, 

electron), 85d 
, magnetic, 806 

— wave, 86a, c 


Elements, atmophil, I44c 
— , biophil, 146a 
— , chalcophil, 144(1 
— , fertiliser, 1516 
— , names of, 594(1 
— , relative abundance, 144« 

— , sidcrophil, 144(Z 
— , trace, 1516 
Enzyme, definition, 612c 
Enzymes in milk, 1076 
Esculotin, 440a 
Ethane, l:l-dichloronitro-, 4076 

1- Ethylnaphthalono, 400a 

2- Ethylnaphthaleno, 4006 
— dcriv. in so.a urchin, 40 la 
Ethylnaphtlialonos, 399(i 
E(jrulenin, 207c 
Eudaleno, 37Sf/, 405n, 400a 
Eudosmol, 100a 

"Eulan Ezlra,” 241c 


F 

F-Acid, 345n 
Faraday’s laws, 92c 
Ferric ion, drop rc.nctions, 046 
Forromagncsion mica, 55d 
Forromolybdonmn, 217d, 
2186, 220(1 

Ferrous ion, drop reactions, 
046 

Foulgon reaction, 0226 
“ Firodampf,” lo 
Flax and hemp, proofing, 07il 
" Hints ” for lighters, 23Io 
Fluomolybdatos, 2246 
Fluorosconco and constitution, 
206, 25(1, 436, 456 
Fluoride ion, drop reactions, 
016 

Fluorimotors, plioto-electric, 
4590 

Fluorine nitrate, 5t0(l 
Fly agaric, 246c 
" Folic acid." S3c 
Forco constant of cliomical 
bond, 1036 

Fraxotin, fraxidin, 440c 
iroFraxidin, 440(1 
Fraxin, fraxinol, 440c 
Froozing - point depression, 
io ta, 2156 

Frormd’s acid, 2926 
Fries rearrangement, 1826 
Furanocoumarins, 444(1, 447c 


G 

Gallium, drop reaction, 05a 
Gambino-y, 380c 
y-Acid, gamma acid, SSId 
Garniorito, 4046, 477a 
Gas densities, dotn., 209c 

— storage in adsorbents, 8n 
Glutamine, 836 

Gold, drop reactions, 026 

— number, 4006 
Green, Acennthronc, 526 

— B, Pigment, 3S0c 
— , Past Printing, 8806 

Methyl, 19(1 
— , Milori, 119d 
— , Mineral, 121n 
— , Mitis, 1546 
— Mittler’s, 155c 
— , Naphthol, 3856 

— ochre, 632a 
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Girgnard reagent, lithium 
phenyl, 236 

Growth factors for micro- 
organisms, 82c 
Guaiene, 3916 
Guyot compounds, 32d 
“ G3^suna process,” 581c 


H 

H-Acid, 3546 

Hmmophiltis influenzm, media, 
81c 

Helianthin, 20a 
Heliotridane, 234(i 
Heliotrine, 234d 
Hemiarin, 446d 
Hexahydronaphthalenes, 

432c 

Hexalin, 409d, 410a, 432c 
Hexamethylanthracenes, 516 
Hexasulphamide, 514c 
Hofmaim degradation of 
amides, 1806 
Holoenzyme, 612c 
H.U.G.R. fuel test, 634d 
Humidity and fungoid growth, 
248a 

Hydrazine content in synthetic 
ammonia, 5466, 567a 
Hydrazohenzene rearrange- 
ments, 183d 

Hydrocarhon styphnates, 4056 
Hydrocoumarin, 446d 
Hydrogen bonds, detection, 
1940 

— from coke-oven gas, 5506 
phosphorus and steam, 

5506 

— peroxide, detn., 541c 

— purification, 547c, 649a, d 
Hydronitrous acid, 534c 
Hydronium ion, [H30j+, 601c 
Hydroxylamine from l-nitro- 

propane, 490d, 497c 
Hyponitric acid, 5346 
Hjrponitrous acid, 532d! 

, decomposition, 533c 

, esters of, 533(i 

, solid, 633c 

, structure, 534a 


I 

Ice colours, 377o 
Identity, optical proof of, 209a 
“ Igasuric acid,” 6316 
Ulsemannite, 2176 
Imperatorin, icoimperatorin, 
4486 

Industrial chemistry litera- 
ture, 615c, 6196 
Inositol, growth factor, 83c 
Internuclear distance, 1936, 
200a 

Iodide ion, drop reactions, 65a 
“ Ion atmosphere,” 162d 
Ionic conductivities, 93o, 94a 

— migration, 92c 

— mobility, 92d,,93c, d 

— potential, 149d 

— radii, 146a 

— transport number, 936 
Ions, solvation of, 946, 95a 
Iron nitrides, 545c 
Isomorphous substitution, 

145d 
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J 

J-Acid, 3536, 354e, 358a 
Jordisite, 2176 
Joule-Thomson effect, 5006 
Juglone, 3836, 621a 
Jute, heart damage, 93a 


K 

“ Kalkstickstofi,” 5586 
Kefir, 1166 
Kitol, 1726 

“ K Monel,” 232c, 233c 
Knock effect of engine con- 
ditions, 636a 

— inhibitor “ Ethvl Fluid,” 

6406 

tetraethyl lead, 61 Oa 

— inhibitors, 639c, d 
Knockmeter, 635c 
Knock of fuels, detn., 635a 
Knock-rating test, 6S5d 
Koechlinite, 2176 

Kolhe synthesis of salicylic 
acid, lS2c 

Koxnho butter, 260a 
Koumiss, 116c 
Kupfernickel, 464a 


D 

Lactalhumin, lOOc 
Lactoglobulin, lOla 
Lactose, 102a 
Lambert’s law, 2026 
“ Lanthanides,” 1476 
Laurent’s acid, 305o 
Lead, drop reactions, 666 
Lepidolite, 55d, 666 
Lepidomelane, 56(i 
Limettin, 4466 
limiting concentration, 596 
Limit of identification, 59a 
Linde’s double column appara- 
tus, 503c 

— oxygen process, 5016 
Lindgrenite, 2176 
Lipase, 108a 

Literature, biochemistry, 617d 
— , chemical, 6136 
— , — , biographies, 6l5d 
— , inorgamc chemistry, 6166 
— , organic chemistry, 617o 
— , physical chemistry, 618c 
LitUa-mica, 55d, 566 
Lithium, drop reaction, 656 
Lessen decomposition of hy- 
droxamic acids, 1806 
Lovibond Tintometer, 459a 
Luvangetin, 449d, 450a 


M 

Mace butter, 2596 

, American, 260c 

M-Acid, 356a 
Magnesia-mica, 55d 
Magnesimn, drop reactions, 
606, 656 

Magnetic moments of proton 
and electron, 1596 
Manganese, drop reactions, 
656 

Mang-Koudu, 238n 
Manjeet, 244c 


Mannich bases, reaction, 4926 
Manometers, sensitive, 1576 
Marsh gas, Ic 

Maxwell velocities, 157d, 150o 
Meliatin, 6316 
Melissyl alcohol, 258d 
“ Menadione,” 3996 
2-Menaphthyl chloride, 397a 
Mengite, 4516 
Mercurialis spp., 6c 
Mercuric fulminate, 491a 
Mercury arc lines, 195a 
Mercvmy, drop reactions, 65a 
Mesons, cosmic ray, 4626 
Mesothorium, 23dd 
Metabolites, essential, 806 
Metamorphism, 1526 
Metasomatism, 152d 
Methal, la 
Methallyl chloride, la 
Methane in coal beds, la 

— as hoUer fuel, 3d 
fuel, lo 

“ non-knocking fuel,” 2c, 

46 

— , calotifl^c value, 2c 
— , combustion properties, 26 
— , dibromo-, 12a 
— , dichioro-, lid 
— , difluoro-, lid 
— , di-iodo-, 12a 

— engine fuel, 4a 

, improvements, 4c 

— , fluoro-, 96 

— for heating and lighting, 3d 
synthetic petrol, 26 

— from coal distillation. Id, 2a, 

4a 

coke-oven gas, 2a 

oil-cracker gases. Id 

sewage sludge, Ic, 4a 

water gas, 2a 

— fuel compared with petrol, 46 
— , hydroxy-, 12c 

— , ignition temperature, 26 
— , inflammability range, 26 
— , iodo-, 10a 
— , nitro-, as solvent, 4906 
— , — , from chloroacetic acid, 
4896 

— , physical constants, la 
— , properties of compressed 
la, 2d 

— , liquid, la, 36 

— sources, la 
— , storage, 2d 

— sulphonio acid, 11c 

— sulphonyl chloride, 11c 
— , tetranitro-, 494a 

— , trinitro-, 493d 
Methanol, 15a 
"Methedrine," 4d 
Methine bases, 4d 
Methionine, 4d 
— , detn., 56 

— , detoxicating action, 5d 
— , metabolism, 56 
— , syntheses, 5a 
— , trideutero-, 5c 

— with labelled sulphur, 5c 
Methoxyanthrones, 43a, 446 
Methyl alcohol, 12c 

catalysts, 15c 

, copper, 17a 

, coppei^chromium,17c 

, copper-zinc, 176 

, effect of iron, 17d 

, evaluation, 17a, 196 

, zinc, 16d 

, zinc-chromium, 16o 
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con 


Methyl alcohol catalysts, zinc- 
chromium-alkali, 16c 
, zinc — copper — chrom- 
ium, 17c 

, zinc - iron - cadmium, 

17d 

, chlorination, 19c _ 

, corrosion by liquid, 15c 

, decomposition reactions, 

17a, 19a 

, dehydration, 196 

, detection, 186 

, detn., 18d 

from coke-oven gas, 15a 

methane-steam, 15a 

reduction of oxides of 

carbon, 13c 

water gas, 14(Z 

wood distillation, 12d 

, oxidation, 19c 

, sources, 12c 

, synthesis, 14c 

from fermentation gas, 

156 

gas, 14c 

, compression, 15c 

, puriflcation, 156 

history, 14o 

, side reactions, 13d 

, synthetic, distillation, 

18o 

, — , industrial, 13c 

, — , separation, 17d 

Methylamine, Oc 

— derivs., 7a 

— , identification, 7a 
— , plants containing, Cc 
Methylamines and ammonia, 
separation, 06 

— , physical properties and 
derive., Ga 

Methylamine, uses, 7a 
Methylaminomethyl alcohol, 
76 

“ Methylanol,” 20a 
Methylanthracene and other 
substituted anthracenes 
(sec also Anthracene, AJkyl- 
anthracenes), 20a 

1- Methylanthracene, 40a 

— m.p. anSinaly, 466 

2- Methylanthracene, 406 
9-Methylaiithracene, l:5-di- 

chlorobromo-, tautomeric, 
366 

Bz-Methylanthracenes by 
special methods, 45e, 40a 

— from anthraquinones, 456, d 
o-benzoylbenzoic acids, 

456, d 

o-benzyltoluenes, 456, d 

Friedel-Crafts reactions, 

466, c 

phenyl-o-tolyl ketones, 

456, c 

2-MethylanthraqTtmone, 40d! 
Methylated spirit, 54d 
Methylaurin, 54d 
Methylbenzanthrones, 31a 
Methyl bromide, Od 

, fire extinguisher, 10a 

Methylchloramine, 7a 
Methyl chloride, 96 
, refrigerant, 9d 

— chlorosulphonate, lOd 

— compounds, 6a 

— isocyanate, 8c 

— cyanide, 86 

— isocyanide, 8c 
Methyldichloramine, 76 


Methyldiphenylamine, 54d 
Methylene, 11c 

— bromide, 12o 

— bromoiodide, 12a 

— chlorobromide, 12a 

— chloride, lid 

— chloroiodide, 12a 

— diacetate, 126 

— diamine, 126 

— dibenzoate, 126 

— diformamide, 126 

— fluoride, lid 

— fluorocbloridc, lid 

— fluoroiodido, lid 
Methylene - bis-4-hydroxy - 

3-coumarinyl, 4176 
Methylene iodide, i2a 
1 -Methyleno-l:2:3:4-totra - 
hydronaphthalene, 427n 
Methyl esters, 19o 

— ether, spjn-dicbloro-, 96 

— fluoride, 96 

— formate, lOd 
Methylglyoxal, 54d 
" MethylhcxaUn,” 64d 
Methylhexanono, 54d 
Methyl hydrogen sulphate, lOd 
sulphide, 10c 

sulphite, lOd 

— iodide, 10a 
Methyllceton, 64 d 
Methyl mercaptan, 10c 

— mustard oil, 8d 
1-Methylylnaphthalono refer- 
ence fuel, 042a 

Methylnaphthalenos, 3S0n, 
390a 

— , amino-, 395, 308n 

1- Methylnaphthalenos halo- 

gono-, 3936 
— , hydroxy-, 300a 
— , nilro-, 394a 

1 - Methylnaphtholono - sul - 
phonic acids, 394d 

2- Mothylnaphthalonos, acyl-, 

399d 


— amino-, diazo derivs., 39Sn 
— , halogeno-, 397n 

— , hydroxy-, 398d 
— , nitro-, 8976 

2 - Methylnaphthalonosul ■ 
phonic acids, 397d 
2 - Methyl-1 :4-naphthaqui 
none, S3c, 390a 
— , alkylation, 300c 
Methyl nitrate, 10c 

— nitrite, 106 
Methylnitro amino, 76 
Mothylisopropylnaphtha - 

lenes, 405 
Methyl radical, 5d 

— sulphate, dichloro-, 116 

— sulphonic acid, 11c 

— sulphuric acid, lOd 
ar-2-Methyltetralin, 427a 
Mothyltetralins, 427o 
Methyl thiocyanate, 8d 
Methylthionamic acid, 76 
Mothysticum, 54d 
Metmyoglobin, 54d 
Methyl isotbiocyanale, 8d 
Metol, 55a 

" Metramine," S5a 
“ Metrazol,” 55a 
Mettogang method, 55a 
“ Metycaine," 55a 
Mexican buckeye oil, 55a 
Miargyrito, 556 
Mianm, 556 
Mica , 556 


“ IVIicanite,” 506 
Micelle, 57a 

— conductivity, 956 
Michael condensation, 58a 

— reaction, 58a 
Mdchler's ketone, 5Sa 
IMicran thine, 58a 
Micro-analysis, organic, 71d 
Micro- and semi-micro- 

qualitativo analysis, 70a, d 
Microbalancos, 5Sa 
Micro-centrifuging, 73d 
Microchomical units, 60a 
Microchemistry, 58a 
Microclino, 79d 
Microcosmic salt, 80a 
Micro-crystallisation, 74a 
Micro-dotn., active hydrogen, 
78n 

— - — , bomb method, arsenic, 

75d, 77a 

, , halogens, 75d 

, , .sulphur, 75d, 70c 

, b.p., 726 

, carbon and hydrogen, 

77c 

, critical temperatures, 

73n 

— - — , molecular weight, 7id, 

2Ma, 215d 

, m.p., 716 

Micro-distillation, 746 
Micro-filtration, 73a 
Microlito, 80n 

Micro-organisms and nneu- 
rin. Sic, 82c 

— , growth factors for, 806, 

82c 

, nutrients of, SOc 

Microphyllic acid, S id 
Microscope, electron, 84d 
— , electron, applications, SOc 
— , — , compound, SSd 
— , — , production of, 80c 
— , optical, development. Sob, 
88a 

Micro-sublimation, 71n 
Miorsito, 02c 

Migration between O, N, S, 
etc., 185c 

— c.arbon to carbon, 1756 
nitrogen, etc., ISOa 

— from side chains into rings, 

ISlc 

— in hcterocvclic compounds, 

184d 

— of amino groups, lS3c 

halogens, 40a, 182d 

hydrocarbon groups, ISld 

hydroxyl groups, lS3o 

methyl groups, 45c 

0-alkyl group, 3Sa 

sulphonic, nilro, and 

nitroso groups, lS2c 
M[ilch don, 956 

Mildew- and rot-proofing of 
textiles, 956 

Mildew-proofing, chromium 
compounds, 90d 

, zinc chloride, 006 

Milfoil, 986 
MiUc, 986 
— , acidity, 107c 
— , nldohydraso, 108c 
— , amylase, 108c 

— analysis, 110c 

— ash, composition, 102c 

— , average composition, 90a 
— , , factors afTecting, 

103d, 105c 
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T Vrilk , bacteria, Ilia 
— , calcium caseinate and pnos- 
phate, 1036 

— casein, 99d 

— catalase, 109a 

— , catapboretic behaviom:,' 
1066 

— , colour, 105d 
— , colouring matter and pre- 
servatives, 118c 
— , “ condensed,” 114c 

— constituents, 99c 
— , curd types, 109d 

— , dehydrogenases, 108c 
— , depression of frezing-point, 
107a 

■ — , effect of heating, 113d 
— , electrical conductivity, 1066 
— , enzymes, 1076 
— , evaporated, 114c 

— fat, adsorbed layer on, 102o 

— fatty phase, 99c 

— , “ flash ” pasteurisation, 

113c 

— flavours, natural and de- 

veloped, 112a 

— “ holder ” pasteurisation, 

1136 

— , homogenisation, 114a 
— , irradiation, 1146 

— lipase, 108a 

— , mammalian, composition, 
98c, 117a 

— , metallic contamination, 

1136 

— , nutritional value,' 109a, 

— peroxidase, 108d 

— phosphate, 108a 

— protease, 1086 
— , rancid, 113a 

— , redox potential, 1066 
— , refractive index, 106c 
— , residual nitrogenous bodies 
in, 101a 

— separation, 116a, 116a 
— , soluble proteins, 100a 
— , sour, analysis, 119a 
— , specific gravity, 100c 

— sterilisation, 113c 

— trace elements, 103c 
tree wax, 1196 

— , tubercuUn-tested, accredited 
and jjasteurised, 1116 
— , viscosity, 106a 

— vitamines, 110a 
M^erito, 1196, 4776 
Millon’s reagent, 119c 
Mimetite, 120a 
Miinosa, 120a 

— bark, 120a 
Mimosine, 120c 
Minasragrite, 120£i 
Mineral caoutchouc, 121a 

— cotton, 121a 

“ Mineral Khaki,” 96d 
Mineralogy, 121a 
Minerals, geochemistry of, 
143d 

— , oxidation and reduction 
potentials, 151d 
— , X-ray analysis, 121c 
Mineral waters, ■L24a 
Minervite, 1536 
Minette, 1536 
Minioluteic acid, 163c 
Minium, 153c 
Minofer, 153c 
Minyak nyatoh, 153d 
Miotine, 153d 
Mirahilite, 153d 


Mirbane, essence of, 154a 
Mischmetall, 154a, 231a 
Miscibility of liquids, 154a 
Miso, 154a 
Mispickel, 154a 
Mists, particle size in, 1546 
“ Mitigal," 1646 
“ Mitin FF," 241d 
Mitragyna, alkaloids, 154c 
Mitragynine, 154c 
Mitrapbylline, 1556 
Mitraspecine, 155a 
Mitraversine, 154d 
Mitrinermine, 165a 
Mitscherlicli pulps, 155c 
Mixed crystals, 155c 
Mixtures, azeotropic, 155c 
Mkcuiyi fat (Msambo fat), 155c 
M.N.T., 155d 
Mocha-stone, 155d 
Mocbyl alcohol, 155d 
Moddite, 155d 
Moebius process, 155d 
Mohair, 155d 
Mohawkite, 155d 
Mohri, 155d 
Mohua butter, 155d 
Moire mdtallique, 155d 
Moissanite, 155d 
Molar (mol.) fraction, 156a 
MoleciKar beams, detection, 
166d 

, kinetic theory, 157c 

, magnetic deflection, 168c 

or rays, 1566 

, reflection, 158a 

— configuration, detn., 192o 

— depression and elevation con- 

stants, 164a 

— extinction coefficient e, 2026 

— rearrangements {see also Mi- 

gration), n4d 

, ammonium cyanate,185a 

, ardonotropic, 175a 

, benzilic acid, 179c 

, cationotropic, 175a 

, double bonds, 175d 

, glycols, 1786 

, influence of substituents, 

1766 

, oxime picrates, 1816 

, prototropic, 175a 

, saturated hydrocarbons, 

1756 

, stereochemical effects, 

179a 

, structural, 174d 

, unsatmated hydrocar- 
bons, 175d’ 

— still, see Still, molecular 

— vibrations, fundamental fre- 

quencies, 1896 

— weight detn., 209c 

, micro-detn., 214a, 2156 

of solids, 2166 

— , diatomic, potential energy 
curves, 1976 
Molybdates, 222a 
Molybdenite, 2166, 2176 
Molybdenum, 216d 

— alloys, 2206 

— , as ■trace element, 2nc, 

“ Molybdenum Blue,” 217c, 
222c 

Molybdenum boride, 2256 

— bromides, 224a 

— by hydrogen reduction, 2186 

— carbides, 225a 

— carbonyl, 225a 

— concentrates, reduction, 217cZ 


Molybdenum cyanogen com- 
pounds, 225a 

— detn., colorimetric, 226a 

, gravimetric, 225d 

, volumetric, 226a 

— dichloride, 223d 

— dioxide, 2216 

— , drop reactions, 66a, 225c 

— effect on Azotohacter, 686a 

— extraction processes, 218c 

— iodides, 224a 

— minerals, 2176, 226a 

— nitrides, 224d 
— , occurrence, 217a 

— oxychlorides, 223c, 224c 

— oxyfluorides, 224a 

— pentachloride, 223c 

— pentoxide, 221c 

— phosphates, 224d 

— phosphide, 224d 
— , properties, 2196 

— , qualitative reactions, 2256 

— selenides, 2236 

— sesquioxide, 2216 

— solicide, 224d 

— sulphate, 223a 

— sulphides, 222d 

— tetrachloride, 223c 

— trichloride, 223c 

— trioxide, 221c 
— , uses, 220a 
Molybdenyl chloride, 2246 
Molybdic acid chloride, 224c 

— acids, 221d 

Molybdlc-ocbre, 2176, 2266 
Molybdite, 2176, 2266 
Moments, electric dipole, 226e 

— , , detn., I60a, 2276 

— , nuclear, magnetic, detn., 
159c 

Momentum, angular, mole- 
etdar, 2295 

Momordica fat, 2295 
Monardsein, 230o 
Monardin, 230a 
Monascin, 23()a 
Monazite, 230c 

— sand, 4516 

, radioactive, 4516 

Mond gas, 231a 

— nickel process, 4665 
“ Monel," 231a, 477c 

— at low temperatmes, 2335 
— , resistance to corrosion, 2335 
— , varieties, 2315 

Monite, 2346 
Monkey nuts, 2346 
Monobel, 2346 
Monobromoamine, 513a 
Monochromatic radiation 
105a 


Monocrotaline, 2346 
Monogermane, 2356 
Monolayers, 2356 
Monotropin, 2356 
Monotropitin, 2356 
“ Montanin," 2355 
Montanone, 235c 
Montan wax, 2356 
Montebrasite, 2355 
Montmorillonite, 2355 
Montroydite, 2366 
Moonstone, 2366 t 

Moor-stone, 2306 
Mordants, 2366 
Morenosite, 2366, 4745 
Morganite, 2366 
Morin, 2366 

Morinda citrijolia, 236c, 238a 
Morinda dyestuff, 237c 



Morinda longijlora, 237d 
“ Morinda Boot,” 236c 
Morinda spp., 238a 

— tincloria, 236c 

— umhellata, 238a 
Morindin, 236c 
Morindone, 236<Z 
Moroxite, 238c 
Morphigenine, 238c 
Morphine, 238e 
Morrhuic acid, 238c 
Morse equation, 238c 
Morns spp., 243& 

“ Moryf” 238c 
Mosaic gold, 238c 
Mosandrite, 238c 
Moseley's law, 238d 
Moslene, 238d 
Mother-of-Pearl, 238d 
Mothproofing, chemical, 239f? 
— , fluorides in, 240a 
— , mechanical, 239c 

— of textiles, 239a 

— organic substances, 24.0d 

— standards, 242a 
Moth-resisting fibres, 239& 

“ Motor method,” 635d 
Mottramite, 2426 
Moulds, 2426 
Mountain Ash, 2426 
MoTmtain-cork, -flax, -leather 

-wood, 242d 
Mowrah butter, 242d 
Mucic acid, 242d 
Mucilages, 243a 
Mucins, 2436 
Muconic acid, 2436 
Muguet, 2436 
Mulberry, 2436 

— paper, 244a 
MuUite, 244a 
Multiflorin, 244c 
Multifunctional additives, 21 <1 c 
“ Mumetal," 244c 

Mundic, 244c 
Munjeet, 244c 
Munjistin, 244d 
Mimtenite, 244d 
Murex, 244cZ 
Murexide, 245a 
Murexoin, 245(Z 
Murlins, 246c 
Muromontite, 246c 
MunnnTiru fat, 240c 
Muscarine, 246c 
— , constitution, 247a 
Muscarufin, 2476 
Muscone, 247c, 253d 
Muscovite, 55c, d, 247c 
Museum specimens, corrosion 
of metal, 249d 

, preservation, 247c 

Mushroom, 252d 

— vitamins, 253a 
Musk, 2536 

— amhrette, 254a 

— Baur, 253d 
— , ketone, 254a 
— , xylene, 253d 
Mustard, 2546 
— , analysis, 255d 

— , essential oil, 255a, 256d, 
659c 

— , fatty oU, 255c 

— fimgicide, 256a 

— gas, 257a 

— oils, 255a, c, 2566 

— standards, 2556 
Mutarotation, 257a 
Mutase, 267a 
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Mycodextran, 257a 
Mycogalactan, 257a 
Mycophenolic acid, 257a 
Mycose, 257a 
“ Myochrysin,” 2576 
Myoctonine, 257o 
Myoglobin, 2576 
Myokynine, 2576 
“ Myosalvarsan," 2576 
Myosin, 2576 
Myrcene, 2576 
Myrcenol, 2576 
Myricaccai spp., 257c 
Myrica nagi, 257c 
Myricetin, 257c 
Myricin, 258c 
Myricitrin, 257c, 258a, 
Myricyl alcohol, 258d 
Myristicacex spp., 2596 
Myristic acid, 250a 
Myristica fats, 259a 
Myrobalans, 200d 
Myrosin, 254d, 255a 
Myrrh, 260d 
d-Myrtenal, 2616 
d-Myrtenol, 261c 
Myrticolorin, 201c 
Myrtillidin, 261c 
Myrtillin, 261c 
Myrtle oil, Myrtol, 261d 
— wax, 262n 
Mytmtol, 2G2a 
M^pcoxanthin, 2026 


N 

Naadsteonen, 2026 
Nacrite, 2026 
Nagyagite, 2626 
Naheolito, 262c 
Nail-head spar, 202c 
Nandinine, 202c 
Nanldn, 202c 
Naphtha, 262o 
Naphthacono 262d 
Naphthacenequinono. 2G3a 

1- Naphthaldohydo, 373c 

2- Naphtlialdehydo, 373d 
1-Naphthaldehydo, 3-hydr- 

oxy-, 373d 
Naphthalene, 2636 
a- and ^-Napbthalono dcrivs., 
see 1- and 2-Naphtlmlcno 
dcrivs. 

Naphthalene, action of metals 
on, 412a 

— , additive compounds, 2086 
— , analysis, 20Ga 
— , 1-bromo-, 2796 
— , carboxylic dcrivs., 374n 

— chlorides, 277c 
— , 1-chloro-, 2706 
— , 2-chloro-, 2736 

— dcrivs., alicyclic - aromatic, 

425c 

, coupling rules, 2726 

in plants, 400o 

, sulphonic acids, trivial 

names, 2726 

, diazo-compounds, 2726 

periNaphthalenediamino, 

320d 

Naphthalene, 1:2 - diamino -, 
3256 

— , 1 :3-diamino-, 325d 
— , l:4-diamino-, 320o 
— , l:5-diamino-, 3206 
— , l:6-diamino-, 320c 
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Naphthalene, 1:7 - diamino -, 
320d 

— , l:8-diamino-, 320d 
— , 2:3-diamino-, 3276 
— , 2:0-diamino-, 327c 
— , l:4-diamino-2:3-dihydroxy-, 
371a 

— , l:0-diamino-4:5-dihydroxy-, 
371a 

— , l:8-diamino-2:7-dihydroxy-. 


371a 

Naphthalene - 1 - di^o 

-2- 

oxide-4-sulphonic 

acid. 

274c 

2 - diazo - 1 - oxide 

-6- 

nitro-4- sulphonic 

acid, 

275a 

1:2- dicarboxylic 

acid, 

37Sc 

1:3- dicarboxylic 

acid, 

37Sc 

1:4- dicarboxylic 

acid. 

378c 

1:5- dicarboxylic 

acid. 

37Sd 

1:6- dicarboxylic 

acid, 

37Sd 

1 :7 - dicarboxylic 

acid, 

376d 

1:8- dicarboxylic 

acid, 

37Sd 

2:3- dicarb oxylic 

acid, 

3706 

2:6 -dicarboxylic 

acid. 

3706 

2:6 - dicarboxylic 

acid, 

l:5-dihydroxy-, 370d 

2:7 -dicarboxylic 

3796 

3:6 -dicarboxylic 

acid. 

acid, 


2:7-dih>'droxy-, 370d 
Naphthalonodicarboxylic 
acids, 37Sc 

Naphthalene, l:l-dichloro-, 
270c 

— , l:2-dihydroxy-, 303d 
— , l:3-dihydroxy-, 30 In 
— , Irl'dihydroxy-, 30 In 
— , l:5-dihydroxy-, 3016 
— , IrO-diliydroxy-, 301c 
— , l:7-dihy(lroxy-, 305a 
— , l:8-dihydroxy-, 305n 
— , 2:3-dihydroxy-, 305c 
— , 2:0-dihydroxy-, 305d 
— , 2:7-dihydroxy-, 300n 
— , l:3-dinilro-, 20 la 
— , l:5-dinitro-, 20 In 
— , l:8-dinilro-, 204d 
Naphthalene - 1:5 - disul - 
phonic acid, 2S3d 

1 :G-disulphonic acid, 2816 

l:7-disulphonicncid,2Sld 

1 :8-disulphonic acid, 28 Id 

2:6-disulphonic acid, 2S5n 

2:7-disulphonic acid, 2856 

3;6-disulphonic acid, 1:8- 

dihydoxy-, 370a 

^ l-nilro-, 2026 

Naphthalene - 3:8 - disul - 
phonic acid, l-nitro-, 202d 

Naphthalene disulphonic 
acids, 283a 

, diamino-, 330n 

, dihydroxy-, 309a 

, dinitro-, 205d 

Naphthalene, formula;, 2086, 
200d 

— , hoxabromo-, 270d 
— hydrogenation, high pres- 
sure, 411 
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Naplitlialene hydrogenation, 
MoOj, WO3 catalysts, 4116 

, M0S2, WS2 catalysts, 

4116 

, Ni catalyst, 411a 

, temperature effects, 411a 

to decaiin and tetralin, 

4116 

— , l-hydroxy-, 3316 
— , 2-hydroxy-, 340d 
Naphthalenemonosulphoiiic 
acids, 2806, 367 

, diamino-, 328a, 329a 

, dinitro-, 2956 

Naphthalene, 1-nitro-, 2746, 
2886 

— , — , in Bucherer’s reaction, 
2746 

— , — , oxidation, 268a 
— , 2-nitro-, 289e 
— , octachloro-, 276c 
— , oxidation, 2676 
— , production, 2666 
— , properties, 2656 
— , purification, before hydro- 
genation, 413c 
— , reduction, 2676, 4096 
Naphthalenes, alkylated, 3906 
— , aminodihydroxy-, 370 
— , chloro-, 275o, 276c 
— , chlorodinitro-, 297d 
— , chloronitro-, 296d 
— , diamino-, 324d 
— , diaminodihydtoxy-, 371a 
— , dichloro-, 2766 
— , diohlorodmitro-, 298a 
— , dichloronitro-, 297o 
— , dihydroxy-, 3636 
— , hydrogenated, 4096 
— , — , isomeric, 414c 
— , — , nomenclature, 409d 
— , — , preparation, 4106 
— , iodo-, 2S0a 
— , mononitro-, 2886 
— , nitro-, 288a 

Naphthalene - sodium com- 
pound, 412a 

Naphthalenes, substituted, 
hydrogenation of, 412c 
— , tetranitro-, 296c 
— , triamino-, 331a 
— , trinitro-, 2966 
— , substitution in, 268d 
— , sulphonation, 271a 
Naph^alene - 1 - sulphonic 
acid, 2806 

2-sulphonic acid, 282a 

4-sulphonicacid, 1-chloro-, 

278a 

Naphthalene - 5 - sulphonic 
acid, l-chloro-, 278a 

, 1-nitro-, 290c 

Naphthalene - 6 - sulphonic 
acid, 2-chloro-, 278d 

, 1-nitro-, 290d 

8-sulphonic acid, 1-nitro-, 

291c 

Naphthalenesulphonic acids, 
270d, 2806 

, alkylated, 8936 

, chloro-, 277d 

, diamino-, S27d 

, dihydroxy-, 3666, 389a 

, isomeric change, 271a 

, nitro-, 289d 

Naphthalene - 7 - sulphonic 
acids, l-amino-2-alkoxy-, 
354a 

Naphthalene, sulphur derivs.. 
3726 


Naphthalene, tests, 265d! 
Naphthalene - 1:4:5 :8 -tetra- 
carboxylic acid, 380a 
Naphthalene, 1:2:3:4 - tetra - 
hydroxy-, 371d 

— , l:4:5:6-tetrahydroxy-, 372a 
— , l:4:5:8-tetrahydroxy-, 372a 
Naphthalene - 1 :3 :5 :7 -tetra- 
sulphonic acid, 2S7c 
Naphthalenetetrasulphonic 
acids, 2876 

Naphthalene, l:2:6-triammo-, 
331a 

— , l:3:6-triamino-, 331a 
— , l:3:7-triamino-, 331a 
Naphthalenetricarhoxylic 
acid, 380a 

Naphthalene, l:2:3-trihydr- 
oxy-, 371a 

— , l:2:4-trihydroxy-, 3716 
— , l:3:5-trihydroxy-, 3716 

— l:3:6-trihydroxy-, 3716 
— , l:4:5-trihydroxy-, 371c 
— , l:4:6-trihydroxy-, 371c 
— , l:6:7-trihydroxy-, 371d 
Naphthalene - 1:3:5 - trisul- 

phonic acid, 286a 
Naphthalene - 1:3:6 - trisul- 
phonic acid, 286c 
Naphthalene - 2:4:5 - trisul- 
phonic acid, l:8-diamino-, 
3306 

Naphthalenetrisulphonic 
acids, 285d 

, nitro-, 2936 

Naphthalene, uses, 266c 

— -waxes, chlorinated, 2776 
Naphthalic acid, 378d 
, mercuration, 379a 

— acids, hydroxy-, 379c 
Naphihanid, 439a 
Naphthaphenanthridine al- 
kaloids, 439a 

Naphthaphenazine, 439a 
Naphthapurpurin, S84c 
1 :2-Naphthaquinone, 380d 
1:2 - Naphthaguinone - 2 - 
oxime, 385a 

1:2 - Naphthaqrmone - 4 - 
sulphonic acid, 384d 
l:4-Naphthaquinone, 3816 
— , condensations, 38 Id 
— , 2:3-dichloro-, 382d 
— , 2:3-dihydroxy-, S83d 
— , 5:8-dihydroxy-, 384a 
— , 6:7-dihydroxy-, 384c 

— from p-benzoquinone, 27a 
— , 2-hyaroxy-, 382d 

— , — , and o-phenylene di- 
amine, 383a 

— , 5-hydroxy- (sec also Nucin), 
3836 

1:4 - Naphthaquinone - 4 - 
oxime, 3856 

1 :4-Naphtha<iuiiiono reaction 
with butadiene, 3826 
Naphthaquinones, 380a 
— , hydroxy-, 382d 
— , phenylhydrazones, 2736, 

3810, 3826 
— , tests, 380d, 381c 
1:4- Naphthaquinone-2-sul- 
phonic acid, 385a 
l;4-Naphthaqninone, 5:6:8- 
trihydroxy-, 384c 
2:6-Naphthaquinone, 382d 
Naphthastyril, 439a 
Naphthasultam deri-yg., 3116 
Naphthasultamdisulphonic 
acid-D, 312a 


Naphthasultamdisulphonic 

acid-e, 312a 

Naphthasultam - 2:4 - disul- 
phonio acid-S, Slid 
Naphthasultam - 3:6 - disul- 
phonic acid, 312a 
Naphthasultam - 4 - sul - 
phonic acid, Slid 

Naphthasultamtrisulphonic 

acid, 302a 

Naphthasultam - (2):4:6-tri- 
sulphonic acid, 3126 
Naphthasultam - 3:(4):6-tri- 
sulphonic acid, 312o 
Naphthasultone, 3356 
Naphthasultone - 4 - sul - 
phonic acid, 337a 
1 - Naphthasultone - 5 - sul- 
phonic acid, 337a 
Naphtheizarin, 384o 
“ Naphthazole" 439a 
Naphthenic acids, 439a 

, detn., 442c 

, formulffl, 440d 

, salts, 441d 

, uses, 441c 

Naphthidine, 3886 
Naphthionic acid, 3046 
Naphthite, 4436 

1- Naphthoic acid, 374a 

, 2-atnino-, 374o 

, 8-amino-, 374d 

, 2;7-dihydroxy-, 378o 

, 3-hydxoxy-, 375c 

, 4-hydroxy-, 375c 

, 5-hydroxy-, 375c 

, 6 -hydroxy-, 375d 

, 7-hydroxy-, 375c 

, 8-hydroxy-, 375d 

2- Naphthoic acid, 3746 

, 3-amino-, 37 4d 

, l.'T-dihydroxy-, 3786 

, 3:5-dihydroxy-, 8786 

, S:7-dihydroxy-, 3786 

, 4:6-dihydroxy-, 378c 

, l-hydroxy-, 375d 

, 8-hydroxy-, 3766 

, 4-hydroxy-, 377d 

, 5-hydroxy-, 377d 

, 8 -hydroxy-, 377d 

3- Naphthoic acid, 2-hydroxy- 

3756, 3766 

, — , “ arylides,” 377a 

Naphthoic acids, 375a 

, amino-, 374c 

, dihydroxy-, 378a 

“ Naphthol AS,” 377a 
1-Naphthol, 3316 
— , 2-amino-, 361c 
— , 3-chloro-, 338a 
— , 4-chloro-, 3386 
— coupling rxile, 272d 
— , colour reactions, 332a 
— , detn., 3326 

l-Naphthol-2-.4:-dicarboxylio 
acid, 379c 

1-Naphthol, 2:4-dichloro-, 33Sa 
— , 2:4-dinitro-, 3396 
— , 4'.5-dinitro-, 339c 
— , 4:8-dinitro-, S39d 
1 - Naphthol - 2:4 - disul - 
phonic acid, 335c 

2:5-disulphonic acid, 335c 

2:7-disulphonic acid, 335d 

3:5-disulphonic acid, 335i 

3;6-disulphonic acid, 335d 

^3:6-disulphonic acid, 8- 

chloro-, 338c 

3:7-disulphonlc acid, 336a 

3:8-disulphonio acid, 338a 



1- Naphtliol-4:6-disulplionic 

acid, 336c 

4:;8-disulplionic acid, 336d 

5:7-disulplioiiic acid, 337a 

5;8-disulplioiiic acid, 337a 

6:8-disvilphonic acid, 3376 

1 - Naphthol hydrogenation 

products, 4:12c 

— , 4-methoxy-, dyes from, 387d 
— , 2-methyl-, 398d 
— , 2-nitro-, 338d 
— , 4-nitro-, 339a 
— , 5-nitro-, 339a 
— , 6-rdtro-, 3316 
— , 8-nitro-, 3396 
— , 2-nitroso-, 385a 
— , 4-nitroso-, 3826, 3856 

2- Naplithol, 340d 
— , 1-amino-, 350a 
— , 1-chloro-, 3486 

— , l-chloro-6-bromo-, 349a 
— , 3-chloro-, 348c 
— , 4-chloro-, 34:Sd 
— , 5-chloro-, 348d 
— , 6-chloro-, 348tZ 
— , 7-chloro-, 3485 
— , 8-chloro-, 3485 
— , colour reactions, 841c 
— , detn., 3415 

2 - Naphthol - 3:6 - dicar - 

boxylic acid, 379c 

2- Naplithol l:3-dichloro-, 3485 
— , l:4-dichloro-, 349o 

— , l:5-dinitro-, 349c 
— , l:6-dinitro-, 349c 
— , l:8-dinitro-, 349c 
— , 4:5-dinitro-, 349c 
2 - Naphthol - 1:4 - disul - 
phonic acid, 3455 

l:5-dis\ilphonic acid, 3455 

1 :6-disulphonio acid, 3455 

1 :7-disulphomc acid, 340a 

3:6-disulphonic acid, 340a 

3:7-disulplionic acid, 340c 

4:7-disxilphonic acid, 3405 

— -4:8-disulphonic acid, 3405 

5:7-disulphoruc acid, 3405 

6:8-disulphomc acid, 347a 

2 - Naphthol hydrogenation 
products, 413a 
— , 1-methyl-, 390a 
— , — , and nitrous acid, 3906 
— , 1-nitro-, 349o 
— , 4-nitro-, 34ga 
— , 5-nitro-, 3406 
— , 6-nitro-, 3496 
— , 8-nitro-, 3496 
— , l-nitroso-, 3806, 3855 
— , — , lake, 38Ca 
N aphtholmono sulphonic 
acids, amino-j 352c 

3- Naphthol, 1-amino-, 3506 
— , 2-amino-, 3515 

4- Naphthol, 1-amino-, 850c 
— , 2-amino-, 352a 

5- Naphthol, 1-amino-, 3505 
— , 2-amino-, 362a 

6- Naphthol, 1-amino-, 351a 
— , 2-amino-, 362a 

7- Naphthol, l-amino-, 3516 
— , 2-amino-, 3526 

— , aroyl-l-amino-, for cotton 
dyes, 350o 

8- Naphthol, l-amino-, S61c 
— , 2-amino-, 352c 

8 - Naphthol - 3:6 - disul - 
phonic acid, 1 - amino 
3546 

Naphthols, 331a 
— , amino-, 3495 
VoL. VIII.— 43 
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Naphthols, bisulphite reaction , 
273c 

l-Naphthols, bromo-, 3386 
Naphthols, diamino-, 302a 

1- Naphthols, halogcno-, 33Sa 

2- Naphthols, hnlogeoo-, 34Sa 
l-Naphthols, nitro-, 338c 

1 - Naphthol - 8 - sulphon - 
amide — 4 — sulphonic 
acid, 337a 

2-sulphomc acid, 3336 

3-sulphoiiic acid, 3335 

4-sulphonic acid, 331a 

, 2-ni(ro-, 3406 

, 2-nitroso-, 3S5a 

1 - Naphthol - 5 - sulphonic 
acid, 334 c 

6-sulphoiiic acid, 3345 

7-sulphonic acid, 3345 

, 2:1 - dinitro -, 

3406 i 

— , 2-nitro-, 3406 

, 4 - nitro - 2 - 

amino-, 3615 

1 - Naphthol - 8 - sulphonic 

acid, 333a 

, 2:4 - dinilro-, 

310c 

2 - Naphthol - 1 - sulphonic 

acid, 3436 

3-sulphonic acid, 3316 

4-sulphonic acid, 3446 

— , l-amino-, 353c 

, (?) . nitro - 1 - 

amino-, 3016 

2 - Naphthol - 5 - sulphonic 
acid, 314c 

6-siilphonic acid, 814c 

— . — ^ l-amino-, 354n 

2 - Naphthol - 7 - sulphonic 

acid, 3126, 345n 
8-suIphonic acid, 3456 

3 - Naphthol - 6 - sulphonic 

acid, (8) - nitro - 2 - amino-, 
302a 

4 - Naphthol - 6 - sulphonic 

acid , 3 -nit ro-l -amino-, 30 1 5 

5 - Naphthol - 7 - sulphonic 

acid, 2-amino-, 3536, 354c 
8 - Naphthol - 4 - sulphonic 
acid, 1 -amino-, 354a 
8 - Naphthol - 6 - sulphonic 
acid, 2-nmino-, 3545 
Naphtholdisudphonic acids, 
amino-, 3586 

Naphtholsulphonic acids, 
amino-, 332c 

, — , azo dcrivs,, 353n 

, — , constitution, 353n 

, nitrodiazo-, 302n 

1- Naphtholsulphonic acids, 

302c, 332c 
, chloro-, 338c 

2- Naphtholsulphonic acids, 

3426 

1- Naphthol, 2:4:5:7-lctranitro-, 

340a 

2- Naphthol -1:3:6:7 - totra- 

sulphonic acid, 3475 
1 - Naphthol, 2:4:6 - trinitro-, 
3395 

— , 2:4:7-trinitro-, 3395 
— , 2:4:8-trimtro-, 310a 
— , 4:5:7- cr 4:0:8-trinitro-, 340a 
1 - Naphthol - 2:4:7 - trisul - 
phonic acid, 8376 

2:4:8-trisulphonic acid, 

337c 

3:5:7-trisulphonic acid, 

3375 
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1 - Naphthol - 3:6:8 - trisul- 
phonic acid, 3375 

— , 2-amino-, 3016 

1 — Naphthol - 4:6:8 - trisul - 

phonic acid, 33Sn 

2 - Naphthol - 1 :3;7 - trisul - 

phonic acid, 3476 

3:5:7-trisulphonic acid, 

3476 

3:5:7-trisulphonic acid, 

8176 

3:6:7-trisulphonic acid, 

317c 

3:6:8-trisulphonic acid, 

317c 

— - — , l-amino-, 3016 

8 - Naphthol - 2:4:6 - trisul - 

phonic acid, 1 - amino 
3016 

0- l-Naphthoylhenzoic acid, 

4086 

1- Naphthyl accUito, 332c 
1-Naphthylacotic acid, 207n, 

4006 

Naphthyl alkyl ketones, 4005 
1-Naphthylamino, 2986 
— , acyl derive., 299n 
— , nlliyl dcrivs., 299c 
— , aryl dcrivs., 2005 
— , 8-cldoro-, 3126 
— , coupling rule, 2725 
— , N’-dietbyl-, 2995 
— , 2:l-dinitro-, 314a 
1 - Naphthylamino - 2:4 -di - 
sulphonic acid, 307a 
2:5-disulphonic acid, 807tt 

— -2:6-disulphonio acid, 3076 
2:7-disulphonic acid, 3076 

— -2:8-disulphonic acid, 3076 

3:5-disulphonic acid, 307c 

3:6-disulphonic acid, 307c 

— . — , S-chloro-, 312c 

1 - Naphthylamino - 3;7 - di- 

Bidphonic acid, 3075 

3 :8-di5ul phonic acid, 308a 

4:6-disulphonic ncid,30Se 

4:7-disulphonic acid, 3085 

4:8-disulphonic acid.GOPc 

5;7-disulphonic acid, 309r 

5;8-disulphonic acid, 3095 

— -6:8-disulphonic acid, 3095 
1 - Naphthylamino, hydro - 

genntion, 4136 
— , N-melhyl-, 299c 
— , 2-nitro-, 3i3a 
— , S-uitro-, 3136 
— , 4-nitro-, 3186 
— , 5-nitro-, 3135 
— , 8-nitro-, 3135 
— , N-phcnyl-, 2995 
1-Naphthylaminos, dinitro-, 
3l4n 

— , nitro-, 3125 

1-Naphthylamino, .sulplionn- 
tion scheme, 301a 
1 - Naphthylaminosulphonic 
acid, 2: l-dichloro-, 312c 
1 - Naphthylamino - 2 - sul - 
phonic acid, 303c 

3-sulphonic acid, 301a 

4-sulphonic acid, 3046 

5-sulphonic acid, 305a 

8-chloro-, 3126 

1 - Naphthylamino - 6 - sul - 
phonic acid, 305c 

7-sulphonic acid, 300a 

8-sulphonic acid, 3006 

1 - Naphthylaminesulphonic 
acids, 300c 
, nryl-, 3006 
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1 - Naphthylaminesulphonic 

acids, conversion into 1- 
aniinonaphthol - sulphonic 
acids, 302c 

, — — diaminonaphtba - 

lene-sulphonic acids, 303a 

— — , 1 - naphtholsul - 

phonic acids, 302c 

• , desulphonation, 302d 

, detn., 302c 

1- NaphtIiylamine-2:4:6-tri - 

sulplionic acid, 301a 

2:4;7-trisvilpliomc acid, 

310a 

■ 2:5;7-trisTjlpliomc acid, 

3106 

■ 3:5:7-trisulpliomc acid, 

310c 

3:6:8-trisulphomc acid, 

310c 

4:6:8-trisulplioiuc acid, 

311a 

2- Naplitliylamme, 314a 
— , acetyl-, 314d 

— . acyl derivs., 314d 
— . aryl derivs., 3156 
— , 1-chloro-, 3236 
— , rV-diethyl-, 3156 

2 - Naphthylamine -1:5- di- 

srStphonic acid, 320a 

l:6-disulphonic acid, 3206 

1 :7-disulphomc acid, 320o 

3:6-disulpliomc acid, 320c 

3:7-disulphoriic acid, 320d 

4:7-clisulphonic acid, 321a 

4:8-disulphonic acid, 321a 

5:7-disulphomc acid, 3216 

6;8-distilpboiiic acid, 321d 

2 - Napbtbylamine, hydro - 
genation, 4136 
— , iV-methyl-, 315o 
— , 1-nitro-, 324a 
— , S-nitro-, 3246 
— , 4-nitro-, 3246 
— , 6-nitro-, 3246 
— , O-nitro-, 324c 
— , 7-iiitro-, 324c 
— , 8-nitro-, 324c 
— -, N-phenyl-, 315c 
Napbthylatmnes, 298a 
— , bisulphite reaction, 273c 
Naphthylamines, diazotisa - 
tion, 2746 

2 - Naphthylamines, bromo-, 
323c 

2 - Naphthylamines, dinitro-, 
3245 

— , nitro-, 323c 

2 - Naphthylamine - 1 - sul - 
phonic acid, 318a 

4-sulphonic acid, 3186 

B-sulphonio acid, 3186 

6-sulphonic acid, 318c 

7-sulphonic acid, 319a 

S-snlphonic acid, 319c 

2 - Naphthylaminesulphonic 
acids, 317a 
— - — , aryl-, 316a 

■ , azo dyes from, 3176 

, l-chloro-, 3236 

, detn., 302c 

2-Naphthylamine, l:0:8-tri- 

nitro-, 324d 

l:3:7-trisulphonic acid, 

322a 

l:5:7-trisvilphonic acid, 

322a 

3:5:7-trisnlphonic acid, 

3226 


2 - Naphthylamine-3:6;7-tri- 
sulphonic acid, 322c 

3:6:8-trisulphonic acid, 

322d 

— -4:6;8-trisulphonic acid, 

322(i 

Naphthyl aryl ketones, 408a 
1-Naphthyl ethyl ether, 3326 

1- Naphthyhnercaptan, 3726 
— , 4-amino-, 372c 

— , 4-hydroxy-, 372c 

2- Naphthylrn;ercaptan, 372d 
— , 1-amino-, 372d . 

— , G-hydroxy-, 372<i 
1 - Naphthylmethylamine, 
3956 

1 - Naphthyl methyl ketone, 
407a 

— phenyl ketone, 40Sa 
, 4-hydroxy-, 408c 

1- Naphthylsulphamic acid, 

3036 

2- Naphthyl methyl ether, 341d 

Napoleonite^, 4436 
Narceine, 4436 ' 

Narcissine, 4436 
Narcotine, 4436 
Neircotoline, 4436 
Narcylen, 4436 

Naringin, 443c 
Narrawood, 443d 
Nasunin, 4446 
Natrojarosite, 4446 
Natrolite, 4446 
Natron, 444c 
Natural gas, Ic 
Naturgiftstoff, 4506 
“ Naturlab,” 4506 
Neat's foot oil, 4506 
Negretein, 450d 
“ Nekal BX," 401 
Nemalite, 450d 
Nematic substances, 450d 
“ Nembutal," 450d 
Neoantimosan, 450d 
Neoarsphenamine, 451a 
Neodymium, 451a 

— acetate, 4546 

— borates, 4546 

— boride, 454a 

— carbide, 454a 

— carbonate, 454a 

— chioride, 452d 

— chromate, 4646 

— double sulphates, 453c 

— hydrogen sulphate, 453c 

— iodide, 4536 
— , isotopes, 451a 

— nitrate, 453d 

— nitride, 453d 

— oxalate, 4546 

— oxides, 452c 

— oxychloride, 453a 

— perchlorate, 453a 
— , properties, 452a 

— selenide, 453d 

— spectra, 204a, 4526 

— sulphate, 4536 

— sulphide, 4536 
Neon, 454c 

“ Neonal," 457c 
Neon discharge tubes, 467a 
Neonite, 457c 
Neon, isolation, 454c 
— , isotopes, 454c 
— , properties, 455d 
— , spectra, 456c 
— , uses, 457a 
Neopine, 457c 
“ Neostibosan," 457c 


Neosynephrine hydrochloride 
457c 

Nepheline, 457c 
— , use in giass, 457d 
Nephelometric detn. of con- 
centration, 4596 
Nephelometers, micro-, 458c 
Nephelometry, 458a 
— , photographic, 4616 
— , preparation of suspension, 
460a 

— standardisation, 460c 
Nephrite, 461c 
Neponite, 461c 

“ Neradol," 461c 
Neral, 4Glc 
Nerol, 461c 

Neroli, essential oil, 461c, 659c 
d-Nerolidol, 461d 
Nerolin, 341d 
Nervon, 46 Id 
Nessler’s reagent, 462a 
Neurine, 462a 
Neutron, 462a 

— capture by nuclei, 462c 

— collisions, 462c 

— penetration of nucleus, 462c 
Neutrons, biological effects, 

463c 

— , detection, 4636 
— , discovery, 462a 
— , fast, 462c 

— in nucleus, 4626 
— , production, 463a 
— , practical uses, 465o 
— , slow, 462d 

Nevile and Winther’s acid, 
334a 

“ New Fortcx," 463d 
Newton’s alloy, 463d 
N’gart oil, 463d 
‘‘ Niacin,” 470a 
“ Niacinamide," 480a 
Nicoolite, 463d, 4776 
Nickel, 464a 

— ammonium sulphate, 475a 

— acetate, 473d 

— arsenide, 463d 

— bromide, 473d 

— by Mond process, 4656 

— carbonate, 473d 

— carbonyl, 465d, 474a 

— cast iron, 476d 

— catalysts, 166, 411o, 4766 

— chloride, 4746 

, compressibility, 473a 

copper alloys, 231a, 476d 

— , corrosion resistance, 475a 

— crystal structure, 467c 

— cyanide, 474c 
— , density, 

— dimethylglyoxime, 474c 

— dioxide, 4736 

— , drop reactions, 666 

— electrical resistivity, 407d 
— , electrodeposited, 4766 
— , electron emission, 469d 

— fluoride, 474d 
— , hardness, 471a 
— , high-pimity, 4666 

— , hydrogen adsorption, 467a 
Nickelic oxide, 4736 
Nickel-iron alloys, 476o 
Nickel, magnetic properties, 
468a 

— , malleable, 476a 

— minerals, 464a, 477a 

— , modulus of eleasticity, 473c 

— monoxide, 4736 
— , m.p., 467c 
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Nickel nitrate, 

— , optical properties, 470b 

— ores, lOItr, 477« 

— oxide, black, 405c 

— oxides, 473b 

— , physiological action, 47od 
— , Poisson’s ratio, 473a 
— , properties, 46Cb 

— radio-valve cathodes, 4G9d_ 

— refining, Orlord process, 405b 

— resistances alloys, 470d! 

— silvers, 470c 

— smelting, 404d 

— , specific heat, 407b 

— steels, 470b 

— sulphate, 474d 

— sulphide, 477b 

— , tensile strength, 470(7 

— tetroxide, 473c 

— , thermal conductivify, 4G9c 
— , — expansion, 40S(i 
— , — reflectivitj’, 470n 
— , thermoelectric force, 4G9c 
— , uses, 47ea, 477b 

— vapour pressure, 470c 

— , velocity of sound in, 470c 
Nicotinamide, 477c, 480(i 

— and Pasteurclla, 4Sla 

— as-grotvth factor, 83fl, 480c 

— in vitamin-Bj, 480(7 
Nicotindiethylainide, 4S0b 
Nicotine, 477c, 478c 

— , constitution, 478c 
— , detn., 477d 
— , solubility, 478b 
/-norNicotine, 477c, 479ft 
Nicotinic acid, 479rt 

as growth factor, 83a, 

480(7 

(amide), biological im- 
portance, 480c 

, derivs., dotn., 482c 

in foodstuffs, 483n 

vitamin-Bj, 480(7 

inethiodide, 4'SOc 

(amide), physiology, 482b 

therapy, 481(7 

Nicotyrine, 477c, 478(7 
“ Nicrosihl," 483b 
Nigella oil, 483b 
Niger seed oil, 483c 
Nigrosino, 483c 
Nigrotic acid, 274n, 378b 
Niin, 483(7 

“ Nikethamide," 480b, 483(7 
Ninhydrin, 483(7 
Niobium, 483(7 
— , drop reaction, 00a 
“ Nipagin," 483(7 
“ Niresist,” 483(7 
Nisinic acid, 483(7 
Nitralloy, 483(7 
Nitramide, 534a 
— ; structure, 534b 
Nitrate ion, drop reactions, 0Gb 
— ; of soda-potash, 484c 
Nitrates and chlorine produc- 
tion, 580c 
Nitratine, 483(7 
Nitration, liquid-phase, 489b 
— , vapour-phase, 489(7 
Nitre, 484b 
Nitric acid, 634c 

— — , absolute, 535a 

absorption tower, 543a 

action on metals, 539a 

activity coefficients, 638a 

b.p., 53Gc 

•“ — I “ brown-ring” test, 522a, 


Nitric acid, Cavendish experi- 
ment, 534(7, 557b 

concentration, 500(7, 577a 

decomposition, 537c, 51 1 (7 

, photochemical, 537c 

, densities, 535c 

detn., 540c, 58Sc,_590a 

, direct production of 

cone., 577a 

psei((7o-form, u35c _ 

from aininonia oxidation, 

544c, 557(7, 502c' 

, oxvgen and steam, 

580a 

synthetic nitric oxide, 

544c, 557b 

, fuming. 535(7, 540c 

heat of dilution, 537b 

formation, 537b 

, impurities in, 513(7 

manufacture retort pro- 
cess, 541c 

, vacuum processes, 5 1 3(7 

, m.p. 530(7 

, nitrous acid c.atalyst for, 

530c 

oxidations, 53Sc 

, packing for, 542b 

, reduction products, 538c, 

540a 

refractive indice.s, 537c 

specific heats, 537a 

structure, 102a, 53Sa 

vapour pressures, 530b, c 

Nitric anhydride, 528a 
Nitric oxide, 517(7 

absorption, removal of 

nitrous acid, 573(7 

— , Schlocsing process, 

570a 

towers, 5GSc, 570(7, 

' 572a, 575a 

, mist in, 57 1(7 

, oxidising space, 

57ib, 675e 

, Birkelnnd and Eydo pro- 
cess, 559(7 

decomposition velocity, 

559a 

density, 519b 

detn., .522a 

formation, oqiiilibrium, 

65Sa 

, heat of, 519(7, 657b 

, velocity, 558(7 

from electric arc, 541b, 

557b 


■ — Hausscr process, 502b 

prcpnmlions, 4, ,5, S, 518(7 

purification, 518b, 519a 

— reaction with ferrous sul- 
phate, 521c 

. — oxygen, 520a, 522b, 

624a, 513a 

^ and water, 544c 

water, 520c 

— sulphur trioxide, 

520(7 


reduction products, 521a 

, specific heats, 510c 

structure, 619a 

Nitrides, 508(7 
— , refractory, 509b 
Nitriles, 484c 
— , detection, 487b 
— , preparation, 484(7 
— , properties, 485(7 
reactions, 485(7 

(ioNitriles, preparation, 487b 
— , reactions, 487c 


Nitrite detn., 530c, SSOa 

— ion, drop reaction, COb 
Nitrites, 521c, 523(7, 529b 
Nitrocalcite, 488(7 
Nitrocellulosos, 488(7 

“ Nitrochalk,” 488(7, 581(7 
Nitro-compounds, aliphatic 
(sec also under Olefins, Para- 
ffins), 488(7 

— , — , sodium salts, lOlo 

, — , uses, 497a 

“ Nitro-copper,” 527b 
Nitroform, 493(7 
Nitrogen, 497c 

— acids, 000(7 
— , active, SOOb 
Nitrogenase, 5S0a 
Nitrogen and oxygon direct 

union, 514(7, 51 Sa, 523((, 
529a, 531(7, 514b 
— , atmospheric, utilisation of, 
544n 

— bromides, 513a 

— chloridc.s, 511c 
— , density, 500b 

— dioxide, see Nitrogen jier- 


, structure, 520 

— fixation as cyananiide, 553a 

eyanide.s, 552(7 

nitrides. 552c 

salt.s, 501b, 5Slc 

, biological, 5S3a 

by Azolobartcr, 5S5b 

Clostridium, 5S5a 

Noslne, 5S5b 

JUiizobiuvi, 583(7 

rool-nodulo bacteria, 

5S3n 


soil haclcria, 5S3a 

, liydroxylaniino in bio- 
logical, 5K0c 

statistics, 582(7 

, symbiotic, 5S0b 

Nitrogen fluoride, HI lb 

— from chemical compounds, 

501(7 

the air, 498(7 

— glow, .see Nitrogen, active. 

— lialides, 511b 

— , lieat of dissociation, 510b 

— hoxoxide, 528(7 

— in cylinders, 505c 

— iodide, 513a 

— isotojies, 500a 

— , liquefied (see also Claude, 
Linde, Pictet processes). 
502b 


— poii(asul(iIiide, 514c 

— pontoxidc, 52Sa 

dccoin])osilion, 52Sb, c 

, photochemical, f)28e 

, licat of formation, 528c 

m.p., 528b 

— peroxide, 524a 

absorption si)cctrum, 

520n 


, composition of gas, 525e 

, liquid and solid, 

525a 

, decomposition, 525c 

, phot-ochcmical, 52Sc 

, detn,, 527(7 

, heat of dissociation, 520a 

, formation, 525(7 

reaction with alkalis, 527n 

cuprous oxide, 527a 

water, 520(7 

— peroxide specific heat, 525(7 
water equilibrium, 67Sb 
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Nitrogen vapour density, 525c 

pressure, 524(7, 525a 

— , properties, 505c 

— selenide, 514c 

— specific heats, 5075 

— spectra, 508c 

■ — sulphide, 513c 

blue iorm, 514« 

tetrachloride, 5146 

— trichloride photochemistry, 

513a 

— Nitrogen tri-iodide, 5l3c 
— , valency, 505c 
Nitroglj'cerin, 587(7 
Nitroglycol, 587(7 
Nitrohydroxylainic acid, 5346 
“ Nitrolim,” 5536, 587(7 
Nitron, 587(7 

— detn. of nitrate and nitrite, 

5886, 589a 
Nitronic acids, 490c 
Nitron test for nitrates, 5886 
Nitrosic acid, 540(t 
Nitroso-colouring matters, 
591c 

D T'TifarosociuiQS'tiliyl& Tiil mG) 
591(7 

p-Nitrosoplienol, 591(7 
Nitrososulphuric acid, 521c, 
5326 

Nitrosulphonic acid, 5326 
Nitrosulphuric acid, 592a 
Nitrosyl bromide, 532(z 

— carbonyls, 5296 

— chloride, 529c, 5316, 680c 

compounds, 531(7 

density, 531(7 

— disulpbate, 532(7 

— fluoborate, 6326 

— fluoride, 531a 

— hydrogen selenate, 632c 
sulphate, 5326 

“ Nitrosyl mercaptides,” 692(7 

— metal halides, 592(7 

— perchlorate, 5326 
Nitrosyls and carbonyls, metal, 

592a 

— , metal, 592a 
— , — , valency relations, 5936 
Nitrosylsulphuric anhydride, 
521a 

Nitrosyl tribromide, 5326 
Nitrous acid, 520a, 523(7, 529a 

, decomposition, 5306, 

639(7, 573(7 

detn., 530c, 589a 

, volumetric, nitrate 

present, 541c 

, heat of formation, 5306 

neutralisation, 530a 

reduction products, 630c 

structure, 530(7 

-water equilibrium, 577(7 

— anhydride, 5226 

— — , absorbents for, 623(7 
, absorption spectrum, 

523c 

— — • gaseous, 522c, 5236 

— ■ — liquid, 522c 

reaction with oxygen, 523(7 

• — oxide, 514(7 

density, 516a 

detn., 5176, d 

formula, 616a 

from cylinders, 615(7 ■ 

nitric oxide, 615(7 

, heat of formation, 617c 

preparation, 5156 

— ■_ — specific heats, 516c 
Nitryl chloride, 541o 


Nitryl fluoride, 531a, 540c 
Njimo wood, 593(7 
Nodahenetin, 44Sc 
“ Nomag," 594a 
Nomenclature and literature, 
chemical, 594a 
— , aquo compounds, 604a 
— , atomic symbols, 600a 
— , biochemical, 611(7 
— , boron acids, 601a 
— , deuterium compounds, 6116 
— , Geneva system, 605(7 
— , incompletely Itnown struc- 
tures, 611c 
— , inorganic, 5976 
— , International Union of 

Chemistry, 599a, 6066 
— , organic, 6o46 
— , phospbonis acids, 601a 
— , physical chemistry, 612c 
— , ring systems, 610d 
— , rules, international, 698a 
— , stereochemical, 611a 
— , substitution method, 6056 
— , sulphur acids, 600d 
— , the two systems, 610a 
— , tritium compounds, 611c 
Nomograms, 620a 
Nonane, 620a 
Nonoic acids, 6206 
Nontronite, 620c 
Nopal, 620c 
Nopinene, 620c 
Nopinone, 620(7 
“ Norit," &20d 

Normil temperature and pres- 
sure, 621(7 
Novocaine, 621a 
N.T,P., 620(7 
Nucin, 3836, 621a 
Nucite, 021a 

Nuclear chain reactions, 463o 

— moments, detn., 1596 
Nucleic acid, deoxypentose, 

621c, 622a 

, — , depolymerase, 0276 

, — , mol. wt., 624(7 

, deoxyribo-, 622a 

, pentose, 621c, 022o 

— acids, 621a 
analysis, 627(7 

, deoxypentose, structure, 

624c 

identification, 0226 

, isolation of, 622c 

, pentose, mol. wt., 0256 

Nucleoproteins, 622(7 
Nucleosides, 0216, 627c 

— and nucleotides, structure of, 

623c, 024o 

Nucleotides, synthesis, 

6276 

— , furanose sugars in, 623(7 
Nucleotides, 021a 
— , deoxypentose, 6236 
— , isolation from nucleic acids, 
623a 

— , pentose, 623o 
Nucleus, see also Neutron 
— , “ compound,” 462c 
— , fission of, 462(7, 463o 
Nuperceiine hvdrochloride, 
627d 

Nutmeg, 627(7 

— adulteration, 6286 

— butter, 259a 

, American, 260c 

, Papuan, 259(7 

— essential oil, 628(7, 659(7 
Nutrilite, 628d 


Nux vomica, 629a 
Nyctanthes arbor-tristis, 631(7 
Nyctauthin, 631(7 
Nylon, 631(7 


O 

Oats, 6316 

ObermuUer test, 6316 
Obtusatic acid, 6316 
Oebre, 6316, 6326 
— , golden, 632a 
Ocimene, 6326 
Octacbloronaphthalene, 276c 
Octabydrouapbthaleues, 
409(7, 410a, 414(7, 432d 
ri®-Octalin, 443a 
Octalins, isomers, 414(7, 432(7 
OctametbylcUitbracene, 516 
n-Octane cracking, 645(7 
Octane number, 632c, 640c 

and chemical structure, 

638c 

measurement of, 6346 

reference fuels, 635c 

test, 635c 

n-Octane oxidation, 646a 
Octanes, 644(7 

— from “ alkylati(jn,” 6456 
cracking petroleum, 6456 

— yield alkylbenzenes, 646a 
Octenes (octylenes), 6466 
n-Octoic acid, 6446 
Octoic acids, 643(7 
Octyl, 644c 

— alcohols, 648c 
(Enanthaldebyde, 6486 
CEnin, 649a 
CEnidin, 649o 
CEstrane ring system, 207a 
Oestriol, 649(7 

Oil, ajowan, 655a 
— , aniseed, 6556 
— , bay, 6556 
— , bergamot, 655c 
— , hitter almond, 655a 
— , cajuput, 055c 
— , camphor, 635(7 
— , — , heavy, 656a 
— , — , light, 656n 
— , cananga, 655(7 
— , caraway, 6566 
— , cassia, 6566 
— , cedarwood, 656c 
— , chamomile, 656c 
— , cinnamon bark, 656c 
— , — leaf, 656d 
— , citronella, Ceylon, 657a 
r — , — , Java, 657a 
— , clove, 6576 
— , — stems, 6576 
— , coriander, 657c 
“ Oildag,” 649(7 
Oil, dill, 657c 

— , Euealypius amygdalina,65Sa 
— , — australiana, 657(7 
— , — cUriodora, 658a 
— , — dives, 658a 
— , fennel, 6586 
— , geranium, 6586 
— , ginger, 658c 
— , gingergrass, 058c 
— , lavender, 658c 
— , lemon, 658(7 
— , lemongrass, 650a 
— , limes (distilled), 659a - 
— , — (expressed), 6506 
— , linalop, Cayerme, 6596 
1 — , — , Mexican, 6596 
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Oil, mustard, 255a, 256d, 659c 
— , neroli, 46ic, 659c 
— , nutmeg, 628d, 659d 
— , orange, 659fi 
— , palmarosa, 660a 
— . pennyroyal (European), 660a 
— , — (American), 6605 
— • peppermint, Mentha arvcn- 
sis, 660c 

— , — , — piperita, 6605 
— , petitgrain, 660d 
— , pimento, 660(7 
— , pine, 66ia 

— , — needle, A5{cs sibirica, 
661a 

— , , Finns pumilio, 6615 

— , , — silvcsiris, 6615 

— , roses, 661c 
— , rosemary, 061c 
— , sandalwood (East Indian), 
661d 

(West Australian), OOld 

— , sassafras, 062a 
— , sliui (Ho), 662a 
— , spike lavender, 602o 
— , star aniseed, 002c 
— , thyme, 602c 

— , turpentine, A.S.T.M. spirits, 
specification, 0025 
— , — , British Standard, Type 
1, 663o 

— , — , , '^pe 2, 003a 

— , — , gum spirits of, 002c 
— , — , wood, 062(7 
— , — , sulphite, 002d 
— , vetiver, 0G3a 
— , winter^een, 003c 
— , wormseed, American, 663c 
Oils, drymg, 650n 
— , essential, 650a 
— , — , acid value, 0525 
— , — , alcohols detn., 052c 
— , — , aldehyde detn., 053a 
— , — , analysis, 0515 
— . — , enfleurage, 0515 
— , — , ester detn., 052a 
— , — , extraction, 050a 
— , — , ketone detn., 0545 
— , — , phenol detn., 654c 
— , eucalyptus, 057(7 
— , pine needle, 001a 
“ Ojuologbo,” 237(7 
Olefins, /] -nitro-, 4945 
— , — , in Diels-Alder synthesis, 
497a 

— , — , reactions, 4955 
— , dinitro-, 4945 
— , nitro-, and Grignard re- 
agents, 4965 

Oleic acid, growth factor, 83c 
Orange, Methyl, 20a 
Oreoselone, oroselone, 440a, c 
Orford nickel process, 4055 
Orthite, 4515 
“ Osgtim ” lamp, 457a 
Osthenol, osthol, 440(7 
Ostruthin, 447a 
Ostruthol, 448c 
Ostwald’s dilution law, 102a 
Otoba butter, 200c 
Otobite, fso-otohite, 200c 
Oxygen from liquid air, 5015 
Oxypeucedanin, peucedanin, 
448c 


P 

Palladium, drop reactions, 07a 
Panthothenic acid, 83a 


Paraffins, nitration in liquid- 
phase, 4895 

vapour-phase, 480(/ 

nitro-, 4S9a’ 

— , act forms, 490c 
— , colour test, 4flla 
— , manufacture, 490n 
— , reactions, 4905 
, — , tautomeric, 4905 
Paragonite, 55c, 50n 
Particle size defn., 400f7 
PateraitCj 2175 
Pelargonic acid, 6205 
Pellagra - preventive factor, 
480c, 4825 

Penttanciite, 404(7, 477a 
" Percaine,” 627(7 
Perchlorate detn. with nitron, 
580c 

Peri-acid, 3005 
Permolyljdates, 222c 
Pemitric acid, 541a 
Pemit.rniis acid. 54 In 


Pemitryl fluoride, 540(7 
Peroxidase, 108(7 
Peryleno, 387c 
Petrol, high octane, 0t5c 
Phalloidine, 2475 
Pbellopterin, 448c 
Pbengite, 50n 
Phenol, 2;l-dini(ro-, 590c 
— , 4:0-dinitro-2-nmino-, 590(7 
— , «i-nitro-, 500c 
— , o-nitro-, 500a 
— , p-nitro-, .500c 
Phenols, nitro-, and liomo- 
logiics. 590n 
Phenyl-y-acid, 3.54(7 
m-Phenylenediamino, 4-nilTo- 
591c 

(7- a - Phenyl - p - methyl - 
aminopropano, 4(7 
Phenylnaphthalonos, 380(7 
JV-Phenyl-l-naphthylaminc- 
8-sulphonic acid, 306(7 
Phonyl-perz'-acid, 300r7 
Phlogopito, 55(7, 50c 
Phosphatase, lOSn 
Phosphate ion PO4"', drop 
reaction, 07a 

Phthalic anhydride, 207(7 
Phthalidos and Grignard re- 
agents, 325 
Phthalimide, 208a 
Phthiocol, 399c 
Picramic acid, 590(7 
Picramido, 488c 
Picric acid detn. with nitron, 


nsoc 


Pictet liquid air process, 501n 
Pimelic acid, 835 
I'soPimpinollin, 448c 
Pinking, 032c 
Planck’s quantum, 158a 
Platinum, drop rcacl.ion, 07n 
— metals, drop reaction, 07a 
Plumbagin, 3005 
Polymethylnaphthalones , 
4055 


Polynitrocompounds, ali- 
phatic, 4935 
Pol 3 mucleotides, 0215 
— , action of enzymes, 027a 

— structure, 024c 
Potash-mica, 55c, d 
Potassium, drop reactions, 055 

— nitrate, 4845 
Potato, Naraara, 202c 
Powellite, 2175 
Pre-ignition in engines, 082d 


Promoters, 545a 
Proofmg against mildew, 955 
Propylnaphthalenes, 401a 
Protease, 1085 
Protective colloid, 460a 
Protolithionito, 565 
Provitamins, 207c 
Psoralono, 441(7, 417(7, 448(7 
isoPsoralene, 448(7 
Pulfrich pliotometcr, 459a 
Purines, 835 
Purple, Tyrian, 244(7 
Purples, mineral, 121a 
Purpuric acid, 2 45tt 
Pyrenocoumarins, 44 5o, 450a 
Pyrothrum extracts, 240(7 
Pyridino-3-carboxylic acid, 
479a 

Pyridine nucleotides, 63a, 481(7 
Pyridoxin, 82(7 
Pyrimidines, 835 
“ Pyroligneous acid,” 12(7 
Pyrrhotito, 401(7 


R 

Raman frequencies, 1875 

— spectra, I86n, 194(7 

, uses, ISSa 

Rayleigh's correction, 211a _ 

— law of .scattering, 187(7, 195a, 

459a 

Rod, Methyl, 20a 
— , Naga or Nagnnn, 2626 

— ochre, 032a 
Roforonco hoohs, Gina 
Rofractivity, molecular, 2285 
Resorcinol, 2:4:0-trinitro-, 5915 
Respiratory enzyme, absorp- 
tion s])C('(nim, 209a 

Rotrorsino, 231(7 
Rhenium; drop reaction, C7o 
Riboflavin, 82(7, 481(7 
Ribonucloaso, 027n 
Root-nodulcs pigment, 587a 
Roscoolito, 50o 
Rotundifolino, 1550 
Rowan, 2425 

Rubiadin 1 -methyl ether, 238a 
Ruthenium, dr(>p rencllons, 
075 


S 


S-Acid, 3505 
Saltpetre, 4845 
Sapotalin, 392a, 401c 
Schaflor acid, 344c 
Scholllcopf acid, 3005 
Scopolotin, 415c, 4 47o 
Sodirnonts, succo.ssion, 140(7 
Solomiim, drop reactions, 075 
Somidino rearrangement, 184(( 
Soso^, 445a, 450a 
Scsili indicuin, 4 ISa, c, d 
Sienna, 031d 
Sflicato magmas, 149a 
SUvor, dro]) reaction, 02a 
Sinalbin; 251(7, 255(7 
Sinigrin, 255a, d 
Skimmotin, 447(7 
Slag wool, 121a 
Soda-mica, 55c, 56(t 
Soda-nitro, 483(7 
Sodium, drop reaction.s, OGa 
— nii.ralo, 203(7, 483(7, 5015 
Soils, 150c 

Sorbic acid in rowans, 242(7 
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Sorbus aucuparia, 2426 
Spark - ignition engines de - 
tonation, 632c, 638a 
hydrocarbon oxida- 
tion, 63'3c 

Spectra, absorption, apparatus 
(sec also Spectra, molecular; 
Spectra Baman), 1946, 202d 
— , — , and structure, 207a 
— , — , benzene, 2066 
— , — , due to double bonds, 
2076 

— , — , electron theory of, 2046 
— , — , hydrogen, 1996 
— , — , infra-red, 186a, lS7a, 
1946, 505d 

— , — - — and Paman, in- 
terpretation, ISSc 

— , — , methods, 1946 

— , inorganic compounds, 

203c 

— , K-vitamins, 207d 
— ketones, 205a 
, — , organic compounds, 204c 
, — , permanganates, 204a 
— , respiratory enzyme, 

209o 

, — , saturated hydrocarbons, 
204d 

— , solutions, notation, 2026 
, — , visible and ultra-violet, 
technique, 202d 

— , vitamlns-Zlj) ‘-Da) 207 

, hand, emission, 200S, 2066 
theory, 195d, 200d 
, discharge tube, 201a, 2066 
• emission, 200d 
, flame, 200d 

, infra-red vibration, analysis 
of, 193a 

, molecular (see also Spectra, 
absorption ; Spectra, Ra- 
man), 186a, 195c 
— , acetylene, 190c 
— , continuous, 200a 
— , “ degenerate,” vibra - 

tions, 190d 

, — , detn. of configuration. 
192a 

, — , force constants and in- 
ternuclear distances, 1936 
, — , infra-red and Raman, 

186a 

, — , moments of inertia, 1926 
, — , notation, 1866 
— , OH and CH groups, 
191c 

— , predissociation, 200a 
— , pure rotation, 188c 

— , , water vapour, 

1896 

— , rotational fine structure, 
1926 

— , , CSo, 192d 

, — , symmetry selection rules, 
191d 

— , vibration-rotation, 1896 
— , , allowed transi- 

tions, 189c 

— , visible and ultra-violet, 

195a 

radio-frequency, 159c 
Raman, 186fl, 194d 
methods, 194d 
-, rotational, ISSa 
, vibration-rotational, 1896 
Spectrometer for infra-red, 
194c 

Spectrophotometers, photo- 
elec&ic, 203a 
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Spectrophotometers, j^hoto- 
graphic, 194c, 2036 
— , visual, 202d 
Sphodin, sphondylin,.449a 
Stand oil manufacture, 168a 
Stannous ion, drop reactions, 
676 

Sterols, distillation, 169c 
Stffl, cascade-tray (see also 
Molecular distillation), 166c 
— , centrifugal plate, 168d, 169(7 
— , falling-film, 166c 
— , molecular, cyclic batch, 
170(7 

— , — , laboratory, 170c, 171a 
— , — , operation, 172a 
— , — , researches with, 168o, 
1726 

— , short path, high vacuum, 
166c 

Stokes frequencies, 187(7 
Strong electrolytes, 162c 
Strontium, drop reaction, 6Sa 
Strychnine, 6296, C30a 
Strychnos mix vomica, 629a 
Styphnate identity test, 4056 
Styphnic acid, 5916 
SiUphide ion, drop reaction, 
676 

Sulpho - naphthenic acids, 
442(7 

Sulphonic groups, migration, 
272a 

Sulphur elementary, droj) re- 
actions, 676 

Sulphimic acid, concentrated, 
2716 

monohydrate, 2716 

Surface replicas, 92a 


T 

Tantaltnn, drop reaction, 68a 
Tellurium, drop reaction, 68a 
Telluroformaldehyde, 11(7 
z)°-Tetradecenoic acid, 200a 
Tetradecyl alcohol, la 
1 :2 :3 :4-Tetrahydronaphtha- 
lene (see also Tetralin), 
416(7 

Tetrahydronaphthalene di- 
carboxylic acids, 429(7 
ar-Tetrahydro-l :4-naphtha- 
quinone, 431(7 

Tetrahydronaphthoic acids, 
429a 

ac-Tetrahydro - 1-naphthoic 
acid, 429c 

ac-Tetr^ydro - 1 - naphthol 
{see also 1-Decalols), 423(7 
ar-Tetr 2 ihydro - 1 - naphthol, 
4226 

ac-Tetrahydro - 2 - naphthol 
(see also 2-Decalols), 424a 
ar-Tetrahydro - 2 - naphthol, 
422(7 

ar-Tetrahydro - 1 - naphthyl- 
amine, 4136, 4196 
ac-Tetrahydro -1 -naphthyl- 
amine, 4136, 421c 
ar-TetraJtxy<iro- 2- naphthyl- 
amine, 4136, 4206 
ac-Tetrahydro - 2 - naphthyl- 
amine, 4136, 421(7 
ar- Tetrahydro-1 :2-naphthy- 
lenediamine, 4216 
Tetralin, 4106, 413c 
— aldehydes, 42Sd 


Tetralin, alkyl homologups 
42ea ’ 

— , ac-2-chloro-3-hydroxy-, re- 
action with amines, 424c 
— , halogenation, 417(7 
— , isomeric derivs., 414(7 

— manufacture, 4106, 413c 
— , nitro derivs., 4l8c 

— peroxide, 4176 

— , properties, 413(7, 416(7 
Tetralins, acyl-, 4326 
— , alkylated, 427, 428 
— , ar-dihydroxy-, 423c 
Tetralin, sulphonation. 419a 
— , uses, 41 4o 
ar-l-Tetralol, 4226 
ar-2-Tetralol, 422(7 
ac-Tetralols from dihydro- 
naphthalenes, 424a 

1- Tetralone, 4305 
— , 2-hydroxy-, 431a 

2- Tetralone, 431c 
Tetramethylammonium 

compounds, Sa 
— , free radical, 86 
Tetramethylanthracenes, 
1:2:3:4 and 1;4:5:8, 51o, 6 
— , 1:3:5:7, 50a 
— , 1:3:6:S and 2:3:6:7, 506 
“ Tetranap,” properties, 414a 
Textile proofing, 956 

with organic compounds, 

976 

Th a ll i u m , drop reactions, 686 
Thiocyanate ion, drop re- 
action, 676 

Thio-2-naphthol, 3726 
Thionylmethylamine, 76 
Thiosulphate ion, drop re- 
action, 676 

Thio - trithioazyl chloride, 
5146 

Thoria, 230(7 

Thorium, drop reactions, 68a 
Tin metal, drop reaction, 68a 
Titanium, drop reactions, 686 
Tobacco extract, 477(7 
Tocopherols, 169o 
Toddalolactone, 447a 
Toluene-2-sulphonic acid, 
4-nitro-, 593c 
Toluidines, nitro-, 593c 
Tonejuin musk, 253c 
Trace elements, 1516 
Transport number, 936, 94c 
Triarylmethane carboxylic 
acids, 32a, 33a 
Trigonelline, 480c 
Trimethylamine. 7 c 

— in herring brine, 7 c 

— oxide, Sa 

— , plants containing, 7c 
— , reactions, 7(7 
Trimethylanthracenes, 49(( 
Trimethylnaphthalenes , 
392a, 404a 

Trimethylsulphoniinn iodide, 
10c 

Trinaphthobenzene-trioxide, 

3S2a 

Triphthaloylhenzene, 381(7 
Tritium, 595n 
Trivial names, 595a 
Trona, 444c 
Trouton’s rule, 2136 
Tungsten, drop reaction, 686 
Turbidimeter, measuring light 
transmitted/scattered. 458(7 
Turbidimetry, 458a 



INDEX, 


679 


U 

Umbelliferone, 4476 
UmbellipreDin, 4476 
Umber, 632n 
— , burnt, 632n 
Uracil, growth factor, S3c 
Uranyi ion, drop reaction, 086 
Urdite, 4516 


V 

Vacuum ultra-violet absorp- 
tions, 204c 

Vanaditma, drop reactions, 686 
Vermiculite, 50d 
“ Vicronic" resistant steel, 551a 
“ Vinasses,” 7c 
l-Vinylnapbtbalene, 4006 
Violet, jMethvl, 20a 
Virola fat, 2006 
Virus photographs, 90c 
Vitamin action, mechanism of, 
4Slc 

Vitamin-J. absorption spec- 
trum, 207c 

— -A, distillation, ICScf, 1726 
A, ester distillation, 170a 


Vitamin-B, functions, 4Sld 

5, sec Anourin 

B, complex, 4S0d 

2?, distillation, 1606, 1726 

B, distillation, 169a, c, 1726 

B, -K„ absorption spectra, 

207d ■ 

K, distillation, 1696 

Vitarnins, absorption spectra, 
207c 

— in fungi, 23a 


W 

Wagner-Meerwein rearrange- 
ments, 177a 
Walden’s Rule, 91c 
Wattle bark, 120a. 

Waxes, chloronaphthalone, 
2776 

Wien effect, IGSd 
Wood distillation, 12d 

— naphtha, 12c 

— spirit, composition, 13a 
Wool, micro-organism damage, 

076 

— proofing, 976 
Wulfenite, 2176, 2186, 2226 


X 

Xanthorite, 4516 
Xantbotoxin, xanthotoxol, 
448cf 

Xanthoxyletin, 419a, 450a 

Xanthyletin, 450o 

JST-Ray analysis, minerals, 12Ic 


Y 

Yeats, nutrients, Sid, S2d 
YeUow, Brilliant, 310c 
— , Clayton, 120a 
— , French, 339a 
— , Manchester, 3396 
— , Martins, 210d, 3396 
— , mineral, 031d 
— , Naphlhol, S, 240fll, 3106 
— , Nitrophcninc, 590a 
— ochre, 0316 
Yogbourt, 1166 


Z 

Zinc chloride in textile proof- 
ing, 90d 

— , drop reactions, USd, 09a 
Zinnwaldito, 506 
Zirconium, drop reactions, G9a 
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